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The construction industry has become increasingly more competitive and 

organizations need to continuously improve in order to remain successful.  One 

way of improving organizations is implementing knowledge or existing research 

products typically developed by various universities and research institutes such 

as the Construction Industry Institute (CII).  Although there are valuable research 

products available which have tremendous potential to improve construction 

project performance as well as the organization’s business processes, many of 

them have not been implemented to a significant extent on real world projects 

(CII, 1995).   Despite the importance of the implementation effort, there is little 

research focused on the implementation of existing research products or methods 

of measuring the degree of the implementation effort.   
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The traditional philosophy of construction management places great 

emphasis on the ability to plan and execute individual projects (Chinowsky, 

2000).  In contrast, a similar emphasis on the overall ability of an organization is 

many times lacking in the construction industry.  This dissertation focuses on 

assessing a construction organization’s implementation effort at organizational 

level using construction-related knowledge that CII has developed.   

A survey questionnaire was developed based on the information gathered 

from literature and inputs from industry participants to evaluate organizational 

implementation status.  The survey was validated through two pilot tests and the  

finalized questionnaire was distributed to 88 CII member organizations including 

both owner and contractor companies.   

The data collected from surveys were analyzed by using independent-

samples t tests, ANOVA, and reliability tests.  Based on the survey data, the CII 

Knowledge Implementation Index (CKII) was developed to quantify the level of 

organizational implementation status. Evaluation of the CKII against other 

implementation indicators, such as project use indices, verified that the CKII is 

consistent with other related measures.  The level of the CII Best Practice 

implementation was also evaluated in terms of the frequency and intensity.  A 

significant and positive relationship was found between the CKII and project 

performance as measured in various performance variables. Research procedures, 

conclusions, and recommendations for industry and for future research are also 

discussed in this dissertation.  
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Chapter 1:  Introduction 

The construction industry has become increasingly more competitive and 

organizations need to continuously improve in order to remain successful.  One 

way of improving organizations is by implementing knowledge or new practices 

which can be obtained from research products typically developed by various 

universities and research institutes such as the Construction Industry Institute 

(CII).  Although there are valuable research products available which have 

tremendous potential to improve construction project performance, as well as the 

organization’s business processes, many of them have not been implemented to a 

significant extent on real world projects (Smith, 1995).  

The relationship between knowledge implementation and organizational 

success has not been clearly recognized by industry leaders, which prevents some 

organizations from rigorously implementing research products.  In some cases, 

inappropriate implementation processes keep companies from maximizing the 

benefits of research products.  The process of implementing research products is 

as important, if not more so, as conducting research to develop a new product or 

concept.   

Despite the importance of the implementation effort, there is little research 

focused on the implementation of existing research products or on measuring the 

degree of the implementation effort. CII has identified the importance of 

implementation and instituted the Implementation Strategy Committee (ISC), 

which concentrates on the implementation of CII knowledge. CII also has 
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conducted some research to increase the level of implementation of CII products.  

The previous activities of CII and of the CII ISC to facilitate implementation 

efforts within its member organizations are summarized in Chapter 3.  

In addition to its efforts on the research side, CII has tried to measure the 

degree of implementation of some of its products against individual project 

performance. However, CII’s benchmarking efforts have been mainly 

concentrated on the individual project level and not on the organizational level 

where the greatest overall benefit may be achieved.  The traditional philosophy of 

construction management also places great emphasis on the ability to plan and 

execute individual projects (Chinowsky, 2000).  In contrast, a similar emphasis on 

the overall ability of an organization is often times lacking in the construction 

industry although it usually influences individual project performance to a great 

extent.  Although the pressures of project performance can often obscure this 

broader approach, it is essential to measure the current status of the organization 

and to find opportunities for improvement.   

The same theme can be applied to the implementation of CII products.  

Indeed, the CII research studies and products are developed with extensive input 

and assistance by the CII membership. Sound implementation processes at the 

organizational level should benefit organizations and lead them to successful 

implementation of beneficial practices.  In addition, rigorous implementation will 

eventually help organizations to achieve overall success.  The approach of looking 

at the broader organizational picture in terms of how organizations implement 

practices has been missing.  This study will focus on assessing CII member 
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organizations’ implementation efforts at the organizational level using 

construction-related knowledge that CII has developed.  It also supports the 

ongoing efforts of the CII ISC by developing a tool to measure the degree of CII 

knowledge implementation at the organization level.   

1.1 RESEARCH OBJECTIVES  

The primary objective of this research is to assess the organizational 

implementation process and the impact of CII knowledge implementation.  

Subsidiary objectives to achieve the main objective include: 

1.  Development and refinement of a comprehensive CII Knowledge 

Structure, 

2. Validation of the CII Implementation Model, 

3.  Development of a survey to assess the implementation level of CII 

knowledge within an organization using the CII Knowledge Structure 

and the CII Implementation Model, 

4. Development of a CII Knowledge Implementation Index (CKII) to 

quantify the level of organizational CII knowledge implementation, 

5.  Analysis of the implementation steps to identify the general strengths 

and weaknesses of implementation within survey participants, 

6. Development and analysis of implementation themes to evaluate their 

implications on the organizational implementation process, 

7. Evaluation of overall and individual CII Best Practices 

implementation, 
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8. Investigation of the correlation between the CKII and CII Best 

Practices implementation, 

9. Analysis of survey results to identify the relationship between the 

CKII and the success of individual project performance including both 

objective and subjective measures, 

10. Analysis of organizational policy implications and preparation of 

recommendations to improve organizational implementation efforts. 

1.2 RESEARCH HYPOTHESES  

There are two main hypotheses in this study and they are: 

1. The CKII score indicates the current status of CII knowledge 

implementation at the organization level, and    

2. The CKII score is a reliable indicator for predicting the success of an 

organization in terms of its project and company performance.   

Other hypotheses that will be tested by analyzing the survey data include: 

3. There is no difference between owners and contractors in terms of  

a. organizational implementation effort, 

b. CII Best Practice implementation, 

4. There is no difference between organizations  with implementation 

champions (ICs) and those without ICs, 

a. organizational implementation effort, 

b. CII Best Practice implementation, 

5. Organizations have, in general, strengths and weaknesses in using 

certain implementation steps and implementation themes, 
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6. There is no difference in degrees of implementation of the 11 CII Best 

Practices. 

1.3 RESEARCH SCOPE 

The major focus of this dissertation research is to first provide a metric to 

measure organizational implementation status of a construction-related 

organization. In turn, findings from this study should be interpreted as the 

organizational issues and they may not be applicable to the individual project 

level.   

The best practice implementation information evaluated using the survey 

instrument concentrated on the 11 CII Best Practices although it was attempted to 

investigate other best practices implemented within the participating 

organizations.  In addition, all of the survey respondents for this study were CII 

member organizations.  Applying the research methodology used in this study to 

non CII member organization may yield different results and thus generalizing the 

results of this study to the whole industry may not reflect the accurate 

implementation status.  

1.4 ORGANIZATION OF THE DISSERTATION 

This dissertation is organized into 8 chapters and several appendices 

containing supporting information and results of data collection and analysis.  

Following this introductory chapter, research methodology that was followed in 

conducting this study is presented in Chapter 2. The development and deployment 

of the survey instrument, the data collection process, and statistical techniques 

used to analyze the survey data are included in Chapter 2. Background 



 6 

information regarding CII, the CII ISC, CII Benchmarking and Metrics (BM&M), 

the CII Implementation Model, and the CII Knowledge Structure will be reviewed 

in Chapter 3. Also, discussed are barriers and facilitators of research 

implementation, knowledge management, the Malcolm Baldrige National Quality 

Award, and implementation themes.  Chapter 4 summarizes the analysis results of 

the first part of the survey focusing on the evaluation of the organizational 

implementation process.  The CKII development process, differences between 

owners and contractors, and differences between organizations with ICs and those 

without ICs are presented in Chapter 4. Chapter 5 contains detailed analyses of 

eight implementation steps and nine implementation themes. In Chapter 5, 

strengths and weaknesses of the organizational implementation processes among 

the participating organizations are identified and issues that need to be addressed 

to improve specific implementation steps and themes are also provided.  Analyses 

of CII Best Practice implementation are discussed in Chapter 6.  The usage of CII 

Best Practices, differences between owners and contractors, and differences 

between organizations with ICs and those without ICs in terms of CII Best 

Practices implementation are included in Chapter 6.  Chapter 7 provides detailed 

information on the impact of CKII in terms of its r6elationship with project 

performance data acquired from the CII BM&M database.  The relationship 

between CKII and CII Best Practices indices at the project level are also discussed 

in Chapter 6 to validate the CKII.  Finally, Chapter 8 reviews the achievement of 

research objectives, and findings related to the research hypotheses, as well as 

conclusions, recommendations, and suggestions for follow-up research. 
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Chapter 2:  Methodology 

This chapter outlines the specific research methodology employed to 

conduct this study including the survey development, survey validation, survey 

website development, survey distribution, data collection, data analysis, and 

preparation of conclusions and recommendations.  The first section summarizes 

the research methodology and describes each step defined in the methodology 

flowchart (See Figure 2.1).   

Various statistical techniques were used to analyze the collected data 

including boxplot diagrams, sample test procedure such as independent samples t 

test, analysis of variance (ANOVA), reliability analysis and regression analysis.  

Specifics of each data analysis procedure are also examined.   

2.1 RESEARCH M ETHODOLOGY  

Figure 2.1 outlines the research methodology and provides an overview of 

the various stages of this research investigation process.  Research methodology 

of this study involved nine main phases including 1) background research, 2) CII 

Knowledge Structure development, 3) survey development, 4) survey review 

process, 5) s urvey website development, 6) s urvey website validation, 7) data 

collection, 8) data analysis, and 9) conclusions and recommendations. The 

following subsections will describe each phase as well as its sub-processes.  
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Figure 2.1  Research Methodology 

2.1.1 Background Research 

This study was initiated with extensive background research which 

involved identification of needs for the study, brainstorming, and a literature 

review of associated academic works including previous CII research products. 

The main motivations for this study included a perception of relatively low level 

of implementation within CII member organizations in general, and a lack of tools 
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to assess the level of implementation status at the organization level.  As 

mentioned earlier, CII BM&M’s effort has been focused on the individual project 

level and benchmarking at the organization level has not received adequate 

attention.  Therefore, this study was intended to concentrate on the organization 

level in terms of implementation of CII knowledge that has been developed 

through various research activities.  Detailed information on findings from the 

background research is presented in Chapter 3. 

2.1.2 CII Knowledge Structure Development 

The CII ISC initiated the development of the CII Knowledge Structure by 

organizing a sub committee, the CII Knowledge Team.  The CII Knowledge 

Team hosted several meetings during the development phase, which lasted over a 

year, before finalizing the CII Knowledge Structure which organizes the body of 

CII knowledge.  In order to develop a comprehensive structure, the team collected 

various ideas from team members who represented the industry, universities and 

CII committees. The core terminology and a best practice screening process were 

also defined throughout the meetings. The CII Knowledge Structure will be 

maintained by the CII Knowledge Committee which was recently launched.  The 

CII Knowledge Structure and its development process are described in detail in 

Section 3.4.  Note that the author was a Knowledge Team member and involved 

actively in developing the CII Knowledge Structure.   

2.1.3 Survey Development 

The survey questionnaire was a fundamental part of this study in 

measuring organizational implementation level.  The survey was composed of 
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two main sections. The first part of the survey was intended to assess the 

organizational implementation effort and adherence to the CII Implementation 

Model while the second part concentrated on the specific use of the CII Best 

Practices and CII knowledge based on the CII Knowledge Structure. The survey 

questionnaire also contained three introductory letters and an instruction sheet.  

The first cover letter was prepared by co-chairs of the CII ISC and the letter was 

followed by the problem statement of the study.  A cover letter from the research 

group was also included. The instruction page provided guidance on how to 

complete the survey.  Contact information along with company information 

precedes the main parts of the survey. A validation questionnaire of the Project 

Definition Rating Index (PDRI) for building projects, and the CII BM&M 

questionnaire were used as references in structuring the survey instrument.  A 

copy of the questionnaire which contains all the questions and cover letters are 

given in Appendix A. 

The first main part of the survey contained 78 questions using Likerts’ 

scale in eight categories, which correspond to the first eight implementation steps 

specified in the CII Implementation Model.  The CII Implementation Model is 

described in Section 3.3. Each category had a different number of questions 

focusing on the specific issues related to corresponding implementation step.  

Questions in the first part were developed based on the CII Implementation Model 

and the findings from the literature review as described in the next chapter.  Issues 

addressed in Malcolm Baldrige National Quality Award (MBNQA) were also 

considered since the MBNQA similarly provides a method of evaluating 
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organizations .  Most questions had one - to- five answer scales while the others 

were yes/no questions.  Participants also had a choice of not answering the 

question by selecting a ‘Not Applicable’ option. 

The second part measures not only which best practices are implemented 

but also how they are implemented at the organizational level within participating 

organizations.  This part contained 165 questions in 11 different sections which 

corresponded to the 11 CII Best Practices that were defined in the CII Knowledge 

Structure as of August 2001. Each section comprised a set of questions to assess 

the level of organizational implementation of each practice rather than focusing at 

the individual project level. The data collected using the survey was also expected 

to be analyzed with organization’s performance and practice use data in key areas 

using CII BM&M data based on project performance. Questions presented in the 

survey are mostly subjective measures while BM&M data included mostly 

objective measures on project performance. It is envisioned that a careful 

combination of subjective and objective measures would yield a more realistic 

assessment of the organizational implementation status. Additionally, the survey 

questionnaire was developed to provide an organization with a method to assess 

its level of organizational implementation effort.  The overall structure of the  

survey is illustrated in Figure 2.2 as well as its association with the CII BM&M 

data.   
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Figure 2.2  Survey Structure  

2.1.4 Survey Review Process 

The survey version 1.0 was the first draft of the survey and it was 

reviewed by a faculty member, a few graduate students at the University of Texas 

at Austin and the CII ISC.  Input from their reviews and additional findings from 

the literature review caused a major update to the survey and in turn, the survey 

version 1.1 was prepared.  Version 1.1 was used in a pilot study in which four 

members from the CII ISC volunteered to participate.  Description of the pilot 

survey is provided in Appendix B1. For the first pilot study, four survey 

questionnaires were sent to the volunteer organizations, to review the validity of 
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the survey, in March 2001.  Three out of four pilot surveys were returned and the 

survey was updated to version 1.2 based on the pilot survey results.  Although 

comments from the pilot survey participants resulted in adding, deleting, or 

modifying many questions, the main framework of the survey remained intact.  

However, the pilot survey results were excluded from the data analysis since 

substantial changes in content were made through the review process.  The survey 

version 1.1 was also forwarded to all of the CII ISC members along with a 

summary document that described the study at a high level as well as the CII 

Executive Committee.  Comments from the CII ISC members were also used in 

finalizing the survey questionnaire and are included in Appendix B2.   

2.1.5 Survey Website Development 

Once the survey was finalized by using the outcomes from the survey 

review process, it was deployed on the web to facilitate the data collection 

process.  The survey website development was quite complex and challenging in 

that many different technologies were employed with different software packages.  

Several aspects of the survey website are discussed in this section including 

technical aspects, its functionalities, benefits and implications for future 

applications.   

2.1.5.1 Technical Aspects 

The survey website consisted of three main components including a user 

interface, business logic, and a centralized database.  The structure of this web-

based data collection process is provided in Figure 2.3, which also summarizes 
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how the underlying system of the survey website works as well as the data flows 

among the three components of the survey website.   

 

 

Figure 2.3  Overview of Survey Website 

Several different state-of-the-art techniques were employed in developing 

the survey website and they include MicrosoftTM Active Server Pages (ASP), 

Javascripts, Perl, and HyperText Markup Language (HTML).  The criteria of 

selecting appropriate technologies included the relative ease of implementing 

desirable features as well as preference and previous experience of the website 

developer with specific technologies. Availability and cost of web-hosting 

services that support specific types of technologies was also considered in 
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determining the survey website development methodology.  Among different 

technologies used in the development effort, HTML and Javascript are mainly 

used in developing the front-end applications of the survey website while ASP 

was employed in setting up the business logics between the front-end side of the 

application and the database.   For the development of a centralized database, 

MicrosoftTM Access was used due to the availability of the software and ease of 

integration with ASP technology.  The database used for this study consisted of 

52 tables, 51 queries, and several forms to enhance the data management and 

analysis process.  All the contact information of survey participants was also 

stored in the same database. 

An underlying process of the survey website which enables web-based 

data collection is also described in Figure 2.3 and is composed of four phases of 

data processing.  The first phase involves user interactions with this web-based 

data collection system.  Data input by a user is sent to the layer containing 

business logic and transformed to a format which can be understood by and stored 

in a database system.  Once the data is transferred to the database, it is stored in a 

pre-defined table format.  Then, the database returns necessary data to construct a 

set of user interfaces.  In the third phase, a dynamic html document is created 

based on the business logic, which can be understood by the web browser.  

Finally, the created document is returned to the user and this process is iterated 

until the user ends the process.  The process of updating the database and 

providing customized user interfaces were completed on a real- time basis.   
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2.1.5.2 Features and Functionalities 

The main purpose of the survey website development was to make it 

easier for survey participants to complete the survey.   Therefore, usability of the 

website was the first priority throughout the development effort.  The user 

interface for the website was designed very intuitively so that user can complete 

the survey with minimum help and without being concerned about special 

instructions.  In addition, the web-based survey was developed with the same 

appearance and structure of the paper-based survey to maintain consistency 

between online and offline versions of the survey.  It was designed in a way that 

users can easily navigate among different sections of the survey without excessive 

waiting or encountering an error message.  To minimize the time required for 

page- loading, use of images was limited and all the needed images were 

optimized to the minimum resolution without distorting their resolution by using 

JPEG and GIF format.  Each potential survey participant was given his/her own 

username and password to increase the security of the website and to maintain 

confidentiality of the study.   

Once a user enters their username and password to log in at the welcome 

page shown in Figure 2.4, the web-based system searches a database to check the 

validity of login information. If there is a matching pair of username and 

password located within the database, instructions on how to use the online 

survey are displayed with a confirmation message of user identification including 

the name of the user and his/her organization stored in the database.  If personal 

information stored in the database is not correct, the user has the option to log out 



 17 

and contact the webmaster or to modify the information.   Once access to the site 

is granted to the user, the system displays a customized main menu page based on 

whether the user visited the site before.  Upon the first visit, a user is directed to 

survey the cover letters which summarizes the research objectives and 

motivations along with the problem statements. These cover letters are 

customized based on the user’s contact information.  If it is not the first visit, a 

user is delivered a different menu without having to go through the cover letters 

again.   

 

 

Figure 2.4  Welcome Screen of Survey Website 

In order to enhance the usability and maintainability of the website, many 

unique functions were implemented within the survey website. The survey 

website allows users to partially complete the survey and come back at their 
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leisure to finish the remaining portion.  Therefore, revisiting users are provided 

with an option in the main menu to start from the point where he/she left the 

survey the last time.  This feature was considered one of the main benefits of the 

survey website since the survey was lengthy and users might find it difficult to 

allocate enough time to completely finish the survey during the first visit.   

Each page of the actual survey was organized in the same format as the 

paper-based survey and had navigation buttons at the bottom that allows users to 

move forward and backward. Each page also contained a printer icon at the upper 

right corner which enabled users to print out the corresponding section of the 

survey. Users can click a logout button at the bottom any time while they are 

completing the survey.  This automatically saves the entered data so that users can 

start from the appropriate next section after the completed part when they come 

back.  Each question in the survey was designed to be answered with an easy click 

of a selection of “radio” buttons.  Additional textboxes are also provided in each 

section where users can type in their comments.  A sample section from the 

survey website is provided in Figure 2.5. 
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Figure 2.5  Sample Section in Survey Website 

Additional features implemented in the survey website include error-

checking functions and an automatic email generation function. One or more error 

checking functions were deployed in each page using Javascript and ASP.  The 

most commonly used error checking function was to evaluate whether a user had 

answered all the required questions within a section.  If not, the system generated 

a warning message box with identification of the questions that the user failed to 

answer.  Other error checking features included login information confirmation 

and customized error message generation.  The automatic email generation 
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function was employed using Perl to send out a confirmation email message at the 

completion of the survey.   

2.1.5.3 Benefits and Implications on Future Studies  

Although the survey website development process required many hours of 

extra work, the use of a survey website with a centralized database significantly 

enhanced the data collection and management processes from many different 

aspects.  First of all, it substantially reduced the time needed to manually enter the 

data into a database which would have been required if a traditional paper-based 

data collection process was used. Having a database integrated to the survey also 

considerably decreased the time to organize the collected data and to query data to 

prepare different sets of data for various analyses. Built- in error checking features 

of the survey website improved the quality of data by eliminating chances for 

users to accidentally skip some of the essential questions. However, it is important 

to note that users still had a choice of not answering specific questions by 

selecting the ‘Not-Applicable’ answer.  The web-based data collection process 

also saved costs since participants who completed the survey online did not have 

to send the completed surveys via postal service.  Finally, the survey website 

developed for this study provides guidelines in developing future online survey 

questionnaires.  In fact, this survey website can be used as a basis for future 

applications with some modifications to the programmed codes.  To maximize the 

reusability and to optimize the efficiency of the codes, all the common functions 

used in the web-based survey were modularized. The survey website was hosted 

by a commercial internet service provider and was available to all the survey 
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participants including pilot survey reviewers at http://www11.brinkster.com 

/kay95/index.asp. 

2.1.6 Survey Website Validation 

After the web deployment, another pilot test was conducted to validate the 

survey website with 4 volunteers from the CII ISC and a graduate student at the 

University of Texas at Austin.  All five were given different sets of usernames 

and passwords and asked to review the functionality as well as the content of the 

survey website.  All five volunteers completed the survey and the collected data 

from the second pilot test were included in the data set for final analyses except 

the one completed by the graduate student.  The content of the survey was slightly 

modified, as a result of the second pilot, and usability and functionality of the 

survey website was enhanced.  During this validation test, the database design 

was continually improved as well to achieve a better integration with the survey 

website and an easier data extraction process for data analysis. 

2.1.7 Data Collection 

Data collection is defined as an activity of constructing primary data 

records for a given sample of population of observations (Bohrnstedt and Knoke 

1994).  The data for this study was collected from three different sources to assess 

the level of organizational implementation. The sources comprised completed 

survey questionnaires, the CII BM&M database and CII staff.  As described in 

Section 2.1.3, the primary data collection method was the survey questionnaire. 

This section provides information on the different data collection methods that 

were employed with the survey questionnaire and describes sample selection and 
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survey distribution methods.  Other sources of data and types of data from them 

are also discussed. 

2.1.7.1 Sample Selection 

A survey questionnaire was developed for this study as described in detail 

in Section 2.1.3 and the survey questionnaires were distributed to 89 individuals 

from 88 organizations.  All the contacted organizations were CII members as of 

August 2001 and contact information was gathered from the CII database.  In 

order to increase the survey response rate, pre-notification emails were delivered 

all the prospective participants before actual distribution of the survey 

questionnaire (See Appendix C1).  In addition, survey reminders were sent via 

email twice throughout the data collection process and they are provided in 

Appendix C2.   

Since the survey was developed to measure the implementation status of 

CII knowledge at the organizational level, the first effort in deciding the point of 

contact was to identify individuals with sufficient knowledge regarding the CII 

products and with experiences of their implementation within their organizations.  

CII Implementation Champions (ICs) emerged as the right audience for this study 

since they should have better ideas about different CII practices and their 

implementation from the additional implementation assistance available to them 

from CII, including biannual CII IC workshops. Although it seemed that ICs were 

the right individuals to be contacted for this study, there was a problem that some 

of the CII member organizations have not designated CII ICs. CII Board of 

Advisor (BoA) members appeared as the second choice since all the member 



 23 

organizations had appointed at least one BoA and they should be reasonably 

familiar with CII products.  Therefore, the lists of ICs and BoAs for each CII 

member organization were prepared from the CII database and there was more 

than one person on the list for an organization in most cases.   

After the lists of contacts were developed, efforts were made to identify 

the most active person in CII activities within each organization.  In general, IC(s) 

were identified as the most active “implementation” person with CII within most 

of the organizations that have a designated IC. Therefore, if there was a 

designated IC within an organization, he/she received a hardcopy of the survey 

questionnaire as well as an electronic version of the survey and all the other ICs 

and BoAs within the organization, if there were any designated, also received an 

electronic copy including problem statements and cover letters.  If no IC existed 

within an organization, all the BoAs got electronic copies in MicrosoftTM Word 

format and only the one who was considered to be most active with CII activities 

received a hardcopy. One out of 88 organizations had two active ICs, which 

explains the difference between the number of individuals who received the 

hardcopy survey and the number of organizations contacted.   

Figure 2.6 illustrates the composition of the survey sample.  Based on the 

type of organizations, 45 were owners of facilities and 43 were contractor firms.  

In addition, 54 of 88 organizations had at least one IC designated within their 

organizations as of August 2001.  The grouping information based on the 

organization type and the existence of CII ICs within organizations was used 
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extensively in analyzing the collected data to identify differences between the two 

groups. 

        

 

Figure 2.6  Composition of Survey Sample (N=88) 

In order to facilitate the data collection process, three different methods 

were used in distributing the survey questionnaires.  Surveys were distributed to 

potential participants through postal mail, email, and the survey website. Survey 

participants, correspondingly, had three different ways of completing the survey.  

The first option was to follow the traditional way of doing a survey by using a 

hardcopy.  Survey participants also had an option to use an electronic version of 

the survey which was developed with MicrosoftTM Word.  The last (and highly 

recommended) way of completing the survey was to take advantage of the survey 

website which was deployed online.  It was envisioned that giving more choices 

Owners 
(45) 

Contractors 
(43) 

With ICs 
(54) 

Without 
ICs 
(34) 
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to survey participants in completing the survey would be helpful in obtaining a 

higher response rate.   

2.1.7.3 Other Sources of Data 

A part of the data used in this study was extracted from the CII BM&M 

database.  A graduate student working for CII BM&M assisted in getting the data 

from the CII BM&M database.  The data collected from the CII BM&M database 

included individual project performance data of organizations that participated in 

the survey including cost, schedule, rework, project change management, and 

safety data.   The purpose of collecting project performance data was to assess the 

impact of the organizational implementation on project performance to validate 

the findings from the completed survey questionnaires. Details on the 

characteristics of CII BM&M data used in this study are provided in Chapter 6.   

CII membership and participation data were also collected and analyzed to 

identify relationships with the organizational implementation level.  Durations of 

active CII membership and the level of participation in other CII activities of the 

participating organizations were obtained with assistance from CII staff and 

analyzed as discussed in Section 4.3.  

2.1.8 Data Analysis 

Analyses of the collected data were conducted using different statistical 

techniques which are discussed in Section 2.2.  The data analysis process focused 

on three areas: 

• Quantification of the organization implementation status, 

• CII Best Practices implementation level at the organizational level, and 
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• Impact of the organizational implementation on project performance 

Quantification of the organizational implementation status was 

accomplished by analyzing the data collected from the first part of the survey.  An 

index was developed to quantify the organizational implementation level of CII 

products based on the CII Implementation Model and was called the CII 

Knowledge Implementation Index (CKII).  The differences between owners and 

contractors and between organizations with ICs and those without ICs were also 

analyzed by using the CKII.  Individual implementation steps in the CII 

Implementation Model were closely evaluated based on the responses from the 

survey participants.  Detailed information on how the CKII was developed and all 

the related analyses are provided in Chapter 4. Correlations between the CKII and 

CII membership participation were also identified and the results are included in 

Chapter 4. 

The second part of the survey was intended to measure implementation of 

the 11 CII Best Practices defined in the CII Knowledge Structure and data 

collected with this part was analyzed to investigate the level of CII Best Practices 

implementation at the organizational level.  Both overall and individual CII Best 

Practices usage was examined with the data representing the number of CII Best 

Practices implemented within the participating organizations. The differences 

between owners and contractors and between organizations with ICs and those 

without ICs were again highlighted in terms of CII Best Practices usage. The 

relationship between the CKII and CII Best Practice implementation was also 

examined by comparing data from the two parts of the survey. Lastly, the degree 
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of implementation of each CII Best Practice was analyzed to provide insight on 

differences in organizational implementation among the 11 CII Best Practices.  

Chapter 6 summarizes all the analyses related to the CII Best Practices 

implementation.   

Another focus of data analysis was to identify the impact of the 

organizational implementation effort on organizational success in terms of project 

performance improvements.  The survey participants were divided into different 

groups based on their CKII scores and the differences in project performance 

between the groups were analyzed by using CII BM&M data.  For validation, the 

CKII also was compared against various CII practice usage scores from the CII 

BM&M database.  Comparisons between data collected from the survey and CII 

BM&M data are provided in Chapter 7 in detail.   

2.1.9 Preparation of Conclusions and Recommendations  

Based on findings from various analyses with the data collected from the 

survey and CII, conclusions and recommendations were drawn as described later 

in Chap ter 8.  Conclusions reflected several implications from the analyses results 

and they include: 

• Evaluation of the current organizational implementation status, 

• Identified strengths and weaknesses within participating organizations in 

terms of the organizational implementation effort, 

• CII Best Practices implementation status, 

• Validation of CKII, and 

• Organizational policy implications to achieve better implementation. 
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Recommendations for future studies and contributions of this study to the body of 

knowledge are also discussed and presented along with conclusions.   

The study outputs will be summarized and distributed to the survey 

participants to provide guidelines to improve their implementation efforts.  In 

addition, a CKII self-assessment toolkit is planned to be developed for CII 

member organizations to evaluate their overall implementation effort, to be 

incorporated into the CII BM&M data collection process.   

2.2 STATISTICAL TESTS 

Statistics play a vital role in the description of the results of research. 

Effective use of statistical analysis permits researchers to accurately describe the 

findings of scientific research, make decisions, and make estimations (Cramer 

1998 and Johnson 1995).  In addition, understanding the various survey 

techniques and properly interpreting the statistical results are imperative to the 

success of survey research (Fowler 1993).  As such, the following sections 

describe several statistical techniques employed to analyze the data in conducting 

this study. 

2.2.1 The Boxplot 

The boxplot, designed by John Tukey, is a useful statistical display that 

provides summarized information on the distribution of values and is sometimes 

called a box-and-whisker plot (SPSS® Base 10.0 Applications Guide).  By 

graphically displaying the median and inter-quartile range, boxplots characterize 

the distribution of a variable. Figure 2.7 provides an annotated sketch of a 

boxplot.  The edge of each box, called hinges, mark the 25th and 75th percentiles 



 29 

and the horizontal line inside the box represents the median of a variable.  

Therefore, the median splits the ordered batch of numbers in half, and the hinges 

split the remaining halves in half - that is, the box contains the central 50 percent  

of the data values.  The length of the box corresponds to the inter-quartile range 

which is defined as:  

IQR = 75th percentiles – 25th percentile. 

From the shape of boxplots and the location of the median line, it is easy to see 

the skew of a distribution.  If the median is closer to the top than to the bottom of 

the box, it indicates that the distribution is left-skewed.  In contrast, if the median 

is closer to the bottom, the distribution is right-skewed.  In addition to providing a 

summary of where the bulk of values are concentrated and the shape of the 

distribution, the boxplot is constructed to flag outliers.  Cases that have values 

more than three times the length of the box below the lower hinge or above the 

higher hinge are marked by an asterisk(*) and called extreme outliers.  Outliers 

defined in the boxplot are the cases which have values between 1.5 and three 

times the length of the box.  Although this outlier detection capability was not 

utilized for this study, boxplots are used to identify general characteristics of 

distributions of variables. 
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75th Percentile

25th Percentile

Median
50% of cases
have values

within the box

Smallest observed value that is not an outlier

Largest observed value that is not an outlier

0 Values more than 1.5 box-lengths
from 75th percentile (outliers)

*
Values more than 3 box-lengths from
75th percentile (extreme outliers)

0 Values more than 1.5 box-lengths
from 25th percentile (outliers)

* Values more than 3 box-lengths from
25th percentile (extreme outliers)

 

Figure 2.7  Annotated Sketch of a Boxplot 

2.2.2 Independent-Samples t Test 

The independent-samples t test is used to evaluate whether the mean of a 

single variable for subjects in one group statistically differs from that in another 

group.  It does this by comparing the difference between the two means with the 

standard error of the difference in the means of different samples.  To be able to 

perform this test, each case must have at least two variables: the grouping variable 

and the test variable.  The grouping variable divides the cases into two mutually 

independent groups or samples, while the test variable defines each case on some 

quantitative measure.  The test variable is used to test for a difference between 

two independent groups on the means of a continuous variable. 
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There are three underlying assumptions in conducting the independent-

samples t test which should be met to produce fairly accurate test results. These 

assumptions and the consequence of assumption violation are as follows: (Cho 

2000, SPSS® Base 10.0 Applications Guide) 

1. The test variable is normally distributed in each of the two 

populations.  

With a moderate to large sample, this assumption may be violated and 

the test will still yield reasonably accurate results.  If the population 

distributions are substantially non-normal, larger samples are 

necessary.  In most circumstances, a sample size of 15 cases per group 

should be sufficiently large to yield fairly accurate p-values.  However, 

transformations should be considered first to meet the normality 

assumption.  

2. The variances of normally distributed test variable for the populations 

are equal. 

To the extent that this assumption is violated and the sample sizes 

differ for the two populations, the p-value from the independent-

samples t test should not be trusted.  The independent-samples t test 

procedure, however, computes an approximate t statistic that does not 

assume that population variances are equal in addition to the 

traditional t test that assumes equal population variances.  

3. The cases represent a random sample from the population, and the 

scores on the test variable are independent of each other. 
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If the independence assumption is violated, the p-value should not be 

trusted. 

Independent-samples t test outputs from SPSS® include the results of 

Levene’s test which evaluates the second assumption, whether the population 

variances for the two groups are equal. If the p value from a Levene’s test is 

greater than 0.05, it indicates that the variances for the two groups are equal.  If 

variances for the two groups are substantially different and the sample sizes are 

unequal, the t value where equal variances are not assumed should be used rather 

than the standard t value.  Independent-samples t test was used very extensively in 

analyzing the data for this study such as for evaluation of differences between 

owners and contractors.  

2.2.3 One-Way Analysis of Variance 

Analysis of variance (ANOVA) is an extension of the two samples t test to 

the situation in which more than two groups are compared simultaneously.  This 

analysis examines the variability among the sample means relative to the spread 

of the observations within each group.  The null hypothesis is that the samples of 

values come from populations with equal means.  One-way ANOVA analysis 

deals with only one independent variable of factors for comparison.   

For a one-way ANOVA, groups or cells are defined using the levels of a 

single grouping variable that has two or more levels, which is similar to that used 

in the independent-samples t test.  There should also be a test variable exist for 

each case.  A one-way ANOVA test is used to evaluate differences in means 

among more than 2 groups.   
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The one-way ANOVA analysis also has similar assumptions as those of 

the independent-samples t test and they need to be met to produce reasonably 

accurate results.  The assumptions include normality, homogeneity of variances, 

independence among samples, and random sampling.  These assumptions are 

explained in details with implications of their violations in the previous section.  

The one-way ANOVA analysis was used in many occasions for this study to 

compare means of multiple groups.  

2.2.4 Reliability Analysis 

Reliability refers to the property of a measurement instrument that causes 

it to give similar results for similar inputs (SPSS® Base 10.0 Applications Guide).  

There are two different aspects of reliability which are internal and external 

reliability.  External reliability refers to the repeatability of measures over time 

(Bryman and Cramer 1997).  For example, suppose that there is a standardized 

personality test. If it is administrated to test a group of people, and then re-

administrated shortly afterwards to the same group, results from both tests should 

yield similar results.  If the outcomes of a measurement fluctuate over time under 

the same environment, the measurement would be regarded as externally 

unreliable.  External reliability can be easily tested by using a test-retest method 

over a short period of time under the same settings.  

Internal reliability is particularly important in connection with a multiple 

items scale.  It raises the question whether each scale is measuring a single idea 

and hence whether the items that make up the scale are internally consistent.  For 

example, all questions within a test to measure the computing ability of a person 
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should be associated with something related to computing.  If one question in the 

test examines issues that have nothing to do with computing, it decreases the 

internal reliability of the test.  Among several procedures for estimating internal 

reliability, the Chronbach Alpha (Alpha) is commonly used, which is based on the 

average correlations of items within a test.  Since Alpha can be interpreted as a 

correlation coefficient, it ranges in value from 0 to 1.  An Alpha of 0.7 or higher is 

generally considered good.  

When conducting a reliability test with SPSS®, the program calculates an 

Alpha value for the tested instrument.  It also generates a table that contains 

Alpha values for each question. This represents the Alpha value of the test if the 

question was removed from the test.  Therefore, if a significantly higher Alpha 

value can be obtained by removing an item in the test, the item is considered to be 

bad since it hurts the internal reliability of the test.  

The reliability test was employed to measure the consistency of questions 

in eight different sections of the survey, which corresponds to implementation 

steps in the CII Implementation Model.  It was also used to test the reliabilities of 

questions grouped under eight implementation themes that were developed based 

on the findings from the literature review. Results of the reliability tests used for 

this study are presented throughout Chapter 5. 

2.3 LIMITATIONS OF DATA ANALYSIS  

During the course of the research, some potential limitations of this study 

in terms of methodology and data collection were expected.  The primary 

limitation was related to sample selection. Eighty-eight organizations that 
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received the survey for this study were CII member firms.  The respondents were 

not from a random sample in the construction industry.  It is generally recognized 

that CII member organizations are typically among the best organizations in 

North America in terms of capital project execution and the differences in some 

project performance metrics have already been proven by previous BM&M 

studies.  The approximately 45 percent of CII member organizations that 

completed this lengthy survey may be more interested in implementation than 

others that did not respond and they may have a better organizational 

implementation process.  As such, generalizing the results of this study to the 

whole industry in not reasonable since the results may represent ‘the best of the 

best’. 

The second limitation is related to the nature of the subject.  The main 

objective of this study was to assess the level of organizational implementation 

effort which covers a very broad range of issues within an organization.  

However, the survey was sent to only one individual within an organization and it 

may be unrealistic to expect him/her to know the right answers for all the 

questions asked in the survey.  Although it was recommended for survey 

participants to get help from others in answering the questions where they did not 

have enough knowledge, limited time availability and the length of the survey 

might have prevented them from gathering all the needed inputs.  In addition, 

many questions were subjective and could have been answered differently if 

asked of someone else within the same organization. However, an effort to 

minimize the impact of this limitation was attempted by contacting individuals 
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such as ICs and BoAs who were considered to be fairly familiar with CII products 

and their implementation.   

Another limitation relates to the data obtained from BM&M and its ability 

to be compared with the CKII.  While the survey data represents a “snapshot” of 

organizational implementation at the time of the survey completion, BM&M 

project performance data are considerably older than the survey data.  The 

BM&M data used for the analyses were submitted between 1998 and 2001 and 

the completion dates of the projects submitted were even earlier than the submittal 

time.  Considering how fast the industry is evolving, the comparison between 

survey data and BM&M data might not have produced very accurate comparison 

results.  In addition, only 16 out of 41 participated organizations have submitted 

their project performance data to the CII BM&M database, which represents 39 

percent of the sample.  It would have been easier to perform more reliable 

analyses if more project data from more organizations were available.  Although, 

the BM&M data was somewhat older than the data collected with the survey, it 

was the best available data to validate the CKII. 

  Characteristics of the BM&M data was another limitation of the data 

analysis process because of non-normally distributed project performance 

indicators used in the analyses.  Although large sample sizes were used to 

minimize this problem, more dependable analyses would have been possible with 

normally distributed data sets.  In addition, outliers included in some of the data 

sets might have had impacts on the outcomes as well.  Finally, background 

information about the projects used in the analyses was not available.  Some of 
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the exceptionally bad performance data might have resulted from unique project 

backgrounds, such as environmental issues, changes in regulatory rules, and 

organizational financial problems which were outside the control of the project 

team or organizational efforts.  Knowing project background information would 

have been helpful in excluding the data points which were affected by 

uncontrollable variables.  

2.4 SUMMARY 

This chapter outlined the methodology followed in conducting this study.  

The research process involved many different tasks and took two years to 

complete.  Data collection was mainly accomplished by the surveys that were 

distributed via postal mail, email, and the survey website which enhanced the 

collection process significantly.  A centralized database was developed and 

integrated with the survey website which enabled real-time data collection. 

Several statistical techniques such as boxplots, independent-samples t tests, one-

way ANOVA, and reliability tests were employed to conduct the data analysis 

and to verify the research hypothesis.  The next chapter summarizes background 

information of this study including findings from the literature review. 
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Chapter 3:  Background 

 This chapter provides background information from an extensive literature 

review which provided support in developing research objectives, research 

hypotheses, and research methodologies.  The literature review concentrated on 

topics related to organizational implementation, including barriers to research 

implementation and knowledge management.  The CII Implementation Model and 

the CII Knowledge Structure served as the bases in developing a survey 

instrument for this study and their detailed descriptions are followed by an 

introduction of CII and the CII ISC, which sponsored this study.  In addition, 

findings from existing research on knowledge implementation, including previous 

CII research are summarized. Knowledge management and its implications on 

organizational success are presented in Section 3.7, along with its relationship to 

organizational implementation issues.  Lastly, the Malcolm Baldrige National 

Quality Award (MBNQA) is also briefly reviewed since there are similarities 

between this study and the award in that both try to evaluate an organization itself 

rather than evaluate at a lower level of business development. 

3.1 CONSTRUCTION INDUSTRY INSTITUTE (CII) 

CII, which sponsored this study, is a research organization that was 

formed in October 1983 with the mission of improving the competitiveness of the 

construction industry (CII, 2001).   

The 28 charter members were responding to the recommendations from a 

study by The Business Roundtable during its Construction Industry Cost 
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Effectiveness (CICE) Project. That five-year study of the industry and its 

problems specifically recommended that an organization be created to take a 

leadership role in construction research. The CICE participants included more 

than 250 industry leaders, practitioners, and academicians. They recognized this 

particular recommendation as an opportunity for companies and academia to work 

together for the improvement of the industry (CII, 1998). 

As a unique consortium of owners, contractors, and academia, CII has 

produced many research products to help its member organizations find better 

ways of planning and executing capital facility projects.  Member organizations 

staff CII research teams to provide guidance for specific research activities which 

are conducted in conjunction with different universities. 

CII has established over 85 research teams  working in collaboration with 

over 30 research universities since its initiation at The University of Texas at 

Austin in 1983 and its effort has resulted in over 250 publications. CII research 

has for the most part focused on project management practices in many areas.  

The publications are offered to the construction industry to benefit the CII 

member companies and the industry itself by disseminating findings from various 

research activities. 

CII has also identified the importance of implementation of this research 

and has organized the Implementation Strategy Committee (ISC) which 

concentrates on the implementation of CII knowledge.  To start off the 

implementation process, CII recommends that all CII research teams write an 

implementation resource which provides a summary of how to implement the ir 
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research product in the real world.   However, each implementation resource 

typically focuses on only one process, and it has been difficult to measure the 

implementation effort at the organization level.  There are many critical factors 

that affect the success of construction projects and each research product typically 

focuses on only one aspect of project management.  In order to gain maximum 

benefit from research products, it would be beneficial for organizations to have a 

method to assess their knowledge implementation level by identifying areas in 

which they are excelling, or on which they need to put more emphasis, and on 

ways to improve those areas.   

3.2 CII IMPLEMENTATION STRATEGY COMMITTEE (ISC) 

CII has addressed implementation as being one of six distinctive core 

competencies in its strategic plan (CII, 2001): 

CII is implementation driven. CII acts as a focal point for 

collecting from the worldwide construction industry state-of-the-

art concepts and practices for improving the quality and the cost 

effectiveness of the capital investment process. CII is the key in 

adding value and distributing this knowledge for the benefit of the 

members. CII continuously seeks to support adoption and 

implementation of best practices by the members. 

In order to facilitate effective implementation of CII products and to 

overcome implementation barriers, the CII ISC was formed as a standing 

committee in late 1995 to address this core value.  One of its first tasks was to 
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develop an ‘Implementation Model’ to assist organizations wishing to implement 

CII products.   

The CII Implementation model contains a foundation and nine 

recommendations for an organization to pursue in implementing best practices.  

This Implementation Model will be discussed in the next section.  

The CII ISC (through CII) has continuously tried to improve the 

implementation process of CII products.  The ISC published two documents (CII 

Implementation Resource (IR) 42-2, Research Summary (RS) 42-1) in 1995 that 

were intended to provide guidelines for identifying CII Best Practices and the 

barriers encountered when implementing them.  The ISC also formed both off-

line and on- line user groups for major CII Best Practices so that users could share 

their experience and lessons learned to improve implementation efforts and to 

amplify the benefits achieved.  The PDRI Virtual Users Group (VUG) 

(http://www.cii-pdri.org) is a good example of an effective user group that was 

developed by the CII ISC.  The CII Implementation Champion (IC) program was 

also initiated by the CII ISC and the committee hosts a workshop biannually to 

discuss issues surrounding implementation with ICs. 

Furthermore, the CII Knowledge Structure has recently been developed by 

the CII ISC Knowledge Team to organize CII knowledge and products.  By using 

the CII Knowledge Structure, organizations can easily find the right products 

according to their needs.  It also provides an official list of CII Best Practices and 

a process of screening CII Best Practices.  Detailed descriptions of the CII 

Knowledge Structure Development process are provided later in this chapter.  The 
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CII Knowledge Structure, along with the CII Implementation Model, served as a 

basis for the survey development for this study. 

3.3 CII IMPLEMENTATION MODEL 

The CII implementation strategy supports comprehensive, effective use of 

proven CII products by member organizations and the industry in general.  

Implementation of CII Best Practices is driven by the member organizations and 

supported by CII. Upon joining CII, each member organization makes a strong 

commitment to improve its business performance through the adaptive use of CII 

products.  It is recommended that all CII member organizations use the model to 

craft their implementation efforts (Kim and Gibson, 2001). To help member 

companies effectively implement CII products, including best practices, the CII 

ISC has developed an Implementation Model that specifies the steps of 

implementing a CII product as illustrated in Figure 3.1.  These steps follow the 

traditional plan-do-check-act continuous improvement model.  The foundation 

and nine building blocks of the implementation model are as follows: 



 43 

 

Figure 3.1  CII Implementation Model 

1.  A Foundation of CII Products, Support, and Benchmarking and Metrics 

Data.   CII products include implementation resources, research summaries 

and educational materials that can be used to assist individuals and 

organizations in process improvements.  The products, those that are including 

CII Best Practices, are discussed in more detail in the next section.  CII also 

provides support programs such as staff assistance, the experienced user 

program, and periodic Implementation Champion Workshops to facilitate 

implementation within and across CII member organizations.  The CII 

BM&M program provides project performance and practice use metrics to 
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assist organizations in understanding improvement opportunities and the 

benefits that result from the use of CII practices. 

2. Corporate Commitment.  Any effective corporate implementation effort 

must begin with a clear and strong management commitment to improve.  

This commitment may include: 

• A statement from the leadership that clearly informs employees what 

the company expects relative to implementation of CII Products. 

• Directives to implement specific CII Products into existing processes, 

procedures and practices within the company. 

• Evaluation of efforts to accomplish or support the implementation of 

CII Best Practices by incorporating these goals into employee 

performance reviews with specific usage targets. 

• Use of the Implementation Model as a guide. 

3. Corporate Implementation Champion (IC).  A corporate implementation 

champion is selected by the leadership, and is provided support and resources 

to guide and direct implementation of CII products to maximize corporate 

benefits.  Essential duties of the IC include: 

• Providing the leadership to identify the greatest corporate 

improvement needs and the resources to achieve maximum benefits 

through implementation of CII Best Practices.  

• Facilitating communication of implementation benefits, successes, and 

opportunities. 



 45 

• Spreading knowledge by enhancing the awareness and availability of 

CII Best Practices within the organization. 

• Accomplishing objective measurement of the results of using CII Best 

Practices. 

4.  Self Audit.  Self audits should be performed periodically with the corporate 

leadership to determine the practices that are done well and those that are 

done poorly in order to identify opportunities for improvement.  Self audit 

includes: 

• Determine which CII Products have been implemented and the degree 

to which each has been implemented. 

• Use tools to make the self-auditing process efficient and consistent. 

(e.g., CII IR 166-3, Implementation of CII Best Practices – Summaries 

and a Self-Assessment Toolkit). 

5. Implementation Plan & Goals.  In order to implement CII products 

effectively, an implementation plan should be developed and target goals set 

to measure success.  The plan and goals should: 

• Be based on corporate vision, identifying specific corporate goals for 

the use of CII Best Practices. 

• Select strategies and formulate specific implementation steps. 

• Focus on integrating CII Best Practices into company processes, 

procedures and culture. 

6.  Review Boards/Product Champions.  In order to determine which practices 

and products to adopt, an internal review board facilitates corporate review of 
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CII and other practices. Based on an understanding of the organization, its 

goals and culture, the board makes recommendations for adoption of selected 

practices. Product champions are then assigned to facilitate the 

implementation of the specific product.   

The Review Board: 

• Determines which CII Best Practices (or other practices) are applicable 

to their company. 

• Recommends specific CII Best Practices for application within the 

company’s business process for capital development projects. 

The Product Champion: 

• Is selected early in the review process to facilitate the understanding of 

a CII Best Practice. 

• Frequently serves as the overall manager of the implementation 

process for the selected CII Best Practice. 

7.  Product(s) Training.  Effective implementation must be accompanied by 

training developed specifically for the practice to be implemented.  This 

training should: 

• Provide knowledge necessary for successful implementation, including 

information on company specific processes and practices. 

• Include all key stakeholders of the project team(s) selected to 

implement the Best Practice. 

• Use CII resources available to support training. 

• Be adequately resourced to achieve the implementation goal. 
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8.  Product Implementation.  Next, the product/practice must be implemented.  

It is recommended that this occur on a pilot application basis on one or more 

projects with a good mechanism for measurement.  Recommendations 

include: 

• Select CII Best Practices for implementation based on potential for 

improvement in your organization or project. 

• Identify possible barriers and plan the necessary enablers to counter 

any barriers. 

• Provide leadership, communication, resources and support to make 

sure that the effort is a fair test of the product or practice. 

9.  Measure Results.  As in the case of implementation of any new tool, 

technique, or product, results must be measured to make sure that the effort is 

worthwhile.  Suggestions include: 

• Use the same techniques that were used during the self audit. 

• Measure both utilization of Best Practices and impact of use. 

• Participate in surveys conducted by CII BM&M Committee or others – 

the results will give comparison of its organizational efforts with those 

of other member organizations. 

10. Celebrate Success.  To effectively integrate the practices into the 

corporate culture and to inculcate a culture of implementation, celebration of 

success is an effective tool.  Recommendations include:  

• Recognize and publicize successes in the implementation process in 

order to reinforce the usefulness of the process. 
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• Use media such as newsletters, intranet sites, team meetings, and 

organizational process documentation to get the word out. 

Systematically applying these building blocks and using the solid 

foundation of support that CII provides will improve the organizational 

implementation efforts.  The next section will outline CII products under the CII 

Knowledge Structure that can provide an excellent starting point to organizations 

for their implementation efforts.  It should be noted that the Knowledge Structure 

was used extremely in performing this research investigation and thus it is 

presented in detail in this dissertation.  

3.4 CII KNOWLEDGE STRUCTURE 

CII has conducted much valuable research since its initiation in 1983.  In 

spite of the tremendous potential of many of its findings, implementation of CII 

products has been somewhat disappointing.  Barriers exist, and CII has worked to 

identify barriers that inhibit innovation and change and contribute to slow 

industry progress (CII 1995).   

In spite of on-going efforts to improve implementation of CII products, 

many CII member organizations are still struggling to apply CII products on real 

world projects.  It is especially hard for a new member company to identify 

appropriate ‘Best Practices’ from CII and guidelines on how to implement them.  

In addition, many have defined CII Best Practices in different ways even among 

CII member organizations.  Until recently, there was no ‘official’ list of CII Best 

Practices. Thus, the need for a process to identify CII Best Practices was recently 

identified as a key development objective by the CII ISC.  
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To resolve this problem and increase the level of implementation of CII 

products, the CII ISC suggested the need for developing a well-organized 

structure of CII knowledge.  As a result, the CII Knowledge Structure was 

developed in order to support increased implementation.  All products developed 

by CII are included in this knowledge structure including research documents, 

videos, education modules, and benchmarking reports.  

3.4.1 CII Knowledge Structure Development Process 

In 1998, the CII ISC identified the need to categorize CII studies and 

products in order to facilitate understanding and the selection of individual 

practices for implementation.  A sub-committee named CII Knowledge Team was 

formed with representation from CII standing committees and the CII Knowledge 

Structure was born through a series of meetings in 1998 and 1999.  As interest in 

the CII Knowledge Structure grew, the Knowledge Team was enriched by adding 

more team members from industry, academia, and CII committees, as well as CII 

staff.  The CII Knowledge Structure is the overall body of CII knowledge 

arranged in topological form.  It provides an easy mechanism for finding and 

using CII products.  The development process of the Knowledge Structure is 

shown visually in Figure 3.2. 

The author actively participated in the development of the CII Knowledge 

Structure as a CII Knowledge Team member and provided administrative support 

throughout the development process.  His contributions include a review of 

related literature, preparation of all the related figures presented in this chapter, 

and the knowledge structure breakdown document given in Appendix D, which 
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provided a basis for the finalized CII Knowledge Structure.  A complete list of 

CII Knowledge Team members is available in Appendix E.   

 
CII Knowledge Team Formed

(ISC Sub Committee)

Preliminary Structure
Developed

Knowledge Structure
Finalized

CII Products
Categorized

Best Practices Screening
Process Developed

CII Product Catalog Revised

Brainstorming

Literature Reviews

CII Product Infomation

Refined through several
meetings

Feeback from Other
Committees

Review Sales Records

Review CII Products

Needed information to Classify
Focus Areas

Inputs from Other Committees

Inputs from Academia and
Industry

Restructured the Catalog

Finalized Knowledge Structure

Terminologies Defined
 

Figure 3.2  CII Knowledge Structure Development Process 

As one of the first steps in the development effort, the team looked at 

existing literature related to the knowledge structure.  The Project Management 

Body of Knowledge (PMBOK) developed by Project Management Institute (PMI) 

was one of the first documents reviewed since it contains a knowledge structure 

which organizes project management related knowledge.  PMBOK is defined as 

“the sum of knowledge within the profession of project management, which 

includes knowledge of proven traditional practices that are widely applied, as well 

as knowledge of innovative and advanced practices that have seen more limited 

use, and includes both published and unpublished material” (PMI 2000).  
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PMBOK consists of nine knowledge areas which are further broken into 39 

subdivisions.  As shown in Table 3.1, PMBOK is project-specific as well as 

management oriented.  Although the knowledge structure established by PMI was 

helpful in identifying some of the categories in the CII Knowledge Structure, it 

was not used as a basis since the target industries of each are different and the CII 

research covers much broader areas than project-specific and project management 

related issues, including both organizational and globalization issues.   

After several initial meetings, a preliminary structure of the CII 

Knowledge Structure was developed based on the findings from an extensive 

literature review and thorough discussion among the Knowledge Team members.  

The preliminary structure was started from a one- level structure containing 13 

different groupings which were later called ‘Knowledge Areas’.  A Knowledge 

Area is defined as a logical grouping of CII topical areas. This structure was 

refined through several meetings based on the comments from various sources 

including CII committees.  A few knowledge areas were dropped, merged, or 

replaced with new ones during a review period before the team agreed on the 

finalized 13 Knowledge Areas.  Once the 13 Knowledge Areas were identified, 

Focus Areas were added under each Knowledge Area where CII publications 

were actually categorized.  
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Table 3.1  Overview of PMBOK (PMI 2000) 

Knowledge Area Subdivisions  
1. Project Integration 
    Management 

1.1. Project Plan 
       Development 
1.2. Project Plan Execution 

1.3 Overall Change Control 

2. Project Scope 
    Management 

2.1 Initiation 
2.2 Scope Planning 
2.3 Scope Definition  

2.4 Scope Verification 
2.5 Scope Change Control 

3. Project Time 
    Management 

3.1 Activity Definition 
3.2 Activity Sequencing 
3.3 Activity Duration 
      Estimating 

3.4 Schedule Development 
3.5 Schedule Control 

4. Project Cost 
    Management 

4.1 Resource Planning 
4.2 Cost Estimating 

4.3 Cost Budgeting 
4.4 Cost Control 

5. Project Quality 
    Management 

5.1 Quality Planning 
5.2 Quality Assurance 

5.3 Quality Control 

6. Project Human 
    Resource  
    Management 

6.1 Organizational Planning 
6.2 Staff Acquisition 

6.3 Team Development 

7. Project  
    Communications 
    Management 

7.1 Communications 
      Planning 
7.2 Information distribution 

7.3 Performance Reporting 
7.4 Administrative Closure 

8. Project Risk 
    Management 

8.1 Risk Management 
      Planning 
8.2 Risk Management  
      Identification 
8.3 Qualitative Risk  
      Analysis 

8.4 Quantitative Risk 
      Analysis 
8.5 Risk Response Planning 
8.6 Risk Monitoring and 
      Control 

9. Project Procurement 
    Management 

9.1 Procurement Planning 
9.2 Solicitation Planning 
9.3 Solicitation 

9.4 Source Selection 
9.5 Contract Administration 
9.6 Contract Closeout 

Core terminology was also defined concurrently with completion of the 

CII Knowledge Structure development, which was subsequently approved by the 

CII Executive Committee.  Associated terminology is provided in Table 3.2.   
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Table 3.2  Definition of Terms in CII Knowledge Structure  

Term Definition 
Knowledge Structure  Overall body of CII knowledge arranged in 

topological form. 
Knowledge Area Logical grouping of CII topical areas.  Knowledge 

Areas reflect project phases or construction issues. 
Focus Area A distinct area of CII research emphasis that has 

lead to research publications/products. A Focus Area 
is further categorized as either a CII Best Practice, 
CII Best Practice – Pending Validation, or 
Information Area. 

Best Practice A process or method that, when executed 
effectively, leads to enhanced project performance. 

Proposed Best Practice – 
Pending Validation 

A process or method that may become a CII Best 
Practice, but has not yet completed the validation 
process 

Information Investigation results that provide findings and/or 
reports, but do not provide processes or methods 

Tool A product supporting implementation that requires 
user interaction and results in decisions, conclusions 
and/or outcomes. 

Reference Source or background materials that provide 
information about the topic including research 
reports and video.  Research Reports typify CII 
Products that are considered References. 

Supporting Product Summaries of research or educational materials that 
support implementation or understanding of the 
subject.  Research Summaries predominate under 
this classification.  

 Once the structure was finalized, the Knowledge Team members started to 

categorize individual CII products under the CII Knowledge structure.  This 

process involved reviewing over 250 CII publications including their sales record, 

age, topic, etc., and the process lasted for over six months.  Due to the sheer 

volume of the materials that needed to be reviewed, each member took the 

responsibility for reviewing a certain number of materials. After reviewing, each 
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member reported and made recommendations to the team at the next meeting. All 

recommendations were discussed and reviewed again during the meeting as a 

team before designations of the publications were determined.  

The process of placing CII publications within the CII Knowledge 

Structure involved five steps as summarized in Figure 3.3.  The first step was to 

locate the product within the Knowledge Structure by evaluating fit within 

existing Knowledge Areas or identifying a new Knowledge Area, which is very 

rarely done.   Then, the product is placed under an existing Focus Area or a New 

Focus Area within the Knowledge Area.   If there was an existing Focus Area 

where related research had been conducted, the product was placed under the 

same Focus Area; otherwise, a new Focus Area was created as a distinct area of 

CII research emphasis.   

The third step of the process involved the determination of product type.  

There were three different product types identified including Tools, Supporting 

Products, and References, and their definitions are provided in Table 3.2.  If the 

product contained method(s) or a process that could assist organizations in actual 

implementation, it was considered as a tool.  A research product containing a 

summary of research or education material was considered a supporting product.  

Products providing a source or background materials about a specific topic are 

categorized as references.  

Once the type of the product was determined, the next step was to 

determine the currency of the product.  All products belonged to one of the three 

categories in terms of their currency and validity.  The three categories included 
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are ‘Current’, ‘Non-Current but Best-Available’, and ‘Archived/Superceded’.  If 

the product was produced within the last five years and the content was applicable 

to the industry, it was considered as ‘Current’.  If the product was more than five 

years old but still contained valid information at the time of evaluation, the 

product was considered as ‘Non-Current but Best-Available’.  Finally, products 

that were outdated or had been replaced by more recent publications were 

considered as ‘Archived/Superceded’.   

The last step of this product categorization process was to determine the 

classification of the Focus Area in which the product was placed.  Based on the 

characteristics of products and information available in a Focus Area, it was 

classified either as a ‘CII Best Practice’, ‘CII Proposed Best Practice – Pending 

Validation’ or ‘Information Area’.   Definitions of each of these categories are 

provided in Table 3.2 and the process of screening a Focus Area to determine its 

category is provided in Figure 3.4.  Categorization of all the CII products was 

completed by following the process illustrated in Figure 3.3 and outputs of this 

process are summarized in Appendix D, which comprises a list of all CII products 

with their CII Knowledge Structure breakdown information.  During the course of 

this development effort, the author coordinated changes and documented their fit 

into the CII Knowledge Structure.  
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Step 1: Is there a Knowledge Area
in which a product fits?

Place the product under the
identified Knowledge Area

Create a new
Knowledge Area

Step 2: Is there a Focus Area
in which a product fits?

YES

NO

Create a new
Focus Area

NO

Place the product under the
identified Focus Area

YES

Step 3: Determine the type of the Product: Is it a
Tool, Supporting Product or Reference?

Use the
Terminology Table

Step 4: Determine the Currency of the Product: Is
it ‘Current’, ‘Non-Current but Best-Available’ or

‘Archived/Superceded’?

Step 5: Classify the Focus Area: Is it a ‘CII Best
Practice’, 'CII Proposed Best Practice - Pending

Validation’, or ‘Information’?

Use the Best Practice
Screening Process

 

Figure 3.3 CII Product Categorization Process 
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CII Focus
Area

CII Best
Practice

Defined Process / Method
- Steps and activities

NO

Comprehensive and overwhelming
research study/finding

NO

CII Proposed
Best Practices

(Pending
Validation)

NO

Information

Validation through (one of three)

 BM&M
Validation

  Member
Acceptance,

Use, and
Validation

Rigorous Post-
Research
Validation

 

Figure 3.4  CII Best Practice Screening Process 
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The best practice screening process starts with investigating whether a 

Focus Area includes a defined process or a method that describes steps and 

activities that have been published in CII documents.  If not, the Focus Area is 

categorized under ‘Information’.  If it includes a process or method, the question 

of whether there has been comprehensive and overwhelming research study is 

examined.  If the answer is no, it also falls under ‘Information’.  To become a CII 

Best Practice, it has to be validated through either one of three criteria.  If it 

passes any one of these criteria, then it is considered a CII Best Practice.  Three 

ways of validating products are: 

1. Benchmarking and Metrics (BM&M) validation 

2. Member acceptance, use and validation 

3. Rigorous post research-validation 

If a Focus Area fails to pass this step, it is categorized under ‘CII Proposed 

Best Practice – Pending Validation’.  All Focus Areas falling into this category 

may become a ‘CII Best Practice’ or move back to the ‘Information’ category 

based on an annual review.   

It is important to note that the three categories, CII Best Practices, CII 

Proposed Best Practices—Pending Validation, and Information Knowledge Areas 

are related to the extent of development and usage within CII. This 

characterization does not diminish the importance of any of the Focus Areas that 

have been identified.  Indeed, each area has been the subject of at least one CII 

research investigation. 
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3.4.2 Organization of the CII Knowledge Structure  

The CII Knowledge Structure consists of 13 Knowledge Areas at the 

highest level.  A Knowledge Area is defined as a logical grouping of CII topical 

areas and may be a project phase or specific topic, or project management 

techniques or issues.  The 13 CII Knowledge Areas are: 

• Front-End Planning 

• Design 

• Procurement 

• Construction 

• Startup and Operation 

• People 

• Organization 

• Project Processes 

• Project Controls 

• Contracts 

• Safety, Health and Environment 

• Information/Technology Systems 

• Globalization Issues 

Each Knowledge Area is further broken into Focus Areas and supported 

by CII products as illustrated in Figure 3.5.  A Focus Area is defined as a distinct 

area of CII research emphasis that has led to research publications/products.  All 

existing CII products including research summaries, research reports, 

implementation resources, education modules, benchmarking publications, and 
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videotapes are categorized into appropriate Focus Areas under the CII Knowledge 

Structure.  

As discussed earlier, each Focus Area is generally supported by tools, 

supporting products, and/or references. Tools are products supporting 

implementation that requires user interaction and result in decisions, conclusions 

and/or outcomes.  Supporting Products are summaries of research or educational 

materials that support implementation or understanding of the subject.  Research 

Summaries predominate under this classification. References include source or 

background materials that provide information about the topic including Research 

Reports and videos.  Research Reports typify CII Products that are considered 

references.  Based on the characteristics and intensity of the previous CII research 

efforts within a Focus Area, the area may or may not contain all three kinds of 

publications. 

A Knowledge
Area

Focus Areas

Tools
Supporting
Products References

 

Figure 3.5  Base Structure of CII Knowledge Structure  
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Among the Focus Areas identified, some are more often implemented by 

CII member companies than others.  Accordingly, it can be assumed that those 

practices that are commonly utilized typically have greater impact on 

organizational success, at least at present.  Therefore, three categories of Focus 

Areas were established based on product support, usage, and impact.  

As discussed earlier, each Knowledge Area is sub-divided into Focus 

Areas that include Best Practices, Proposed Best Practices – Pending Validation, 

and Information.  A CII Best Practice is defined as a process or method that, when 

executed effectively, leads to enhanced project performance.  Each Best Practice 

is generally considered a macro- level process and may have many 

associated/recommended tasks or steps. A CII Proposed Best Practice—Pending 

Validation is defined as a process or method that may become a CII Best Practice, 

but has not yet completed the validation process.  An Information Focus Area 

includes investigation results that provide findings and/or reports, but do not 

provide processes or methods. To determine which Focus Area falls into one of 

these three areas, the Knowledge Team developed the Best Practice Screening 

Process that outlines the method of qualifying best practices.  This process is 

explained earlier with Figure 3.4. 

Each of the Best Practices and Proposed Best Practices – Pending 

Validation are supported by tools, products, and references while each 

Information Focus Area is supported by products and references.  In order to 

implement the Best Practices, an organization must have access to and an 

understanding of the associated tools and products. Figure 3.6 graphically 
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illustrates the structure of the CII Knowledge Structure.  Each of the 13 

Knowledge Areas is supported by Focus Areas that are further supported by tools, 

products, and/or references.   

 

CII Knowledge
Area (KA)

CII Best
Practices

CII Proposed
Best Practices - Pending

Validation Information Areas

� Tools

� Supporting Products

� References

� Tools

� Supporting Products

� References

� Supporting Products

� References

 

Figure 3.6  CII Knowledge Structure, Breakdown of Focus Areas 

Figure 3.7 gives an example of one of the 13 Knowledge Areas, Front-End 

Planning.  Within each Focus Area, the products are listed in reverse 

chronological order; that is, the most recently published material is listed first, 

followed by older materials, in order of publication.  If an organization wishes to 

implement pre-project planning, for instance, the tools are listed first including 

process maps, checklists, etc., followed by research summaries and education 

materials and then any research report and videos. The Implementation Champion 

or Product Champion can quickly ident ify useful information to assist with 

incorporation of the Best Practice by effectively utilizing the Knowledge 

Structure. 
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1. Front-End
Planning (CII

Knowledge Area)

1.1 Pre-Project
Planning (CII
Best Practice)

1.2 Alignment (CII Best
Practice)

1.3 Early
Estimating (CII
Proposed Best Practice
- Pending Validation)

� Tools
-  IR 155-2, IR 113-2, SP 39-2

� Supporting Products
- RS 113-1, RS 39-1, EM 39-21,
EM 39-20

� References
- RR 113-11, SD-105, SD-102,
SD-94, SD-45, VC-605, VC-601,
VC-510, VC-410

� Tools
- IR 113-3

� Supporting Products
 - RS 113-1, RS 12-1, EM 113-
21

� References
- RR 113-12

� Tools
- IR 131-2, IR 131-3, IR 131-4

� Supporting Products
- RS 131-1

� References
- VC-803

 
* Legend:   SP/IR:  CII Special Publication or Implementation Resource  

RS:   CII Research Summary 
SD/RR: CII Source Documents or Research Reports 
EM:  CII Education Module 
VC:  Video Cassette 

Figure 3.7  Example Knowledge Area: Front-End Planning 

As of March 2002, the CII Knowledge Structure had 13 Knowledge Areas 

which were broken into 51 Focus Areas: 11 CII Best Practices, 13 CII Proposed 

Best Practices – Pending Validation, and 27 Information Areas as summarized in 

Table 3.3.  CII Best Practices identified to date are: 

• Pre-Project Planning 

• Alignment 

• Constructability 

• Design Effectiveness 

• Materials Management 
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• Team Building 

• Partnering 

• Quality Management 

• Change Management 

• Disputes Resolution 

• Zero Accidents Techniques 

The Knowledge Structure will be reviewed annually and revised as 

appropriate by the Knowledge Committee, which was launched as a standing 

committee to maintain the CII Knowledge Structure. (Note: the author and his 

supervising professor are charter members of this team.) More information 

regarding this committee is provided in the next section.  The revised structure 

will be maintained as the CII Catalog on the World Wide Web (WWW) at 

www.construction- institute.org. It is envisaged that the fundamental overall 

structure will remain the same and only the details will change over time. 
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Table 3.3  CII Knowledge Structure Summary (As of March 2002) 

Knowledge Areas  Best Practices Proposed Best Practices Information 
1. Front-End Planning 1.1 Pre-Project Planning 

1.2 Alignment 
1.3 Early Estimating 
 

 

2. Design 2.1 Constructability 
2.2 Design Effectiveness 

See 8.6, 5.2, 11.3 See 12.3 
2.3 Piping Design 
2.4 Design Standards 
2.5 Cost Effective Engineering 

3. Procurement 3.1 Materials Management,  
 

 3.2 Supplier Relationships 
See 12.1 

4. Construction See 1.2, 2.1, 3.1, 7.1, 7.2, 
8.1, 9.1, 10.1, 11.1 

See 5.1, 6.1, 6.2, 7.4, 8.2, 
8.3, 10.2, 8.6 

4.1 Competition 
See also 3.2, 6.3, 6.4, 6.5, 8.4, 
8.5, 9.2, 9.3, 10.3, 10.4, 10.5, 
10.6, 12.1, 12.2, 12.3, 12.4, 
12.5, 12.6, 13.1, 13.2 

5. Startup and 
Operation 

 5.1 Planning for Startup  
5.2 Design for 
Maintainability 

 

6. People   6.1 Employee Incentives 
6.2 Management of 
Education and Training 

6.3 Attract & Maintain Skilled 
Workers 
6.4 Craft Productivity 
6.5 Multi-Skilling 
6.6 Engineering Productivity 
Measurement 

7. Organization 7.1 Team Building 
7.2 Partnering 

7.3 Organizational Work 
Structure 
7.4 Leader Selection 

7.5 Project Teams 
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Table 3.3  CII Knowledge Structure Summary (As of March 2002) – Cont’d 

Knowledge Areas  Best Practices Proposed Best Practices Information 
8. Project Processes 8.1 Quality Management 8.2 Implementation of 

Products 
8.3 Lessons Learned 
8.6 Work Process Simulation 

8.4 Small Projects Execution 
8.5 Benchmarking and Metrics 

9. Project Controls 9.1 Change Management  9.2 Work Packaging 
9.3 Cost & Schedule Control 

10. Contracts 10.1 Disputes Resolution 10.2 Managing Workers’ 
Compensation 

10.3 Project Delivery 
Strategies 
10.4 Contract Strategies 
10.5 Use of Project Incentives 
10.6 Risk Management 

11. Safety, Health, and 
Environment 

11.1 Zero Accidents 
Techniques 
 

11.2 Environmental 
Remediation Management  
11.3 Design for Safety 

11.4 Annual Safety Data 

12. Information 
Management / 
Technology Systems 

  12.1 Automated Identification 
12.2 Electronic Data 
Interchange (EDI) 
12.3 Computer-Aided 
Design/Drafting 
12.4 FIAPP 
12.5 Wireless Technology 
12.6 Automation and Robotics 

13. Globalization Issues   13.1 International Standards 
13.2 Global Construction 
Industry 
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3.4.3 CII Knowledge Committee 

In order to maintain and update the CII Knowledge Structure, the 

Knowledge Committee was newly organized in January 2002 as the successor to 

the Knowledge Team that deve loped the CII Knowledge Structure.  Members of 

the committee, which provided in Appendix F1, included representatives of the 

Strategic Planning, Research Implementation Strategy, Education, and 

Benchmarking Committees in CII, and two members from CII member 

organizations at large (CII, 2002).  It is expected that the Knowledge Committee 

will meet at least once per year, preferably in early January, to review the CII 

products from the previous year and to make decisions about the category 

designations and the currency of products represented in the Knowledge 

Structure.   The committee will also review the organization of the Knowledge 

Structure and make changes to it if necessary.  The defined role of this newly 

commissioned CII committee is below: 

The Knowledge Committee’s role is to continue the development of the CII 

Knowledge Structure, and to maintain the currency of the Knowledge 

Structure organization and content. The Knowledge Structure is important 

because it provides a synthesis of the total knowledge produced by CII and 

serves to guide the users of CII knowledge to applicable information.  The 

Knowledge Structure also provides a guide in the selection of topics for 

research and subsequent application of the CII-developed knowledge. 

The Knowledge Committee had its first meeting in January 2002 to review 

the products published in 2000 and 2001.  Based on the discussions at the first 



 68 

meeting and also from two follow-up telephone conference calls made after the 

meeting, the Knowledge Committee categorized all the recently published 

products and made necessary changes to the Knowledge Structure.   As a result, 

three Focus Areas were added to the structure, and titles of a Knowledge Area and 

two Focus Areas were modified. These changes are reflected in Table 3.3.  

Appendix F2 contains the working documents that the committee used to 

categorize the recently produced CII publications.  

3.5 CII BENCHMARKING & M ETRICS COMMITTEE 

In addition to the CII ISC’s effort, the CII Benchmarking Metrics 

(BM&M) committee has collected project performance data and analyzed the 

impact of using CII Best Practices in order to facilitate implementation efforts 

within CII member organizations.  The CII BM&M database consists of over 

1000 projects representing approximately $54.2 billion in cost as of March 2002 

(CII, 2002).  The BM&M effort also helps to improve the level of implementation 

by proving the benefits of using specific best practices.   However, their effort has 

been focused on the individual project level and very little work has been done at 

the organizational level.  This study is envisioned to supplement the CII BM&M 

committee’s effort by filling in the gap of assessing organizational 

implementation. The survey instrument developed for this study is planned to be 

used by the BM&M committee as a way of measuring organizational 

implementation. 

Individual project performance data from the BM&M database was also 

used in validating the CKII, which quantifies an organization’s implementation 
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status. Identifying the positive relationship between the organizational 

implementation effort and project performance data would help organizations to 

understand the importance of implementation.  Detailed information regarding the 

relationship between organizational implementation and BM&M data is provided 

in Chapter 7.  

3.6 BARRIERS TO AND FACILITATORS OF IMPLEMENTATION 

In order to identify the issues that need to be addressed to increase the 

level of organizational implementation, an extensive literature review was 

conducted to evaluate the findings from previous research studies related to the 

implementation.  In the course of the literature review, barriers to and facilitators 

of implementation emerged as two areas that are closely related to this study.  A 

previous CII research study regarding implementation issues as well as similar 

studies done in other industries are summarized in this section. 

3.6.1 CII Implementation Study 

CII organized the Barriers to Implementation Research Team in 1994 to 

identify and study the impacts of barriers to implementation of CII products, to 

determine reasons for their existence, and to overcome the barriers to gain the 

maximum benefits from implementation (CII, 1995).  The team’s effort focused 

on the barriers to implementation. Furthermore, it studied strategies for effective 

implementation and identification of visible CII practice use at the project level.   

Data collected to conduct the study was taken from 22 industry projects ranging 

in size from $2 million to $600 million.  The data collection methods included a 

survey and interviews of the owner, designer, and construction managers.  CII 
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membership participation data was also used in conjunction with the data 

collected from the survey and interviews.   Although the scope of the study was 

focused on the project level, many of its findings turned out to be relevant to 

organizational implementation.   

The study identified existing implementation barriers which inhibit 

innovation and change and also contribute to slow industry progress (CII, 1995).  

Identified main barriers to implementation include: 

• Low familiarity with best practices 

• Lack of commitment to best practices 

• Limited emphasis on training and education of best practices 

• Failure to integrate new ideas and recommendations into company 

procedures 

• Limited benchmarking of costs and benefits 

• Lack of innovation within the industry due to risk aversion 

In addition to the barriers listed above, the team also identified a long list of 

implementation barriers which fit into the following five categories. 

• Management Leadership – Leadership, commitment, resources 

• Organizational Culture – Corporate value systems and work 

environments 

• Education and Training – Development of the individual and 

information 

• Performance Data – Quality measurements and improvements 

• Communication – Sharing knowledge, experience, and benefits 
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• Planning – Plans and objectives for implementation and results 

The barriers identified in the study were utilized extensively for the development 

of the implementation themes and the survey instrument which will be described 

in Section 2.1 and 3.9, respectively. 

The barriers team also measured the implementation level of 13 CII 

“concepts” as shown in Figure 3.8.  Note that the analysis was done at the 

individual project level and information provided in Figure 3.8 contains 

comparison of aggregated data from all the projects.  This information is 

compared with the findings about the CII Best Practices implementation in 

Chapter 7. Additional information regarding the Barriers study is available in CII 

references including IR42-2, RS 42-1 and RR 42-11. 

 

 

Figure 3.8  CII Concept Implementation (Source: Smith 1995) 
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3.6.2 The Barriers to Research Utilization in Health Care  

Applying research findings to practice has been a challenge in the area of 

nursing for the last several decades and there have been numerous studies done to 

increase the level of research utilization.  Although a number of researchers have 

speculated the reasons for lack of research implementation in the 1980’s, the use 

of research findings in practice has not been increased by a comparable growth 

(Phillips, 1986).  Funk et al. (1991) related this problem to a lack of an available, 

appropriately specific, sound instrument with which to asses the research 

utilization level and developed the Barriers to Research Utilization Scale.  This 

scale has been used extensively by many other researchers under many different 

settings to identify the barriers that inhibit implementation of research findings.   

The Barriers Scale is comprised of 28 statements describing different 

barriers to research utilization.  The 28 items were identified from literature on 

research utilization, and from the Conduct and Utilization of Research in Nursing 

(CURN) questionnaire (Crane, Pelz, & Horsley, 1977).  Each item is rated on a 

scale from 1 to 4 reflecting the degree to which the item is perceived to be a 

barrier (1 = to no extent; 2 = to a little extent; 3 = to a moderate extent, 4 = to a 

great extent).  The survey questionnaires containing questions regarding 28 

barriers to research utilization were distributed to 5000 individuals drawn from 

the 1987 American Nursing Association (ANA) roster and 1989 completed 

questionnaires were returned with a response rate of 40 percent.  The collected 

data were analyzed to evaluate the relative importance of each barrier.  A factor 

analysis was also conducted to identify underlying dimensions or factors on the 
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Barriers instrument.  The 28 barriers to research implementation study identified 

four factors and are presented in Table 3.4.  This list was very helpful in 

developing the survey questionnaire for this study and implementation themes 

which were used in analyzing the survey results.   

Table 3.4  The Barriers Scale to Research Utilization (Funk et al. 1991a) 

Barriers to Research Utilization 
FACTOR 1. CHARACTERISTICS OF THE ADOPTER: The nurse’s 
research values, skills, and awareness 
1.  The nurse does not see the value of research for practice 
2. The nurse sees little benefit for self. 
3. The nurse is unwilling to change/try new ideas. 
4. There is not a documented need to change practice.  
5. The nurse feels the benefits of changing practice will be minimal. 
6. The nurse does not feel capable of evaluating the quality of the research. 
7. The nurse is isolated from knowledgeable colleagues with whom to discuss the 
research. 
8. The nurse is unaware of the research. 
FACTOR 2. CHARACTERISTICS OF THE ORGANIZATION: Setting 
barriers and limitations  
1. Administration will not allow implementation. 
2. Physicians will not cooperate with implementation. 
3. There is insufficient time on the job to implement new ideas. 
4. Other staff are not supportive of implementation 
5. The facilities are inadequate for implementation. 
6. The nurse does not feel she /he has enough authority to change patient care 
procedures. 
7. The nurse does not have time to read research. 
8. The nurse feels results are not generalizable to own setting. 
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Table 3.4  The Barriers Scale to Research Utilization (Funk et al. 1991a) – 
Cont’d 

Barriers to Research Utilization 
FACTOR 3.  CHARACTERISTICS OF THE INNOVATION: Qualities of 
the research 
1. The research has methodological inadequacies. 
2. The conclusions drawn from the research are not justified. 
3. The research has not been replicated. 
4. The literature reports conflicting results. 
5. The nurse is uncertain whether to believe the results of the research. 
6. Research reports/articles are not published fast enough. 
FACTOR 4. CHARACTERISTICS OF THE COMMUNICATION: 
Presentation and accessibility of the research 
1. Implications for practice are not made clear. 
2. Research reports/articles are not readily available. 
3. The research is not reported clearly and readably. 
4. Statistical analyses are not understandable. 
5. The relevant literature is not compiled in one place. 
6. The research is not relevant to the nurse’s practice. 

3.6.3 Summary of Previous Studies on Research Implementation 

As mentioned in the previous section, the Barriers scale was utilized and 

tested in various settings within the field of nursing.  Table 3.5 summarizes the 

findings from the studies that investigated obstacles to and/or facilitators of 

research implementation.  Based on the information presented in Table 3.5 and 

other findings from the literature review, implementation themes were developed 

and used to analyze the data collected for this study.  Detailed information on the 

implementation themes are provided in Section 3.7. 
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Table 3.5  Summary of Previous Studies on Research Implementation 

Source Sample Barriers to Implementation Facilitators of Implementation 
Barriers to, and Facilitators 
of, Research Utilization 
(Parahoo 2000) 

N=1368 
(53%) 

• Lack of authority 
• Insufficient time 
• Lack of management support 
• Research applicability 

• Management support 
• Time 
• Support from colleagues 
• Motivated staff 

Barriers to Research 
Implementation (Closs et 
al. 2000) 

N=712 
(36%) 

• Resources 
• Inadequate authority 
• Incomprehensible statistical 

analysis 
• Research accessibility 

 

Using Research for 
Practice (Dunn et al.  1998) 

N=316 (A 
convenience 
sample) 

• Insufficient time 
• Incomprehensible statistical 

analysis 
• Non co-operative physicians 

 

Perceptions of Barriers to 
Implementing Research 
(Walsh 1997a) 

N=58 (71%) • Ambiguous research report 
• Statistical analysis not 

understandable 
• Lack of capability to evaluate 

quality of research  

• Improved understandability of 
research projects 

• More advanced education 
• Improved availability and 

accessibility of research 
How Nurses Perceive 
Barriers to Research 
Implementation (Walsh  
1997b) 

N=141 
(76.2%) 

• Statistical analysis not 
understandable 

• Not enough authority 
• Lack of peer support 

• Improved understandability of 
research projects 

• More advanced education 
• Increased available time  
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Table 3.5  Summary of Previous Studies on Research Implementation – Cont’d 

Source Sample(%*) Barriers to Implementation Facilitators of Implementation 
Information-Seeking, 
Research Utilization, and 
Barriers to Research 
Utilization of Pediatric 
Nurse Educators (Barta  
1995) 

N=213 
(52%) 

• Inappropriate implementation 
settings  

 

Barriers to Implementation 
(Smith 1995) 

N = 22 
(projects) 

• Lack of commitment 
• Low familiarity of practices 
• Limited training and education 

• Increased familiarity with 
research products 

• More benchmarking versus 
industry average 

• Use of available 
 implementation tools 

Factors Encouraging and 
Discouraging the Use of 
Nursing Research Findings 
(Pettengill et al. 1994) 

N=543 (A 
convenience 
sample) 

• Lack of time 
• Lack of interest of nursing staff 
• Lack of support from others 

 

Barriers to Using Research 
Findings in Practice: the 
Clinician’s Perspective 
(Funk et al. 1991b) 

N=1989 
(40%) 

• Lack of authority 
• Insufficient time 
• Lack of awareness 

• Increased administrative 
support 

• Increased research 
accessibility 

* Response Rate 

 



 77 

3.7 KNOWLEDGE MANAGEMENT 

The theme of ‘Knowledge Management’ is closely related to this study 

since an effective knowledge management process should involve appropriate 

implementation of knowledge.  Knowledge has become an important key to 

effective competition (Demarest 1997, Quintas et al. 1997) and organizations 

need to implement knowledge effectively to benefit from knowledge 

management.  This section provides background information on knowledge 

management and how it is related to this study.    

3.7.1 Definition of Knowledge  

The term ‘knowledge’ has been defined and perceived in many different 

ways (Jeon 2000).  Therefore, understanding what ‘knowledge’ is will be of great 

importance in understanding knowledge management and implementation of 

knowledge at the organizational level. 

The concept of knowledge is hardly definable without relating it to other 

terms such as data and information since knowledge evolves from information, 

which in turn is developed from data (Tobin 1997).  However, Davanort and 

Prusak (1998) insisted that these terms should not be used interchangeably. They 

certainly play different roles within organizations even though they are highly 

correlated.  For instance, recently developed technologies including the World 

Wide Web (WWW) and various wireless communication devices dramatically 

increased the accessibility to various kinds of information.  However, this readily 

available information cannot be considered knowledge to organizations and in 
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fact, knowledge should be treated differently from information or data.  Tobin’s 

Knowledge Model in Figure 3.9 attempted to establish the relationships between 

information and knowledge.  

 

DATA

INFORMATION

KNOWLEDGE

WISDOM

+ Application

+ Intuition

+ Relevance
+ Purpose

 

Figure 3.9  Tobin’s Knowledge Model 

Blosch (2001) also identified problems with much of the literature in this 

area which tends to treat the knowledge as a collection of facts or information and 

‘knowledge management’ as almost identical in theme and content to that of 

‘information management’. According to his study based on pragmatism, 

knowledge should be able to underpin research and practice. Furthermore, 

meaningful knowledge is located in action or practice, which emphasizes the 

importance of implementation.   

Kogut and Zandar (1992) emphasized that knowledge is a higher concept 

than information by defining knowledge as “information plus know-how”.  

Quintas (1997) also presented a similar view that “knowledge can be seen as a 
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product of power relations and knowledge management comprises information, 

communication, human resources, intellectual capital, brands, etc.”  Thus, 

information should be transformed into knowledge which can actually solve real 

problems. Otherwise information remains less valuable within organizations.   

Therefore, knowledge is not just a collection of facts or information and it 

generally includes experiences, know- how, and best practices (Walkin 1999).  

Furthermore, Davenport and Prusak (1998) defined knowledge in a similar 

context as: 

A fluid mix of framed experience, values, contextual information and 

expert insight that provides a framework for evaluating and incorporating 

new experiences and information.  It originates and is applied in the 

minds of knowers.  In organizations, it often becomes embedded not only 

in documents or repositories but also in organizational routines, 

processes, practices, and norms. 

3.7.2 Definition of Knowledge Management 

In the previous section, definitions of knowledge were presented based on 

findings from literature. Knowledge management is a very complex concept and 

is often defined in many different ways and can be tackled from several different 

view points including socio-organizational, financial and economical, technical, 

human and legal (Barthes 1996).  Quintas et al. (1997) defined knowledge 

management in a rather general way as: “a process of continually managing 

knowledge of all kinds and requires a company-wide strategy which comprises 

policy, implementation, monitoring, and evaluation.”   
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The main objective of knowledge management in an organization is to 

increase its competitiveness and it includes promoting knowledge growth, 

knowledge communication and knowledge preservation in the organization 

(Steels, 1993).  Demarest’s definition of knowledge management is focused on its 

objectives and impacts on the organization’s economics (1997). His definition of 

knowledge management is “the systematic underpinning, observatism, 

measurement and optimization of the firm’s knowledge economics.”  Figure 3.10 

illustrates this definition by showing the sequential activities involved in 

managing knowledge. 

 

Phase 0: Subterranean Knowledge
Economics

Phase 1: Underpinned Knowledge
Economics

Phase 2: Observed Knowledge
Economics

Phase 3: Instrumented Knowledge
Economics

Phase 4: Optimized Knowledge
Economics

 

Figure 3.10  Definition of Knowledge Management (Source: Demarest 1997) 
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3.7.3 Knowledge Management/Implementation Models 

 One of the objectives of this study is to validate the CII Implementation 

Model. The model was developed in 1995 and was used as a basis for the survey 

instrument in this study as well as the development of the CII Knowledge 

Structure.  This section contains information on some of the existing knowledge 

management and implementation models and describes how this study addresses 

issues identified in those models.  The following three sub-sections focus on three 

of the existing knowledge management and implementation models in detail, 

which provided substantial background information in validating the CII 

Knowledge Structure.   However, there are other models available in the area of 

management and health care which addresses similar implementation issues as the 

ones that are reviewed extensively in this dissertation (Goode et al. 1987, Funk et 

al. 1989, Szulanski 2000, and Blosch 2001). 

3.7.3.1 Knowledge Management Process  

Clark and Staunton (1989) developed a knowledge management process 

which involves four steps as described in Figure 3.11.  The four steps of the 

knowledge management process include: 

• Construction: the process of discovering and structuring a kind of 

knowledge 

• Embodiment: the process of choosing a container for knowledge once 

it is constructed.  Typical knowledge containers are documents, 

desktop computers, and/or an intranet network. 
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• Dissemination: the human processes and technical infrastructure that 

make embodied knowledge available to people within the 

organization.  

• Use: the production of commercial value to the customers which is the 

ultimate objective of any knowledge  

The CII Knowledge structure is mainly related to the first step of the 

process, Construction, in that it organized and categorized the body of knowledge 

that CII has developed.  It also plays a role in the dissemination phase since it 

makes it easier for people to locate research products in which they are interested.  

The implementation survey developed for this study closely associated 

embodiment, dissemination and use in the knowledge management process 

although it focuses mainly on the final step in the process which is to implement  

or use knowledge.  The CII Implementation Model successfully addresses issues 

involved in embodiment, dissemination and use of knowledge.  Ellipses on Figure 

3.11 present the relationships between this study and the knowledge management 

process. 
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Figure 3.11  Knowledge Management Process  
(Source: adapted from Clark & Staunton 1989) 

3.7.3.2 Model for Research Utilization  

As discussed in Section 3.5.2, many studies have been conducted to 

increase the impact of research findings on practice in the field of nursing.  Stetler 

and Marram (1976) identified the lack of a process for using research findings as 

a main problem in this area and developed a Model for the Utilization of Research 

Findings.  The original model was developed in 1976 and had three phases of 

research utilization including validation, comparative evaluation, and decision-

making.  Since its introduction, the model has been widely cited and refined by 

follow-up studies.  In 1994, Stetler published a newly evolved process which 

comprised three more phases than the original model as illustrated in Figure 3.12.  

Factors influencing individual users of research findings were also summarized 

Construction  
(Discover and  

Structure) 

Embodiment 
(Choose a  
Container) 

Dissemination 
(Make it  

available) 

Use 
(Implement &  
Get Benefits) 

Knowledge 
Structure 

Implementation 
Model 
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concurrently with the refinement of the model and they are provided in Figure 

3.13.  The list of the factors that impact research utilization as well as the model 

itself were used as references in developing the survey instrument and 

implementation themes.   

The first phase of Stetler’s Model requires potential users to specify the 

purpose of the research review.  Whatever the purpose is, such specifications 

should enable the identification of measurable outcomes for the sixth phase, 

Evaluation.  In this study, Section 6 of the implementation survey covers this 

phase by addressing implementation plans and goals.   

The second phase involves an assessment of overall strengths and 

weaknesses of a study which results in an “accept/reject” (Stetler 1994).  In this 

study, it is assumed that CII products were validated beforehand since they 

already went through the CII Product Review Board reviews.  In addition, the 

value of 11 CII Best Practices are further proven by the CII Best Practice 

Screening process presented in Figure 3.4.    
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Study
Selection per

Purpose
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Statement of

Findings
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Delay
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     - action “test”
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 * Type:
     - cognitive
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     - symbolic
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     - group
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     - assessment / plan /
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   Procedure/ Tool
 * Position Paper /
   Rationale

Obtain:
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     - replication
     - original research
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     - audits
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       (CQI / QA)
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Decision Making
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* Method:
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Figure 3.12  Stetler Model for Research Utilization 
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� Organizational expectations /
norms

� Peer expectations / norms

� Resource availability

� Available research information

� Other available information

� Situational needs / barriers

� Values / attitudes / beliefs
* General
* Research & utilization

� Personal concerns / needs

� Research utilization
competencies  / behaviors

� Research utilization frames of
reference

� Use or non-use

� Form / content of use
* Conceptual; instrumental;
and/or symbolic
* Adoption or adaptation of
research, experiential and/or
theoretical information

� Nature of use:

Environmental Inputs Internal Throughputs User Outputs

 

Figure 3.13  System Prospective of Research Utilization (Stetler 1994) 

The third phase of the model is to determine whether the research is 

applicable and feasible to implement.  There are four sub-steps defined in this 

phase and they include fit of setting, feasibility, substantiating evidence, and 

review of current practice.  Examination of the research setting is required to 

decide whether the research finding is applicable to the environment of the user.   

The feasibility study consists of identifying critically important risk factors, 

resource availability, and readiness of the implementer.  Substantiating evidence 

is meant to “recognize the potential value of both research and, within recognized 

limitations, non-research-based information”.  Finally, it is also important to 

understand current practice thoroughly to determine needs for changes and to 

identify ways to improve by using research findings.  The issues identified in this 

phase are well represented in the implementation survey under the ‘Product 

Review Board’ and ‘Corporate Implementation Champion’ sections.  According 

to the CII Implementation Model, determination of applicability of a research 

product generally remains within the responsibilities of an internal review board 

of CII products. 
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Based on results of the comparative evaluation process, the user should 

make decisions on whether to use the reviewed research and how to use it.  Four 

different decision options were presented by the model including ‘Use’, ‘Consider 

Use’, ‘Delay Use’, and ‘Reject’.  The ‘Use’ option is selected when a user feels 

that the findings of a research are applicable and beneficial to the user, his/her 

colleagues, and/or to the organization.  This decision is to “put the knowledge into 

effect now” without waiting for additional validation of the research.  It might be 

used as a basis for the user’s scientific and theoretical background (Cognitive 

application) or as evidence for change, a method of evaluation of current 

practices, or a model for new practice (Instrumental application) (Stetler 1976); or 

it could also mean modifying a way of thinking or one’s appreciation of an issue 

(Symbolic application).  All types of research utilization may be informal and 

completely under the control of an individual user or may be formal and under the 

control of the organization.  A formal and organizational use typically results in 

more radical changes of current practices driven by the organizational policies 

and guidelines.  The ‘Consider Use’ option can be employed when the findings 

are applicable, but further validation with additional data is desirable before the 

actual implementation.  In this case, research findings are typically applied to a 

pilot project and the user makes a final decision based on the outcomes from the 

pilot project.  ‘Delay Use’ implies the need for more research.  This option is 

selected when there is too little research, too much risk involved, or too much 

conflict in current studies.  Finally, the research can be rejected because it is not 
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expected to be beneficial.  Possible reasons for rejection includes high risks, 

excessive costs, lack of consistency or the strength of the current practice.   

The CII Implementation Model does not specify the use options as the 

Stetler’s Model does.  Decisions on the degree of implementation are usually 

made by management or the internal product review board in the CII model.  

However, the CII Implementation Model does recommend investigation of the 

applicability of the products and feasibility of implementation, and to implement 

only those practices that can improve the organization. 

 Phase V, ‘Translation/Application’ is where the research findings are 

actually implemented.  The purpose of this phase is to force the user to think 

through logical generalizations and, in turn, to rationally form or reform findings 

and other relevant information into action. This phase also comprises 

investigation of the practice in detail to facilitate the implementation effort.  The 

CII implementation model also includes a ‘Product (Practice) Implementation’ 

phase which deals with actual implementation of the selected practices.  The 

issues around how to reform or modify the selected practices so that they can fit 

into the organization’s existing business process are also addressed across several 

sections in the CII Implementation Model.  This approach should enhance 

implementation and help organizations gain more from implementation. 

 Finally, the last phase of Stetler’s Model is Phase VI, ‘Evaluation’.  The 

traditional continuous quality management theme is applied here which 

emphasizes measuring results and taking actions based on the results to 

continuously improve. Based on the type of research utilization, different 
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measurement methods are recommended including self-monitoring, peer 

discussion, case study, and audits as described in Figure 2.12.  The second to last 

implementation step specified in the CII Implementation Model corresponds to 

the same topic of measurement.  The CII Model also contains a self-audit section 

which stresses the importance of monitoring the implementation process in 

addition to evaluating implementation outputs.   

 Although the CII Implementation Model and Stetler’s Model target 

completely different industries, both models contain many common themes that 

need to be addressed when implementing research findings as described in this 

section.  Findings from this research utilization model also played a role in 

developing the survey questionnaire and implementation themes that are 

discussed in Section 2.7.   

3.7.3.3 IOWA Research Implementation Model 

The IOWA Research Implementation Model (IOWA Model) was 

developed with a similar purpose as the previous model, which is to promote 

nursing professional practices.  The model developed was based on the process 

that had been proven to be effective in improving the quality of care at the 

University of Iowa Hospitals and Clinics (UIHC) through conduct and utilization 

of nursing research (Titler et al. 1994).  This model is somewhat different from 

the CII Implementation Model in that it deals with both conducting research as 

well as implementing it, whereas the CII Model concentrates on implementing the 

research products that were already developed.   
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The IOWA Model of research implementation starts with triggers which 

ignite the research implementation process as illustrated in Figure 3.14.  The 

triggers were defined as the factors that encourage users to think about current 

practices and to question the rationale of their actions which is often described as 

a phrase of “because we’ve always done it that way”.   Triggers were categorized 

as problem-focused triggers and knowledge-focused triggers.  Common elements 

of each category are listed within Figure 3.14.   

Once a research trigger is identified, relevant research literature is 

collected to investigate whether there have been enough studies conducted within 

the identified area.  If there is a sufficient research base, the next process is to 

discover the possibilities of using the research findings to solve the problem and 

the focus of the effort shifts to implementation from this point.  If not, the 

problem can be used as the motivation for new research.  Since the focus of this 

study is research implementation, only the parts of the model that deal with 

implementation are described in detail.   
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Problem-Focused Triggers
1. Risk Management Data
2. Quality Assessment / Quality
Improvement Data
3. Identification of Clinical Problem
4. Total Quality Management /
Continuous Quality Improvement

Knowledge-Focused Triggers
1. National Agencies or Organizational
Standards and Guidelines
2. Philosophies of Care
3. Questions from Intuitional Standards
Committee
4. New Information in the Literature

Assemble Relevant
Research Literature

Critique and Evaluate for
Use in Practice

Is the Change
Appropriate for

Adoption in
Practice?

Is there a
Sufficient

Research Base?

Research Base is Sufficiently
Developed to Guide Practice
1. Select Outcomes to be Achieved
2. Design Nursing/Multidisciplinary
Practice Intervention(s)
3. Implement Practice Changes on a
Pilot Unit
4. Evaluate Process & Outcomes
5. Modify Intervention as Needed

Research Base Not Sufficiently
Developed to Guide Practice

Conduct
Research

Consult
with

Experts

Determine
Scientific

Priniciples

Change Practice

Monitor Outcomes

Staff
Patient

and Family Fiscal

RESEARCH BASED PRACTICE TO PROMOTE QUALITY CARE

Triggers to Improve Practice Through Research

YES NO

 

Figure 3.14 The Iowa Research Implementation Model (Titler et al. 1994) 
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Selecting desirable outcomes is the first step of the implementation 

process which is similar to the previous model.  The CII Implementation Model 

also emphasizes the importance of setting up implementation goals and 

understanding management expectations from implementation.  The next step in 

IOWA model is to design changes based on research findings which is further 

tested through a pilot unit.  The processes used in the pilot unit as well as 

outcomes need to be closely evaluated and the initial design may be modified as 

necessary.  Unlike the Iowa Model, the CII Implementation Model does not 

include a defined step of using a pilot project. However, the CII model 

recommends a product review board to review the applicability of a research; this 

frequently includes the use of a pilot project.   

Once the pilot evaluation is completed, the next critical step is determining 

if changes should be made throughout the organization.  Factors that need to be 

considered in this phase include costs, benefits, impact on quality, associated 

risks, competency of staff, required education and training, and administrative 

support.  Decision-making on whether to implement the change depends on both 

the nature of the change and the type of governance in the organization.  Even 

though this step is described in one small box in Figure 2.14, it is a very 

complicated step in which all the factors listed above need to be closely reviewed.  

The survey instrument for this study addresses all the issues identified in this step 

in more detail, by using many questions across different sections.   

If the change is appropriate for adoption, the organization takes actions to 

make it happen.  As the change is implemented, outcomes should be monitored 
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from the stakeholder’s perspectives.  The model recommends keeping the 

monitoring process in place for at least two consecutive quarters after 

implementation.  The CII Implementation Model also emphasizes the importance 

of measuring implementation results in order to continuously improve the 

organization.   

3.8 Malcolm Baldridge National Quality Award 

The Malcolm Baldrige National Quality Award (MBNQA) was 

established by the Department of Commerce, National Institute of Standards and 

Technology (NIST) in 1987 to promote total quality management as an 

increasingly important approach for improving the competitiveness of American 

companies (NIST 2002).  The MBNQA has evolved from a quality focus to an 

award for performance excellence. The framework for the MBNQA is provided in 

Figure 3.15 and it summarizes the criteria for performance excellence.  

 

 

Figure 3.15  Framework for MBNQA (Source: NIST 2000) 
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 There are similarities between this study and the MBNQA since both are 

intended to evaluate organizations at the organizational level, rather than focusing 

on the project level.  In addition, both the survey questionnaire for this study and 

the MBNQA can be used as assessment tools for organizations.  Therefore, the 

MBNQA was used a reference in developing the survey questionnaire for this 

study.  However, there are also some differences between two.  This study 

concentrates on implementation of knowledge in a construction-related 

organization while the MBNQA covers much broader issues with a focus on total 

quality management and is targeted to any type of industry.  In addition, the 

MBNQA is more result and outcome oriented whereas this study is more process 

oriented.   

3.9 Implementation Themes 

As discussed in previous sections, the literature review yielded abundant 

information regarding the organizational implementation of knowledge (Funk et 

al. 1991, Smith 1995, Stetler 1994, and Parahoo 2000). In developing 

implementation themes, important issues that need to be addressed to improve 

organizational implementation were identified through the extensive literature 

review. Then, those issues were categorized into implementation themes that are 

commonly used in related literatures and further analyzed with the data collected 

using the survey questionnaire.  Since the survey questionnaire followed the 

structure of the CII Implementation Model and the CII Knowledge Structure, not 

all implementation themes are addressed in one section of the survey.  For 

example, issues about available resources to successfully implement a CII 
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practice are asked with seven questions in five different sections. Since the 

implementation themes were developed based on the findings from the literature 

review, examinations of the use of each theme might yield interesting findings 

related to organizational implementation.   

Identified implementation themes include management support, resources, 

communication, continuous improvement, integration, culture, benefit, 

documentation, research accessibility, and process.  Issues related to each 

implementation theme were reviewed and used as inputs in developing the survey 

instrument.   In addition, the implementation themes were analyzed by grouping 

related questions under each implementation theme which were often spread out 

in several sections of the survey.  After grouping of questions were completed, 

reliability tests were also conducted to investigate internal consistencies among 

questions grouped under each implementation theme. Re liability analysis results 

of the implementation themes will be explained in Section 5.2.  The definitions of 

the implementation themes, related issues to each theme and information source 

are summarized in Table 3.6.  Table 3.7 shows the groups of questions that were 

categorized under each implementation theme and how they were used in 

analyzing the implementation themes. 
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Table 3.6  Summary of Implementation Themes 

Implementation 
Theme 

Definition Implementation Issues Information Source 

Management 
Support 

Perception of survey 
participants regarding whether 
their managements is supportive 
in implementing CII products 

Administrative support, 
involvement of 
management in 
implementation  

Smith (1995), Stetler (1994), 
Funk et al. (1991b), Parahoo 
(2000). 

Resources Tangible or intangible assets 
that help to support 
implementation of CII products 

Time, money, computers, 
incentives, publications, 
etc.  

Closs et al. (2000), Stitzia 
(2000), Stetler (1994), Stetler 
(1994), Funk et al. (1991b), 
Walsh (1997a), Parahoo (2000),  
Smith (1995), Pettengill et al. 
(1994). 

Communication Effectiveness of transferring 
information from one unit to 
another unit within an 
organization 

Research awareness, well-
communicated goals, 
plans, benefits, etc.   

Closs et al. (2000), Stitzia 
(2000), Stetler (1994), Funk et 
al. (1991b). 

Continuous 
Improvement 

Degree of adherence to the 
traditional quality ‘plan-do-
check-act’ model 

Measure results, actions 
based on results, repetitive 
process, etc.  

Lane et al. (1999), Stetler 
(1994), Titler et al. (1994), 
Smith (1995), Funk et al. 
(1991b). 

Integration Assessment of how well an 
implemented practice is 
incorporated into existing 
processes 

The degree of 
incorporation of new 
practice into existing 
processes 

Barta  (1995)Dieng et al. 
(1999), Stetler (1994), Titler et 
al. (1994), Funk et al. (1991b). 
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Table 3.6  Summary of Implementation Themes – Cont’d 

Implementation 
Theme 

Definition Implementation Issues Information Source 

Culture Readiness of an organizational 
environment for implementing a 
new idea or practice 

Peer support, risk-taking 
environment, innovative 
thinking, etc. 

Closs et al. (2000), Stitzia 
(2000), Walsh (1997a), Funk et 
al. (1991b), Pettengill et al. 
(1994). 

Benefit Recognition of related gains in 
any form from implementation 

Benefits in cost, time, 
quality, productivity, etc. 

Titler et al. (1994), Stetler 
(1994), Funk et al. (1991b). 

Documentation Recording of any issues related 
to the implementation process 
in a printed format or in 
computer 

Records of plan, process, 
lessons- learned, results, 
etc. 

Stetler (1994), Smith (1995), 
Funk et al. (1991b). 

Research 
Accessibility 

Ease of access to information 
regarding available research and 
getting help in understanding 
research findings 

Available CII 
publications, openness of 
training programs, 
practice expert, etc. 

Closs (2000), Funk et al. 
(1991b), Walsh (1997a). 

Process Existence of processes needed 
to effectively implement a 
practice and the degree of 
flexibility of existing processes 
to accommodate improvements   

Implementation process, 
auditing process, 
measurement process, 
product-selection process, 
etc.  

Demarest (1997), Argote et al. 
(2000), Quitas et al. (1997), 
Titler et al. (1994), Funk et al. 
(1991b). 
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Table 3.7  Implementation Themes and Related Questions in Survey 

Implementation Theme Questions in Survey 
Management Support 1-1, 1-7, 4-3, 8-12* 
Resource 1-10, 2-5, 4-5, 4-6, 5-4, 8-12 
Communication 1-3, 4-4, 5-5, 5-6, 5-7, 6-8 
Continuous Improvement 2-7, 6-11, 7-7, 7-10, 8-3, 8-9, 8-10 
Integration 1-4, 1-5, 3-4, 3-5, 3-7, 4-1, 6-9 
Culture 1-7, 1-8, 1-9, 4-7, 4-8, 7-6 
Benefit * 1-2, 3-6, 5-6 
Documentation 1-5, 2-6, 6-2, 6-3 
Research Accessibility 7-1, 7-2, 7-6 
Process 1-6,  2-1, 4-1, 6-4, 6-5, 6-9, 8-9 

* Excluded from the final analysis due to internal inconsistencies among questions (Refer 
Section 4.5.1).  

3.10 Summary  

Background information that supports this study is provided in this chapter 

including the CII Implementation Model, the CII Knowledge Structure, and 

findings from the literature review.  The CII Implementation Model and CII 

Knowledge Structure are core implementation aids developed with the support 

from the CII ISC and served as the basis for this study and development of the 

implementation survey. The CII Implementation Model specifies nine 

implementation steps that organizations are recommended to follow when 

implementing CII Products.  The CII Knowledge Structure organizes the body of 

knowledge that CII has developed in a topological form and provides an efficient 

mechanism for organizations to locate CII products in their interests.  More 

information on the CII Implementation Model and the CII Knowledge Structure 

are available in the implementation resource that CII has recently published to 
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summarize these implementation tools and how organizations should take 

advantage of these tools (Kim and Gibson 2001). 

The literature review focused on the issues related to research 

implementation and knowledge management. Implications of previous studies on 

this research were also highlighted throughout the chapter by identifying the 

similarities and relationships between this study and the findings from the 

literature review. The findings revealed that the CII Implementation Model 

generally follows examples in the literature and successfully addresses the topics 

related to research implementation and knowledge management.  There are 

general consistencies between existing models of implementing knowledge and 

the CII Implementation Model.  The next chapter presents analyses results for 

data in the survey, part one. 
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Chapter 4:  Organizational Implementation Process Evaluation 

This chapter summarizes the analysis results for data generated from the 

first part of the survey, evaluating the organizational implementation processes 

within the organizations. The CII Knowledge Implementation Index (CKII) was 

developed to quantify the organizational implementation effort and its 

development process is described. Differences between owner and contractor 

organizations and between organizations with ICs and those without ICs in terms 

of organizational implementation status are also addressed in detail.  Relationship  

between the CKII and CII membership and participation are investigated as well.  

Information on the statistical techniques used to analyze the data is available in 

Chapter 2.  

4.1 SURVEY RESPONSE RATE 

Among 88 organizations contacted, 41 completed their survey 

questionnaires resulting in a response rate of 46.6 percent. The differences in 

response rates between owners and contractors and between organizations with 

ICs designated and those without ICs are addressed in this section. 

4.1.1 Owners versus  Contractors  

As mentioned, the survey questionnaires were distributed to 88 CII 

member organizations including 45 owners and 43 contractors. Twenty-two 

owner organizations returned their completed survey out of 45 contacted and the 

response rate from owners was 48.9 percent.  In contrast, 19 of 43 contractor 
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organizations completed their survey questionnaires with a response rate of 44.2 

percent. The differences between owners and contractors in survey response rates 

are provided in Table 4.1 

Table 4.1  Response Rates: Owners versus  Contractors  

 Sent Answered Response Rate  
Owners 45 22 48.9 % 

Contractors  43 19 44.2 % 
Total 88 41 46.6 % 

4.1.2  Organizations with ICs versus those without ICs 

Organizations with ICs had a slightly higher response rate than those 

without ICs with a difference of 7.9 percent.  The differences in response rates 

between organizations with ICs and those without ICs are summarized in Table 

4.2.  Although there were more responses collected from the organizations with 

ICs, the response rate from them was not as high as expected, given the 

circumstances that ICs should be more interested in the organizational 

implementation of CII products and should also be more familiar with the survey 

since they were participating in the CII Implementation Champion Program.   

Table 4.2 Response Rates:  
Organizations with ICs versus  those without ICs 

 Sent Answered Response Rate  
Organization with ICs 55 27 49.1 % 

Organizations without ICs 34 14 41.2 % 
Total 89 41 46.1 % 
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4.2 METHOD OF SURVEY COMPLETION 

 As previously discussed in Section 3.1.7.2, survey participants had three 

different ways of completing the survey questionnaire including the survey 

website, email submission using a MicrosoftTM Word file, and traditional survey 

methods such as postal mail or fax.  Out of 41 participants who completed the 

survey, 34 respondents used the survey website while only 7 used other means 

(See Figure 4.1).  This was very encouraging from a data collector’s perspective 

since it significantly reduced the time required to manually input data into the 

database, and also minimized input errors due to the built- in error checking 

functions within the survey website. This also has implications for future research 

projects involving large surveys, in terms of how to make the data collection 

process more efficient. Detailed information on the survey website development 

process and benefits associated with it are described in detail in Section 3.1.5. 

 

 

Figure 4.1  Methods of Survey Completion 

Survey Website 
(34) 

 

Mail or 
Fax 
(4) 

 

Email (3) 
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4.3 CII KNOWLEDGE IMPLEMENTATION INDEX (CKII) 

The CKII is defined as a single index that quantifies the status of the 

organizational implementation of CII products or practices based on adherence to 

the CII Implementation Model.  It measures the organizational implementation 

process within a specific organization against the implementation steps that are 

defined in the CII Implementation Model. It consequently evaluates how well an 

organization follows the CII Implementation Model when they implement any CII 

product or practice at the organizational level. 

4.3.1  CKII Calculation 

A CKII for each respondent organization was calculated using data from 

the Part One of the survey.  The first step of calculating a CKII was to add up all 

the scores of the 78 questions in Part One.  In calculating the total, the questions 

with answers of ‘Not Applicable’ were excluded.  Since the number of not 

applicable questions for each completed questionnaire was different from each 

other, most questionnaires had different possible maximum scores.  In addition, 

since the answer scale for each question was one-to-five and not starting from 

zero, minimum scores for completed questionnaires also varied from each other.  

In order to make it possible to compare one CKII with another, all totals had to be 

normalized with certain minimum and maximum scores.  The minimum score of 

the CKII was set to zero and the maximum score to 200 for convenience of 
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calculation and comparison.  These normalized CKII scores quantify the 

implementation status at the organizational leve l with the range from 0 to 200.  

The 200 point maximum was arbitrarily chosen by the author and could just as 

easily be 100 points or 1000 points.  The CKII calculation process is described in 

Figure 4.2 with an example.  A detailed example of CKII calculation is provided 

in Appendix G1. 

Add up scores of 78
questions in survey part I

Exclude ‘Not-Applicable’
questions

Calculate the maximum
and minimum score

Normalize the total
(Min.: 0, Max.: 200)

Total = 3 (q 1.1)+5 (q 1.2)+
…..+5 (q 8.12) = 265

Number or N/A questions (A): 10

Maximum = (78 - A) X 5 = 340
Minimum = (78 - A) X 1= 68

Maximum: Total = 200: CKII

CKII CKII = 149

Adjust max. and min. with
min. = 0

Maximum = 340 - 68 = 272
Minimum = 68 - 68 = 0

PROCESS EXAMPLE

 

Figure 4.2  CKII Calculation Process 
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In calculating the CKII, 78 questions in part one of the survey were 

equally weighted.  Since this study was exploratory and was the first study of its 

kind for this industry, it was not feasible to appropriately evaluate the relative 

importance of each question in the survey.  An alternative way of calculating the 

CKII was also performed by equally weighting eight implementation sections 

rather than equally weighting individual questions.   This approach was to prevent 

the survey sections with more questions from being more weighted in calculating 

the CKII.  However, the number of questions in each section of the survey does 

not vary much and consequently the alternative CKII turned out to be almost 

identical as the original CKII (See Appendix G2).   

4.3.2 Summary Statistics of CKII 

In order to measure the degree of organizational implementation effort 

within participating organizations and to compare it with those of others, the CKII 

for 41 participants were calculated by using the process shown in Figure 4.2.   

Summary statistics of the 41 CKII scores are provided in Table 4.3. The 

organization with the highest CKII scored 167 out of 200 while the lowest CKII 

was 56.  As shown in Table 4.3, CKII scores fo r the 41 participants were ranged 

widely with a standard deviation of 26.09.  These findings imply a wide variation 

of the organizational implementation status among the participants. A frequency 

histogram shown in Figure 4.3 illustrates the CKII distribution among the 41 

participants.  Participants had an average of 114 which is 57 percent of the 

maximum score, 200.   
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Table 4.3  Summary Statistics - CKII 

Mean 114 
Median 109 

Standard Deviation 26.09 
Skewness 0.073 

Range 111 
Minimum 56 
Maximum 167 

Sample Size  41 
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Figure 4.3  CKII Distribution 

A normality test was also conducted since most statistical analysis 

techniques require an assumption of test variables being normally distributed. 

According to the result of the normality test shown in Table 4.4, the CKII scores 
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of the 41 participants were normally distributed (Sig. > 0.05).  The value of 

skewness in Table 4.3 also confirms the normality of CKII distribution.  A CKII 

boxplot indicates that there were no outliers and extremes among 41 CKII scores 

(See Figure 4.4). 

Table 4.4  Test of Normality - CKII 

Kolmogorov-Smirnova Shapiro-Wilk  
Statistic df Sig. Statistic df Sig. 

CKII .109 41 .200* .979 41 .641 
* This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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Figure 4.4  BoxPlot - CKII 
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4.3.3 CKII Comparison by Company Type  

Once the CKII for all the participants were calculated, the difference 

between owner and contractor organizations was assessed using their CKII scores.  

This analysis attempted to investigate the differences in the organizational 

implementation process based on the organization’s role in construction projects. 

Nineteen of 41 participants were classified as owner organizations and they 

included both private and pub lic owners including federal agencies.  Twenty-two 

of 41 were contractors including design-build contractors, engineering-

procurement-construction (EPC) contractors, prime contractors, sub contractors, 

engineering contractors, specialty contractors, suppliers and fabricators.  

Summary statistics of the CKII for these two groups are provided in Table 4.5.  

An independent-samples t test at 95 percent confidence level was conducted to 

measure the statistical differences in means of CKII between the two groups and 

the results are presented in Table 4.6.  Although contractor firms scored higher 

CKII than owner organizations by approximately five percent on average,  the 

mean difference of CKII between owners and contractors was not statistically 

significant as indicated in Table 4.6 (p value=0.331 > 0.05). 
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Table 4.5  CKII Summary Statistics: Owners vs. Contractors  

 Owners Contractors  
Average Capital Budget 1.2 Billion 3.7 Billion 

CKII Mean 110 119 
Median 106 118 

Standard Deviation 28.17 23.47 
Skewness 0.0851 0.3390 

Range 102 84 
Maximum 158 167 
Minimum 56 82 

Sample Size  22 19 

 

Table 4.6  Independent t test in CKII: Owners versus  Contractors  

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (2-Tailed) 
Equal Variances 

Assumed * 
.693 .410 -.98 39 .331 

Equal Variances  
Not Assumed 

  -.99 38.96 .325 

* ‘Equal Variances Assumed’ used since L=0.410 > 0.05 
 
 

Differences in CKII distributions for both owners and contractors are also 

illustrated in Figure 4.5.  Although the mean difference in CKII between owners 

and contractors is not statistically significant, some differences were identified in 

terms of CKII distributions in the two groups.  CKIIs for owner firms were more 

widely distributed and the standard deviation for owners was approximately 120 

percent of that for contractors.  In addition, there were four owner organizations 

that had lower CKIIs than the lowest CKII for contractors. 
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Another analysis was done to investigate the differences of mean CKIIs by 

categorizing participants into five groups based on their company type. Five 

groups included private owners, public owners, prime contractors, design-build or 

EPC contractors, and others. The analysis results to evaluate differences among 

the five groups are provided in Table 4.7. However, no statistical test was 

performed to see the statistical differences among these groups since the number 

of organizations in each group was fairly small. Thus, although it appeared that 

prime contractors and public owners have a better organizational implementation 

processes in place in terms of the CKII, further analysis with a larger sample size 

is required to generalize these findings.  
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Figure 4.5  CKII Distribution: Owners versus  Contractors  

Table 4.7  CKII Comparison by Company Type  

Group Number of Organizations  CKII Mean 
Private Owners  8 102 
Public Owners  12 119 

Prime Contractors  3 127 
Design-Build or EPC Contractors  12 117 

Others  6 111 
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4.3.4 CKII Comparison: Organizations with ICs versus those without ICs 

As previously discussed, the CII Implementation Champion program was 

implemented by the CII ISC as an effort to increase the level of CII knowledge 

implementation within CII member firms.  Since not all CII member 

organizations have participated in this program, an analysis was performed to 

assess the differences between organizations with ICs designated and those 

without ICs in terms of their organizational implementation processes.  This 

analysis was done by comparing the CKII means of the two groups and an 

independent-samples t test at 95 percent confidence level was used to see whether 

the mean difference between these two groups is statistically significant.  

Summary statistics of these two groups are available in Table 4.8 and the 

independent-samples t test results are in Table 4.9.  Even though organizations 

with ICs designated had slightly higher CKII scores on average, the mean 

difference was not statistically significant as indicated in Table 4.9 (p value=.691 

> 0.05). 

Table 4.8  CKII Summary Statistics:  
Organizations with ICs versus those without ICs 

 w/ ICs w/o ICs 
Average Capital Budget 3.4 Billion 1.8 Billion 

CKII Mean 116 112 
Median 106 107 

Standard Deviation 28.26 22.13 
Skewness 0.0336 0.8885 

Range 111 66 
Maximum 167 144 
Minimum 56 78 

Sample Size  27 14 
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Table 4.9  Independent t test in CKII:  
Organizations with ICs versus those without ICs 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (2-Tailed) 
Equal Variances 

Assumed * 
.872 .356 -.40 39 .691 

Equal Variances  
Not Assumed 

  -.43 32.62 .668 

* ‘Equal Variances Assumed’ used since L=0.356 > 0.05 
 

Distributions of CKII between organizations with ICs designated and those 

without ICs turned out to be a bit different as shown in Figure 4.6, in spite of no 

statistical difference of the CKII means between the two sub-samples.  Standard 

deviation for organizations with ICs is approximately 130 percent of that for 

organizations without ICs.  This may be due to the fact that ICs have a better 

handle on how well organizations are doing; thus, organizations with ICs may 

have realized that they need to improve.  The differences in distributions of CKII 

between the two groups are illustrated in Figure 4.6.  

The analysis done to compare organizations with ICs to those without ICs 

in terms of the organizational implementation process resulted in similar findings 

from the analysis between owners and contractors.  Therefore, an investigation 

was made to look at proportions of owners and contractors in each group and 

results are provided in Figure 4.7.  It turned out that 63 percent of organizations 

with ICs were owner organizations while only 33 percent of organizations without 

ICs were owners, which explains overall similarities between the two analyses.  

Although no significant differences were found between the two groups, ICs may 
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have a better handle on how well these organizations are doing and also 

organizations with ICs may have realized that they need to improve. 
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Figure 4.6  CKII Distribution:  
Organizations with ICs versus those without ICs 
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Figure 4.7  Owner / Contractor Proportions in Two Groups  

4.4 COMPARISON OF CKII WITH CII M EMBERSHIP AND PARTICIPATION 

CII membership and participation data were collected and compared to the 

CKII in order to identify correlations with the organizational implementation 

level.  The following sub-sections contain the comparison results between the 

CKII and duration of active CII membership and the level of participation in CII 

research and other activities.   

4.4.1 CKII versus CII Membership 

In preparing the analysis between the CKII and CII membership, durations 

of CII active membership for the survey participating organizations were obtained 

from the CII database.  As of August 2001, participating organizations had been 

active with CII for 9.5 years on average.  Summary membership data among the 

41 participating organiza tions are provided in Table 4.10.  For this analysis, a 

simple linear regression was performed using Microsoft® Excel.   Durations of 

CII active membership were used as X variable and CKII scores were used as Y 

variable.    
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Table 4.10  Summary Statistics – CII Membership in Years  

Mean 9.5 
Median 10.5 

Standard Deviation 6.7 
Skewness -0.009 

Range 16.9 
Minimum 0.8 
Maximum 17.7 

Sample Size  41 

Figure 4.8 summarizes the results of the regression analysis between CII 

membership and CKII scores.  The R2 value obtained from the analysis was 

0.0023 which shows no significant relationship between CII membership and the 

CKII.  The results imply that duration of CII membership does not have a 

significant impact on the organizational implementation level. Another 

interpretation of the analysis results can be that without taking appropriate 

management steps, just being a CII member does not help organizations to be 

better in terms of implementation. 

R2 = 0.0023
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Figure 4.8  Regression Plot – CKII vs. CII Membership 
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4.4.2 CKII versus CII Participation 

As another measure for the level of an organization’s participation in CII, 

the amount of participation in CII research teams and other activities, including 

Executive Committee, Data Liaisons, Implementation Champions, Benchmarking 

Associates, Membership Committee, etc., were used. Since CII membership 

durations for the participating organizations varied to a large extent, the number 

of participations in CII activities was divided by the duration of CII membership 

to calculate the average number of participations in CII activities per year.  For 

example, if an organization joined the CII in 10 years ago and had participated in 

CII research committees three times and also in other committees twice, the 

participation index for the organization would be 0.5, which is (3+2) /10.  The 

level of CII participation of the 41 participating organizations is summarized in 

Table 4.11.  Note that all CII members have certain participation requirements 

such as naming a Board of Advisor member. Mandatory participation requirement 

were excluded from the analysis. 

Table 4.11  Summary Statistics – CII Participation per Year* 

Mean 1.75 
Median 1.15 

Standard Deviation 1.54 
Skewness 1.75 

Range 7.03 
Minimum 0.17 
Maximum 7.20 

Sample Size  41 
* Number of participations in various CII activities ÷  

Number of Years of CII membership 
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Similarly to the previous analysis, a regression analysis was conducted 

between CKII scores (Y variable) and CII participation (X variable).  Regression 

plot shown in Figure 4.9 and the R2 value (0.0005) obtained from the analysis 

revealed no significant correlation between CII participation and CKII scores. 

These findings are consistent with the findings from the analysis shown in the 

previous section, which emphasizes the importance of taking necessary actions to 

improve implementation rather than passively participating in CII activities. 
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Figure 4.9  Regression Plot – CKII vs. CII Participation 

Analyses conducted to identify relationships between the CKII and CII 

membership and participation failed to show substantial correlation between the 

two measures.  However, it may be reasonable for one to think that organizations 

that have been with CII for a long period time and have actively participated in 

various CII activities have better implementation processes for CII practices.  

Some limitations of the analyses may have contributed to these negative results.  
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First of all, the timing issue can be a main limitation as pointed out in earlier 

analyses. While the CKII measures current level of organizational implementation 

efforts, membership and participation data included during the past 18 years since 

the CII has established.  It is also possible that some organizations that joined CII 

in 1980’s might have been very active for first several years and have been 

inactive last few years.  In addition, some of newly joined CII member 

organizations that allocated several persons to various CII committees may have 

higher participation measures but they may not have established implementation 

processes for CII practices. Using the last five-year time frame or future 

participation data when it becomes available might be an alternative way of 

performing these kinds of analyses.  

4.5 SUMMARY 

Forty-one organizations completed the survey questionnaire which was 

developed for this study, among 88 organizations contacted. The CKII was 

developed with the data from the first part of the survey to quantify organizational 

implementation status based on the CII Implementation Model, which ranges in 

value from 0 to 200.  The levels of organizational implementation within 

participating organizations were assessed by using the CKII, which showed a 

wide range of implementation levels among respondents. Differences in the CKII 

between owners and contractors and between organizations with ICs and those 

without ICs were also examined and differences between the two groups in both 

cases were not statically significant.   



 120 

The relationships between the CKII and CII membership and participation 

were assessed using duration of CII active membership and the average number of 

CII activity participations per year.  The related tests failed to show significant 

correlations between the CKII and either of the two measures, which indicates 

that being a member of CII or participating in CII activities alone does not have a 

positive impact on the organizational implementation level unless organizations 

effectively address critical implementation elements.  The next chapter presents 

more detailed analysis results of survey, part one, data by focusing on the 

implementation steps and themes.  



 121 

Chapter 5:  Implementation Steps and Themes 

 As discussed in Section 2.1.3, the first part of the survey followed 

the structure of the CII Implementation Model and thus the sections of survey part 

one correspond to the first eight implementation steps defined in the CII 

Implementation Model.  In addition, a series of implementation themes was 

developed as described in Section 3.9.   In this chapter, both implementation steps 

and themes were analyzed in depth to identify weaknesses and strengths in 

implementation efforts of the participating organizations.  Findings from these 

analyses were developed to assist respondents in identifying areas for 

improvement. Internal reliabilities among questions to measure each 

implementation step and among questions that were grouped to evaluate each 

implementation theme are tested.  

5.1 ANALYSIS OF THE CII IMPLEMENTATION STEPS 

As previously discussed, the CII Implementation Model was developed by 

the CII ISC to facilitate implementation within CII member organizations and 

details of the model are described in Section 3.3.  This section provides insight 

into usage of the implementation steps within organizations by analyzing survey 

results from the 41 organizations that participated in this study.  Note that step 

nine of the Implementation Model, celebrate results, was not assessed. 

The following sub-section describes the differences between the eight 

implementation steps in the CII implementation Model in terms of their level of 

utilization and their relative importance. The areas of strength and weakness are 
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also identified based on the scores calculated for each implementation step.  It 

was envisioned that this information could provide organizations with guidelines 

on where to put their emphasis in order to achieve better implementation. 

After describing the differences among the implementation steps, the next 

eight sub-sections describe how each implementation step was utilized by the 

participating organizations.  Each of the eight sub-sections has summary statistics 

of answers for questions asked within each implementation step and has results 

from ANOVA analyses to measure statistical differences between questions. In 

addition, results from internal reliability tests conducted to evaluate consistencies 

among questions in each implementation step are provided.  

5.1.1 Comparison of Implementation Steps  

As previously mentioned, the first part of the survey consisted of eight 

sections that corresponded to the first eight implementation steps defined in the 

CII Implementation Model.  Each section contained a set of questions to assess 

how well the implementation step had been addressed. Details on how 

participants responded to individual questions in eight different implementation 

steps are described in the following eight sub-sections. 

Summary statistics for the eight implementation steps were calculated by 

aggregating the answers for the questions in each section and these are provided 

in Figure 5.1.  In calculating means for each implementation step, answers for all 

the questions within the corresponding survey section, excluding ‘Not Applicable’ 

questions, were averaged.  As shown in Table 5.1 and in Figure 5.1, ‘Self-Audit’ 

and ‘Measurement’ were identified as areas where participating organizations 
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have weaknesses in general compared to the other implementation steps.  In 

contrast, organizations typically had better scores in ‘Corporate Commitment’ and 

‘Corporate Implementation Champion’ than the other implementation steps.  

Boxplots for the implementation steps shown in Figure 5.2 illustrate that the two 

weakest areas also have more variation when compared to other implementation 

steps. Some outliers are also identified in the boxplots and they are shown as 

eclipses in Figure 5.2. No data point was excluded from the analyses. The analysis 

performed to compare implementation steps is a very high leve l of aggregation 

and that this is likely to be due in part to individual differences between firms. 

Table 5.1  Summary Statistics (by Implementation Steps) 

Implementation 
Step* 

1 2 3 4 5 6 7 8 

Mean 3.48 2.63 3.21 3.28 3.49 3.28 3.34 3.02 
Stdev. ** 0.71 0.82 0.97 0.70 1.07 0.63 0.70 0.90 

Range 2.90 3.00 4.00 3.00 4.00 2.64 3.00 3.85 
Maximum 1.70 1.00 1.00 1.25 1.00 2.00 1.80 1.00 
Minimum 4.60 4.00 5.00 4.25 5.00 4.64 4.80 4.85 

* Notes  1: Corporate Commitment 
2: Self-Audit 
3: Product Champions/ Review Boards 
4: Product (Practice) Implementation 
5: Corporate Implementation Champion 
6: Implementation Plans & Goals  
7: Product Training 
8: Measure Results 

** Stdev.: Standard Deviation  
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Figure 5.1  Implementation Scores by Implementation Steps (N=41) 
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Figure 5.2  Boxplots by Implementation Steps  
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After investigating the summary statistics of each of the implementation 

steps, an ANOVA was conducted to evaluate whether the mean differences 

among these implementation steps were statistically significant.  From the 

ANOVA test results shown in Table 5.2, there were some statistical differences 

between means of some implementation steps as the p value is less than 0.05.  

Complete SPSS® ANOVA analysis results are available in Appendix H1, and 

include multiple comparison information with every possible combination of two 

implementation steps.  

Table 5.2  ANOVA Analysis among Implementation Steps  

 Sum of Squares df Mean Square  F Sig. 
Between Groups  22.503 7 3.215 4.725 0.0001 
Within Groups  217.044 319    

Total 239.546 326    

5.1.2 Corporate Commitment 

 Corporate commitment is the first implementation step in the CII 

Implementation Model as discussed in Section 3.3.  Ten questions were asked in 

this section and actual questions can be found in Appendix A.  Each question had 

a one-to-five answer scale and answers from the 41 participants are aggregated 

and summarized in Table 5.3. 
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Table 5.3  Summary Statistics – Corporate Commitment 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 3.76 75% 1.20 4 0 0.38 
2 3.22 64% 1.15 4 0 0.36 
3 3.51 70% 1.00 4 0 0.32 
4 3.83 77% 0.97 4 0 0.31 
5 3.41 68% 1.16 4 0 0.37 
6 3.32 66% 1.19 4 0 0.38 
7 4.12 82% 0.56 2 0 0.18 
8 3.83 77% 0.89 3 0 0.28 
9 3.78 76% 0.79 4 0 0.25 
10 3.02 60% 1.27 4 0 0.40 

Total 3.48 70% 0.71 2.9 0 0.22 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 

  
As shown in Table 5.3, question seven had the highest mean in this 

category while question 10 had the lowest.  This was an interesting finding when 

one looks at these two questions, since question seven was about how supportive 

management is in general to implementing CII practices and question 10 was 

about available resources to implement CII products. This difference implies that 

although it was perceived that management was generally supportive in 

implementing CII products, not enough resources were available to make the 

implementation effort successful.  This finding is also consistent with results from 

the analysis of implementation themes which will be described in detail later.  An 

ANOVA analysis shown in Table 5.4 revealed that there are mean differences 
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within the 10 questions in the first section (Sig.=0.001<0.05).  Complete ANOVA 

analysis outputs are available in Appendix H2.   

Table 5.4  ANOVA Analysis – Corporate Commitment 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  43.1 9 4.786 4.115 .0001 
Within Groups  465.263 400 1.163   

Total 508.344 409    

In order to evaluate the internal consistencies among the 10 questions in 

this section, a reliability test was conducted with SPSS® 11.0. The Chronbach 

Alpha (Alpha) calculated from the test was 0.8519, which represents the 

reliability coefficients of the10 items. Considering the fact that a survey with an 

Alpha value of 0.7 is regarded as a reliable test, the questions asked in this section 

were deemed to be very consistent and, in turn, this section of the survey was 

reliable. Table 5.5 contains Alpha values for each question in the section. This 

represents the Alpha value of the test when the question is removed from this 

section. Based on the reliability results presented in Table 5.5, question number 8 

was the only question that has a slightly negative influence on the test reliability. 
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Table 5.5  Reliability Analysis – Corporate Commitment 

Question Alpha if Item Deleted 
1 0.8188 
2 0.8289 
3 0.8218 
4 0.8366 
5 0.8205 
6 0.8477 
7 0.8512 
8 0.8655 
9 0.8310 
10 0.8500 

Overall Alpha 0.8519 
 

5.1.3 Self-Audit 

 As the second implementation step defined in the CII Implementation 

Model, issues regarding the self-auditing process were measured using seven 

questions  (available in Appendix A).  Table 5.6 summarizes the answers for the 

seven questions in this section from 41 participants. 
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Table 5.6  Summary Statistics – Self-Audit 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 2.76 55% 1.18 4 0 0.38 
2 2.63 53% 1.11 4 0 0.36 
3 2.41 49% 1.07 4 0 0.32 
4 2.59 52% 0.97 3 0 0.31 
5 2.69 54% 1.00 3 2 0.37 
6 2.64 53% 0.90 3 2 0.38 
7 2.82 56% 1.01 3 3 0.18 

Total 2.63 53% 0.82 4 7 0.40 
1.  Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

 Note that the means of answers for all the questions in this section are 

considerably lower than those in the previous section. Self-audit was identified as 

the implementation step with the lowest usage as described in Section 5.1.1. 

Question five, six and seven had some ‘Not Applicable’ responses and they were 

regarding detailed aspects of self-audit including use of auditing tools and 

documentation of self-auditing results and recommendations. These findings 

indicate that the participating organizations usually do not have sophisticated self-

auditing processes in place.   

An ANOVA analysis was also conducted to find out the differences 

between these seven questions in terms of their average responses. As described 

in Table 5.7, the analysis results show that no question had a statistically higher or 

lower response on average than other questions in this category (Sig.=0.715 > 
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0.05), which implies that the weakness of participating organizations in self-audit 

was caused by overall poor recognition and/or execution of the issues involved in 

the self-auditing process. Complete ANOVA analysis outputs from SPSS® are 

available in Appendix H3.   

Table 5.7  ANOVA Analysis – Self Audit 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  4.028 6 0.671 0.619 0.715 
Within Groups  295.968 273 1.084   

Total 299.996 296    

 

The Alpha value (0.8903) drawn from the reliability test results shown in 

Table 5.8 indicates that the measures employed in assessing the self-auditing 

process are consistent and, in turn, this section was regarded as reliable. In 

addition, none of the 7 questions employed in this category had negative impacts 

on the internal reliability of the section.  

Table 5.8  Reliability Analysis – Self-Audit 

Question Alpha if Item Deleted 
1 0.8719 
2 0.8793 
3 0.8793 
4 0.8710 
5 0.8839 
6 0.8639 
7 0.8702 

Overall Alpha 0.8903 
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5.1.4 Product Champions / Review Boards  

The next implementation step that was evaluated was product champions 

and review boards.  There were seven questions asked in this category to measure 

how well organizations use internal review boards to select appropriate CII 

practices to implement and whether they have individual product champions for 

each practice implemented.  The same statistical techniques as the ones used in 

the previous two sections were applied to analyze answers from 41 participants in 

this category.  Table 5.9 outlines the summary statistics of answers for the seven 

questions. 

Table 5.9  Summary Statistics – Product Champions/Review Boards  

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 2.94 59% 2.02 4 2 0.66 
2 3.15 63% 1.30 4 8 0.46 
3 3.34 67% 1.99 4 0 0.63 
4 2.98 60% 1.29 4 0 0.41 
5 3.98 80% 0.81 3 2 0.26 
6 2.98 60% 1.07 4 1 0.34 
7 3.33 67% 1.17 4 5 0.40 

Total 3.21 64% 0.97 4 18 0.31 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

 As described in Table 4.18, question number one, which asked whether 

individual product champions exist, had the lowest mean while question seven 

regarding the reliability of the review board’s practices selection had the highest 
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mean. These results imply that organizations generally did not have individual 

product champions for each practice implemented although it is highly 

recommended by the CII Implementation Model.  In contrast, organizations 

usually have product review boards or similar mechanisms to carefully select 

practices that have potential for implementation. These results also can be 

interpreted, in conjunction with findings from Section 5.5.1, that although 

organizations would look for new practices to implement, they typically do not 

take such necessary steps to make implementation of the practices successful as 

appointing product champions and allocating enough resources.  Note that the 

number of ‘Not Applicable’ answers for question two was very high, which 

questioned about how effective the appointed product champions undertook their 

tasks.  This was due to the fact that some organizations had no product champions 

selected. 

An ANOVA analysis was also conducted to see the statistical differences 

of average answers among questions in this implementation step and the analysis 

yielded the results that are presented in Table 5.10.  It turned out that there were 

statistical differences between the means of answers for the seven questions 

(Sig.=0.026 < 0.05).  This suggests that the participating organizations should 

focus on questions with lower scores first for improvement since these questions 

are significantly worse than questions with higher scores.  General weaknesses 

within this implementation step include developing 
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 an effective process to select appropriate practices to implement and 

participation of key stakeholders in selecting those practices.  The actual 

questions asked in this category are available in Appendix A and the complete 

SPSS® ANOVA analysis outputs are in Appendix H4. 

Table 5.10  ANOVA Analysis – Product Champions/Review Boards  

 Sum of Squares df Mean Square  F Sig. 
Between Groups  31.009 8 5.168 2.443 0.026 
Within Groups 554.284 262 2.116   

Total 585.294 268    

The Alpha value for this section indicating the level of internal reliability 

among questions in this section was not as high as the previous sections. 

However, the Alpha was still greater than 0.7 and stayed within the acceptable 

range. The reliability test results are summarized in Table 5.11, which shows that 

no question in this section hampered the internal reliability of the section. 

Table 5.11  Reliability Analysis – Product Champions / Review Boards 

Question Alpha if Item Deleted 
1 0.7512 
2 0.7470 
3 0.7218 
4 0.7315 
5 0.7451 
6 0.7501 
7 0.7387 

Overall Alpha 0.7696 
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5.1.5 Product (Practice) Implementation 

Eight questions were asked in the fourth implementation step, which is 

product (practice) implementation.  The questions  are listed in Appendix A.  

Summary statistics for the questions from 41 participants are summarized in 

Table 5.12. Question five, which was concerned resource issues, emerged as the 

one with the lowest response while question three, which was asked about 

management support, had the highest. These findings are consistent with those 

from the analysis of the first implementation step described in Section 5.1.2.   

Table 5.12  Summary Statistics – Product Implementation 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 3.44 69% 1.00 4 0 0.32 
2 3.18 64% 1.01 3 1 0.32 
3 3.85 77% 0.93 4 0 0.29 
4 3.13 63% 1.07 4 5 0.36 
5 2.90 59% 1.10 3 5 0.35 
6 3.18 64% 1.08 4 1 0.35 
7 3.46 67% 0.92 4 1 0.29 
8 3.14 63% 1.21 4 1 0.50 

Total 3.28 66% 0.70 3 14 0.22 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 
An ANOVA analysis yielded the significance value of 0.003, which 

showed significant differences among the eight questions in terms of the level of 

implementation (See Table 5.13); thereby, it is recommended for organizations to 

concentrate on the questions with low means in order to improve this 
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implementation step.  The complete SPSS® ANOVA analysis results can be found 

in Appendix H5.   

Table 5.14 provides summarized results of a reliability test to measure the 

internal reliability of this section. As shown in Table 5.14, the Alpha value was 

0.8226, which means that this section is considered to be reliable. In addition, no 

question in this section violated internal consistency assumptions.  

Table 5.13  ANOVA Analysis – Product Implementation 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  24.021 7 3.432 3.153 0.003 
Within Groups  335.195 308 1.084   

Total 359.215 315    

Table 5.14  Reliability Analysis – Product Implementation 

Question Alpha if Item Deleted 
1 0.8008 
2 0.8131 
3 0.8202 
4 0.7954 
5 0.7864 
6 0.7906 
7 0.8174 
8 0.7967 

Overall Alpha 0.8236 

5.1.6 Corporate Implementation Champion 

Corporate implementation champion is the fifth implementation step 

specified in the CII Implementation Model.  Twelve questions were asked in this 

section to measure whether an organization had a corporate implementation 

champion and how an organization used that individual(s) to maximize the 
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benefits from implementing CII products.  Summary statistics of answers from 41 

participants for these 12 questions are provided in Table 5.15.   

Table 5.15  Summary Statistics – Corporate Implementation Champion 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 4.41 89% 1.43 4 0 0.45 
2 4.19 84% 0.75 3 5 0.25 
3 4.28 86% 0.78 3 5 0.27 
4 3.44 68% 1.98 4 5 0.67 
5 3.23 66% 1.01 4 7 0.35 
6 3.58 72% 0.87 3 5 0.30 
7 3.74 75% 0.85 3 6 0.29 
8 4.13 83% 0.59 2 5 0.20 
9 4.22 84% 0.59 2 5 0.20 
10 3.57 72% 0.94 3 8 0.33 
11 3.03 61% 1.07 4 8 0.38 
12 3.40 68% 0.92 4 6 0.32 

Total 3.49 70% 1.06 4 73 0.33 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

Although only 27 of the 41 participating organizations had CII ICs, almost 

90 percent of participating organization responded that they have internal 

corporate implementation champions (See Question one in Table 5.15).  Resource 

availability, which was addressed in question four, emerged again as a weak area.  

Questions 11 and 12, relating to monitoring the implementation process and 

measuring the results, also had lower means.  These are consistent with findings 

from the analysis of the implementation steps addressed in Section 5.1.1. Note 

that questions two through eleven had relatively high numbers of ‘Not 

Applicable’ responses compared to the questions in the previous implementation 
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steps. This resulted from an absence of corporate implementation champion 

within some of the participating organizations.    

The ANOVA analysis results in Table 5.16 show that the mean differences 

of answers for the 12 questions are statistically significant.  The results indicated 

existence of general strengths and weaknesses within this implementation step. 

Organizations should understand their strengths and weaknesses within the 

implementation step and should put more attention on the areas with more room 

for improvement. Complete ANOVA analysis results with multiple comparisons 

between each question are available in Appendix H6.   

Table 5.16  ANOVA Analysis – Corporate Implementation Champion 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  83.818 7 7.620 6.827 0.0001 
Within Groups  446.213 415 1.116   

Total 547.030 426    

To test the internal consistency of this survey section, a reliability test was 

conducted and its results are summarized in Table 5.17. This section was 

considered very reliable from its Alpha value (0.9606) although one of the 12 

questions (question four) deteriorates the internal consistency to a small extent.   
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Table 5.17  Reliability Analysis – Corporate Implementation Champion 

Question Alpha if Item Deleted 
1 0.9571 
2 0.9541 
3 0.9547 
4 0.9680 
5 0.9580 
6 0.9558 
7 0.9561 
8 0.9541 
9 0.9541 
10 0.9371 
11 0.9573 
12 0.9585 

Overall Alpha 0.9606 

5.1.7 Implementation Plans and Goals 

 The sixth implementation step of the CII Implementation Model states that 

an organization should have clear goals for implementing CII practices and 

implementation plans to achieve their implementation goals.  Eleven questions 

were asked within this section in the survey questionnaire and results are available 

in Appendix A.  Summary statistics of answers from survey participants in this 

step are available in Table 5.18.   

There was not as much variation between questions in this category 

compared to other implementation steps as indicated in Table 5.18. Table 5.19 

provides the results from an ANOVA analysis to evaluate the differences between 

11 questions in this category and the differences turned out to be statistically 

insignificant.  Contrasting some of the previously discussed implementation 
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themes, the ANOVA results revealed no particular strength or weakness among 

implementation elements within the implementation step.  

Results of the reliability test to evaluate the internal consistencies among 

the questions in this section are presented in Table 5.20 and indicate that the 

section is very reliable. In addition, no question with negative influence on the 

internal reliability was identified within this category.   

Table 5.18  Summary Statistics – Implementation Plans & Goals 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 3.35 67% 0.93 4 1 0.29 
2 3.13 63% 0.99 4 1 0.32 
3 3.10 62% 1.06 4 1 0.34 
4 3.59 72% 0.88 2 2 0.29 
5 3.57 72% 0.80 2 4 0.27 
6 3.19 64% 1.02 4 4 0.35 
7 3.47 69% 0.97 2 5 0.33 
8 3.13 63% 0.93 4 3 0.31 
9 3.35 67% 1.12 4 1 0.36 
10 3.22 64% 0.82 2 4 0.27 
11 3.18 64% 1.01 4 3 0.33 

Total 3.28 66% 0.63 4 29 0.20 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

Table 5.19  ANOVA Analysis – Implementation Plans & Goals 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  12.311 10 1.231 1.326 .214 
Within Groups  381.663 411 0.929   

Total 393.974 421    
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Table 5.20  Reliability Analysis – Implementation Plans & Goals 

Question Alpha if Item Deleted 
1 0.9155 
2 0.9123 
3 0.9119 
4 0.9038 
5 0.9017 
6 0.9063 
7 0.9057 
8 0.0989 
9 0.9108 
10 0.9119 
11 .0.9082 

Overall Alpha 0.9165 

5.1.8 Product Training 

Product training is the seventh implementation step specified in the CII 

Implementation Model and 10 questions were asked in this category to measure 

how well an organization implements training programs in order to assist 

implementation of CII products.  Answers for each question were analyzed and 

summary statistics for each question are provided in Table 5.21.  The amount of 

training time, the timing of training programs, and identification of training needs 

were identified as the areas that need to be improved. These issues were 

investigated in question two, question eight and question 10, respectively.  CII 

resource and training availabilities were asked in questions five and six, which 

turned out to be strong areas. The recently developed CII Knowledge Structure 

and internet catalog might have played a role here in increasing the accessibility 

of CII resources since there were many positive comments on how the CII 

Knowledge Structure made it easier to locate CII products in the past two years. 
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Table 5.21  Summary Statistics – Product Training 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 3.29 66% 1.21 4 0 0.38 
2 2.93 59% 1.10 4 1 0.35 
3 3.44 69% 0.92 3 3 0.30 
4 3.69 74% 0.92 4 2 0.30 
5 3.74 75% 0.82 4 2 0.27 
6 3.76 75% 0.90 3 4 0.30 
7 3.55 71% 1.01 3 3 0.33 
8 3.00 60% 0.89 3 2 0.29 
9 3.51 70% 0.84 3 4 0.28 
10 3.05 61% 0.96 4 1 0.31 

Total 3.34 67% 0.70 4 22 0.22 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

In order to investigate the statistical differences between questions in this 

category in terms of responses from the survey participants, an ANOVA analysis 

was also conducted.  The ANOVA analysis results are summarized in Table 5.22 

and complete SPSS® outputs are available in Appendix H8.  As indicated in Table 

5.22, some statistical mean differences among the questions were discovered.  

This indicates that some of the implementation elements of the product training 

step were less well addressed compared to the other elements in this category.  

Concentrating on those elements is recommended as the first step in enhancing 

this particular step.   

Internal reliability was also tested using a reliability test and its results are 

summarized in Table 5.23.  The Alpha value for this section was 0.9176 which 
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represent a fairly reliable test. In addition, questions asked in this section were 

generally consistent with each other.  

Table 5.22  ANOVA Analysis – Product Training 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  34.704 9 3.858 4.144 .00001 
Within Groups  351.750 378 .931   

Total 386.454 387    

Table 5.23  Reliability Analysis – Product Training 

Question Alpha if Item Deleted 
1 0.9057 
2 0.9183 
3 0.8986 
4 0.9062 
5 0.9246 
6 0.8978 
7 0.9037 
8 0.9043 
9 0.9054 
10 0.9229 

Overall Alpha 0.9176 

5.1.9 Measurement of Results 

Measurement of results was the last implementation step that was 

evaluated in the survey questionnaire.  This implementation step deals with how 

organizations measure and use their implementation results in order to improve 

competitiveness and was identified in the survey as one of the weakest areas 

needing improvement (See Section 5.1.1).  There were 13 questions asked in this 

category and they are given in Appendix A.  Summary statistics for answers to the 

13 questions are provided in Table 5.24. 
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Table 5.24  Summary Statistics – Measurement of Results 

No. Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1 2.68 54% 2.00 4 3 0.66 
2 2.84 57% 2.02 4 4 0.67 
3 3.20 64% 1.08 4 6 0.37 
4 3.38 68% 1.01 4 9 0.36 
5 3.00 60% 1.08 4 9 0.39 
6 3.09 62% 1.09 4 9 0.39 
7 3.09 62% 1.17 4 9 0.42 
8 2.94 59% 1.06 4 8 0.38 
9 3.22 64% 1.00 4 1 0.32 
10 3.13 63% 0.91 4 6 0.31 
11 3.41 69% 1.28 4 4 0.43 
12 2.02 40% 1.77 4 2 0.57 
13 4.40 88% 1.45 4 1 0.46 

Total 3.02 60% 0.89 4 71 0.28 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

 The first two questions asked whether organizations measure the degree of 

and impact of Best Practice implementation.  Interestingly, some organizations 

responded that these questions are not applicable, which indicates that they were 

not implementing any CII Best Practices. This finding was confirmed from the 

analysis of part two of the survey data as discussed in Section 6.1.  Considering 

the large amount of resources that organizations need to commit to be CII 

members, organizations should probably take better advantage of CII Best 

Practices.  Another weakness in this section was identified in question 10.  Only 

40 percent of participants were awarding incentives based on implementation 
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results, although this was identified as one of the facilitators of implementation in 

the previous CII implementation study (CII 1995).   

In contrast, question 13 had the highest mean in this category, which 

related to participating in any benchmarking services from CII or outside 

consultants.  Considering the fact that this category had a relatively lower score 

compared to other implementation steps, it implies that most organizations rely on 

outsourced services to measure their implementation results and their internal 

measurement systems are not well established in most cases.  This finding is also 

consistent with the finding of self-audit as one of the weakest implementation 

steps as described in Section 5.1.3.  A large number of ‘Not Applicable’ responses 

showed that several participating organizations did not measure anything related 

to CII Best Practice implementation.  

Results from the ANOVA analysis in Table 5.25 show that there were 

significant mean differences between the 13 questions in this category. Internal 

reliability measures in this category were also tested and the test results are 

presented in Table 5.26. The reliability coefficient of the 13 items, Alpha, was 

0.9083 and this category was considered as containing consistent measures. 

Table 5.25  ANOVA Analysis – Measurement of Results 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  34.704 9 3.858 4.144 .00001 
Within Groups  351.750 378 .931   

Total 386.454 387    
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Table 5.26  Reliability Analysis – Measurement of Results 

Question Alpha if Item Deleted 
1 0.9052 
2 0.9010 
3 0.8947 
4 0.8936 
5 0.8951 
6 0.8971 
7 0.8932 
8 0.8965 
9 0.9091 
10 0.9025 
11 0.8997 
12 0.9121 
13 0.9148 

Overall Alpha 0.9083 

5.1.10 Summary of Implementation Steps  

This section summarizes findings from the survey part one data focusing 

on the implementation steps defined in the CII Implementation Model.  Table 

5.27 shows areas for improvement in general and specific issues to improve each 

implementation step.  Self-audit and measurements were identified as the areas 

where more room for improvement exist than the other implementation steps.  

The participating organizations were generally handling well the issues related to 

corporate commitment and corporate implementation champions.   
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Table 5.27  Analysis Summary of Implementation Steps  

Implementation 
Step 

Average 
Score 

Areas for Improvement 

Corporate 
Commitment 

3.48 - Not enough resources allocated 

Self-Audit 2.63 - Lack of self-auditing process 
- Lack of self-auditing tools 
- No documentation of self-auditing results 

Product Champions/ 
Review Boards 

3.20 - Need product implementation champions 
for specific CII practices 
- Process to review and select appropriate 
CII practices to implement 
- Benefit and cost data 

Product 
Implementation 

3.28 - Not enough resources 
- Identification of implementation barriers 
- Not enough time for implementation 

Corporate 
Implementation 

Champion 

3.48 - Measurement of results vs. planned 
- Effective use of resources 

Implementation 
Plans & Goals 

3.28 - Identification long-team and short-term 
goals for implementation 
- Lack of relevant data in preparing plans 
- Communication of plans and goals 

Product Training 3.34 - Need more training time per employee 
- Timely-offered training program 
- Need for a mechanism to identify future 
training needs 

Measure Results 3.02 - Measurement of the degree and impact of 
implementation 
- Appropriate analysis of measured data 
- Proper incentives system 

5.2 ANALYSES OF IMPLEMENTATION THEMES  

Initially, there were 10 implementation themes identified based on the 

findings from the literature review.  However, one implementation theme, 

benefits, was excluded from the analyses after testing its internal reliability, since 

the questions to this theme were not adequately consistent and the Alpha value 
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was not within the acceptable range.  The Alpha values for the 10 initial 

implementation themes are provided in Table 5.28. 

Table 5.28  Reliability Analysis – Implementation Themes 

Implementation Theme Chronbach Alpha  
Management Support 0.7796 

Resources 0.7495 
Communication 0.6939 

Continuous Improvement 0.8263 
Integration 0.8275 

Benefits 0.4057 
Culture 0.6895 

Documentation 0.7485 
Research Accessibility 0.8441 

Process 0.8533 

The nine implementation themes that are analyzed in this section included 

management support, resources, communication, continuous improvement, 

integration, culture, documentation, accessibility, and process. Detailed 

information on these nine implementation themes including their definitions can 

be found in Section 3.9.  The first subsection contains comparison information of 

the nine different implementation themes in terms of their organizational 

implementation status.  The differences in usage of different themes are addressed 

as well as general strengths and weaknesses identified among survey participants.  

Each implementation theme was analyzed in detail by looking at individual 

questions grouped to measure each implementation theme. Comparison of 

implementation themes is followed by analysis of each implementation theme in 

the following sub-sections.  Each implementation theme had a different number of 

questions and the consistency among the questions in each category was tested 
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using the SPSS® reliability test function.   Details on how each implementation 

theme was measured will be described in the following nine sub-sections by 

looking at individual questions in every theme and the internal consistencies 

among them. 

5.2.1 Comparison of Implementation Themes 

Summary statistics of the nine implementation themes are given in Table 

5.29 and differences among the implementation themes in terms of their average 

implementation scores are graphically shown in Figure 5.3. In order to investigate 

the statistical difference between the implementation themes an ANOVA analysis 

was also conducted and its results are available in Table 5.30. 

Table 5.29  Summary Statistics (by Implementation Themes) 

Themes* 1 2 3 4 5 6 7 8 9 
Mean 3.82 2.85 3.35 3.14 3.37 3.38 3.02 3.18 3.26 

Median 4.00 3.00 3.40 3.14 3.42 3.29 3.00 3.67 3.30 
Stdev.** 0.83 0.84 0.68 0.64 0.86 0.60 0.79 1.11 0.77 
Range 3.67 3.09 2.75 2.57 3.14 3.14 3.50 4.33 3.80 
Min. 1.33 1.33 2.00 1.71 1.42 1.43 1.00 0.67 0.70 
Max. 5.00 4.42 4.75 4.29 4.57 4.57 4.50 5.00 4.50 

* Notes 1: Management Support  
2: Resources 
3: Communication 
4: Continuous Improvement 
5: Integration 
6: Culture 
7: Documentation 
8: Research Accessibility 
9: Process 

** Stdev.: Standard Deviation  
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Figure 5.3  Implementation Scores by Implementation Themes (N=41) 

Table 5.30  ANOVA Analysis among Implementation Themes 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  24.451 8 3.056 4.709 0.0001 
Within Groups  233.653 360 .649   

Total 258.104 368    

As shown in Table 5.29 and Figure 5.3, ‘Resources’ and ‘Documentation’ 

were identified as the weakest areas while ‘Management Support’ had a 

considerably higher implementation score than the other implementation themes.  

This is a somewhat contradictory finding since one might think that more 

resources would be available when management supports implementation. 

However, it seemed that the respondents felt that although management was 
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saying that they supported the implementation of CII practices, there were just not 

enough resources to adequately support implementation.  This perception may be 

caused by a lack of awareness of the CII Best Practices and their potential benefits 

by management or management may not realize the amount of resources that need 

to be allocated to effectively support implementation. 

An ANOVA analysis was also conducted to evaluate whether the mean 

differences between implementation themes are statistically significant.  The 

mean differences were statistically significant since the p value from the ANOVA 

test was 0.0001 which is less than 0.05 (See Table 5.30). Complete SPSS® outputs 

from the ANOVA analysis are available in Appendix I1.  

5.2.2 Management Support 

The first implementation theme, management support, is defined as the 

perception of survey participants regarding how their management is supportive 

in implementing CII products.  There were initially four questions grouped under 

this implementation theme. However, one of the initial four questions was 

excluded from the analyses due to its negative influence on the internal reliability 

of the theme. The exclusion of one question resulted in an increase of the Alpha 

value from 0.6196 to 0.7796. The results from the reliability analysis are 

summarized in Table 5.31.  
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Table 5.31  Reliability Analysis – Management Support 

Question Alpha if Item Deleted 
1-1 0.4568 
1-7 0.5221 
4-3 0.4784 
8-12 0.7796 

Initial Alpha * 0.6196 
Final Alpha ** 0.7796 

* When including all four questions. 
** When excluding question no. 8-12. 
 

An implementation score for this implementation theme, management 

support, was calculated from averaging the three different questions in the survey 

which are questions 1-1, 1-7, and 4-3.  Summary statistics for the three individual 

questions classified under this theme are available in Table 5.32 and an ANOVA 

analysis results between them are available in Table 5.33.  As shown in Table 

5.33, the mean differences among the three questions are not statistically 

significant (Sig.=0.4>0.05), which indicates that there are no relative difference 

among the questions remaining within this theme. 

Table 5.32  Summary Statistics – Management Support 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-1 3.66 73% 1.20 4 0 0.38 
1-7 3.95 79% 0.80 4 0 0.25 
4-3 3.85 77% 0.94 4 0 0.30 

Total 3.82 76% 0.83 4 0 0.26 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
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Table 5.33  ANOVA Analysis – Management Support 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  1.821 2 .911 .924 .400 
Within Groups  118.244 120 .985   

Total 120.065 122    

5.2.3 Resources 

 The definition of “resources” is all the tangible or intangible assets that are 

allocated to support implementation of CII products, which include time, money, 

computer, incentives, etc. There were six questions from five different 

implementation steps under this implementation theme as discussed in Section 

3.9.  Internal consistencies among questions categorized in this theme were tested 

by using a reliability test as presented in Table 5.34. The initial set of questions 

remained the same after the reliability test since excluding any questions would 

not cause a dramatic increase in Alpha.  

Table 5.34  Reliability Analysis – Resource 

Question Alpha if Item Deleted 
1-10 0.6654 
2-5 0.6639 
4-5 0.6661 
4-6 0.7268 
5-4 0.6721 
8-12 0.7556 

Overall Alpha 0.7495 

Summary statistics for the six questions categorized within the resources 

theme are provided in Table 5.35 and ANOVA results between them are in Table 

5.36.  Note that many questions in this theme have considerably lower scores than 

the ones in the previous theme (See Table 5.32).  The ANOVA analysis results 
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show significant differences among the questions in terms of their average 

responses.    

Table 5.35  Summary Statistics – Resources 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-10 3.02 60% 1.27 4 0 0.40 
2-5 2.69 54% 1.00 3 2 0.37 
4-5 2.90 59% 1.10 3 5 0.35 
4-6 3.18 64% 1.08 4 1 0.35 
5-4 3.44 69% 1.98 4 5 0.67 
8-12 2.02 40% 1.77 4 2 0.57 
Total 2.87 57% 0.83 4 71 0.28 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
 

Table 5.36  ANOVA Analysis – Resources 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  44.471 5 8.894 4.574 .0001 
Within Groups  445.316 229 1.945   

Total 489.787 234    

 

As discussed in Section 5.2.1, resources had the lowest score among the 

nine implementation themes where organizations need to put more efforts to 

improve.  Although the ANOVA analysis conducted in Section 5.2.1 revealed that 

there were mean differences among the nine implementation themes, it does not 

necessarily mean that the resources theme had a statistically low implementation 

score against a particular implementation theme.   
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Since resources was considered one of the most important areas that needs 

to be improved in order to facilitate the organizational implementation of CII 

knowledge, a closer investigation was made in order to discover relationships 

between this implementation theme and the other eight individual implementation 

themes.  As a result, independent-samples t tests were conducted against the eight 

different implementation themes to evaluate the mean differences of 

implementation scores between resources and the other implementation themes.  

Table 5.37 summarizes these 8 different independent-samples t tests.  As shown 

in Table 5.37, five out of eight implementation themes were statistically different 

from resources at the 95 percent confidence level, using 2-tailed tests. One is 

significantly different at the 90 percent  confidence level, when using a 1-tailed 

test.  These analyses results showed clear separation of the resources theme from 

the other implementation themes.  Considering that resources was identified as 

one of the main implementation barriers in many related studies (Refer to Section 

3.6), it is recommended that organizations commit enough resources in order to 

improve organizational implementation efforts and in turn, to benefit more from 

implementation. 
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Table 5.37  Comparison between Resources and Other Themes 

t test for Equality of Means  Themes 
(Resources vs. ) t df Sig. 

(2-tailed) 
Mean 

Difference 
Management Support 5.179 80 0.0001* .9699 

Communication 2.907 80 0.005* .5004 
Continuous Improvement 1.726 73.585 0.089** .2908 

Integration 2.704 80 .008* .5146 
Culture 3.230 70.841 .002* .5312 

Documentation .900 80 .371 .1650 
Research Accessibility 1.490 80 .140 .3276 

Process 2.261 80 .026* .4098 
 *      Mean differences are statistically significant at the 95% confidence level. 

**   Mean difference is not statistically significant at the 95% confidence level using 2-
tailed test.  However, it is statically significant using 1-tailed test or at the 90% 
confidence level. 

5.2.4 Communication 

The communication theme was defined as effectiveness of transferring 

information from one unit to another unit within an organization and was 

measured using five different questions from four different implementation steps. 

Before analyzing the details of this implementation theme, a reliability test was 

performed to check the internal consistencies among the questions used to 

measure this theme. The results of the reliability test, presented in Table 5.38, 

shows impacts of each question on overall reliability, and the Alpha for the test, 

which was approximately 0.7. 
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Table 5.38  Reliability Analysis – Communication 

Question Alpha if Item Deleted 
1-3 0.6630 
4-4 0.6686 
5-6 0.5740 
5-7 0.5901 
6-8 0.7002 

Overall Alpha 0.6939 

 

Summary statistics for the five questions grouped to assess this theme are 

available in Table 5.39 and the ANOVA analysis results among the five questions 

are in Table 5.40.  The mean differences between the questions in this theme are 

statistically significant at the 95 percent confidence level (Sig.=0.026 < 0.05); 

therefore, organizations are recommended to focus on questions with low scores 

first (question 4-4 and 6-8)  in improving the communication theme.  Complete 

ANOVA analysis outputs are in Appendix I4. 

Table 5.39  Summary Statistics – Communication 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-3 3.39 68% 1.05 4 0 0.33 
4-4 3.14 63% 1.07 4 5 0.36 
5-6 3.58 72% 0.87 4 5 0.30 
5-7 3.74 75% 0.85 4 6 0.29 
6-8 3.13 63% 0.93 3 3 0.31 

Total 3.35 67% 0.68 4 19 0.21 
1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
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Table 5.40  ANOVA Analysis – Communication 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  10.510 4 2.627 2.834 .026 
Within Groups  167.839 181 .927   

Total 178.349 185    

5.2.5 Continuous Improvement 

The continuous improvement theme represents the degree of adherence to 

the traditional quality ‘plan-do-check-act’ model. Seven questions from four 

different implementation steps are grouped to measure the usage of this theme. 

From the reliability results provided in Table 5.41, the theme was regarded as 

reliable based on its Alpha value (Alpha = 0.80). Summary statistics of questions 

under this theme are given in Table 5.42.  An ANOVA analysis to investigate the 

differences among the seven questions in this category yielded the significance 

value of 0.88 which indicates that mean differences are not statistically significant 

(See Table 5.43). This implies that no particular strength or weakness was 

identified among the questions in this theme in terms of the level of 

implementation. Complete SPSS® ANOVA analysis results are provided in 

Appendix I5.  
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Table 5.41  Reliability Analysis – Continuous Improvement 

Question Alpha if Item Deleted 
2-7 0.7920 
6-11 0.7703 
7-7 0.7855 
7-10 0.7782 
8-3 0.7743 
8-9 0.7839 
8-10 0.7411 

Overall Alpha 0.8045 

 

Table 5.42  Summary Statistics – Continuous Improvement 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
2-7 2.82 56% 1.01 3 3 0.18 
6-11 3.18 64% 1.01 4 3 0.33 
7-7 3.55 71% 1.01 3 3 0.33 
7-10 3.05 61% 0.96 4 1 0.31 
8-3 3.20 64% 1.08 4 6 0.37 
8-9 3.22 64% 1.00 4 1 0.32 
8-10 3.13 63% 0.91 4 6 0.31 
Total 3.14 63% 0.64 4 24 0.20 

1. Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 

 

Table 5.43  ANOVA Analysis – Continuous Improvement 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  11.090 6 1.848 1.859 .088 
Within Groups  255.577 257 .994   

Total 266.667 263    
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5.2.6 Integration 

The integration theme assesses how well implemented practices are 

incorporated into existing processes within an organization which will help  

maximize the potential of the practices.  Seven questions from four different 

implementation steps were grouped to measure related issues to this theme. Table 

5.44 presents the results of a reliability test for this section, which proved the 

internal consistencies among the questions in this category.  Summary statistics 

for these questions are given in Table 5.45.  Based on the ANOVA test results 

summarized in Table 5.46, there were statistical mean differences between the 

seven questions categorized under these theme at the 95 percent confidence level 

(Sig.=0.01<0.05).  Therefore, questions with lower scores, such as question 3-4, 

should be looked at first in an attempt to improve this implementation theme. 

Complete ANOVA analysis outputs are available in Appendix I6. 

Table 5.44  Reliability Analysis – Integration 

Question Alpha if Item Deleted 
1-4 0.8165 
1-5 0.7937 
3-4 0.7938 
3-5 0.8084 
3-7 0.8110 
4-1 0.7815 
6-9 0.8232 

Overall Alpha 0.8275 
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Table 5.45  Summary Statistics – Integration 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-4 3.83 77% 0.97 4 0 0.31 
1-5 3.41 68% 1.16 4 0 0.37 
3-4 2.98 60% 1.29 4 0 0.41 
3-5 3.98 80% 0.81 3 2 0.26 
3-7 3.33 67% 1.17 4 5 0.40 
4-1 3.44 69% 1.00 4 0 0.32 
6-9 3.35 67% 1.12 4 1 0.36 

Total 3.37 67% 0.86 4 8 0.27 
1.    Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Numb er of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 

Table 5.46  ANOVA Analysis – Integration 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  28.207 6 4.701 3.909 .001 
Within Groups  327.148 272 1.203   

Total 355.355 278    

5.2.7 Culture 

The culture theme was identified based on the findings from the literature 

review as the readiness of an organization’s environment for implementing a new 

idea or practice. Six questions from three different implementation steps were 

grouped under this theme. Based on the reliability test results summarized in 

Table 5.47, all the questions are generally consistent with each other with the 

overall Alpha of 0.6895.  Answers for the questions are summarized in Table 5.48 

with their descriptive statistics.  Table 5.49 provides ANOVA analysis results 

between the six questions in this category and complete SPSS® outputs can be 

found in Appendix I7.  As shown in Table 5.49, mean differences between the six 
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questions under this theme are statistically significant (Sig.=0.006<0.05).  

Question 4-7, 4-8 had substantially lower scores than others and should be 

examined closely when trying to enhance this particular implementation theme.  

Table 5.47  Reliability Analysis – Culture 

Question Alpha if Item Deleted 
1-7 0.6841 
1-8 0.6516 
1-9 0.6515 
4-7 0.6432 
4-8 0.6352 
7-6 0.6562 

Overall Alpha 0.6895 

 

Table 5.48  Summary Statistics – Culture 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-7 4.12 82% 0.56 2 0 0.25 
1-8 3.83 77% 0.89 3 0 0.32 
1-9 3.78 76% 0.79 4 0 0.29 
4-7 3.46 67% 0.92 4 1 0.29 
4-8 3.14 63% 1.21 4 1 0.50 
7-6 3.76 75% 0.90 3 4 0.30 

Total 3.38 68% 0.60 4 6 0.19 
1.    Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 

 

Table 5.49  ANOVA Analysis – Culture 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  15.368 5 3.074 3.323 .006 
Within Groups  214.599 232 .925   

Total 229.966 237    
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5.2.8 Documentation 

Documentation involves recording of any issues related to the 

implementation process in a printed format or in a computer. This theme had the 

second lowest implementation score among the nine implementation themes as 

discussed in Section 5.2.1.  Documentation is also closely related to measuring 

the implementation results, which turned out to be one of the weakest areas from 

the analysis of the implementation steps in the CII Implementation Model (See 

Section 5.1.1).  Therefore, organizations should focus more on this theme in order 

to improve their organizational implementation efforts.   

Four questions from three sections were categorized under this theme and 

the internal consistencies among the question are tested for reliability as described 

in Table 5.50.  Answers from the survey participants for these questions are also 

summarized in Table 5.51 with their descriptive statistics.  The ANOVA analysis 

in Table 5.52 shows that mean differences between four questions under this 

theme are statistically significant (Sig.=0.036<0.05).  Based on the ANOVA 

results, question with significantly lower scores than others such as question 2-6, 

played major roles in decreasing the level of implementation of this theme; 

therefore, focuses of improvement should be on those questions. 
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Table 5.50  Reliability Analysis – Documentation 

Question Alpha if Item Deleted 
1-5 0.6815 
2-6 0.7573 
6-2 0.5918 
6-3 0.6872 

Overall Alpha 0.7485 

Table 5.51  Summary Statistics – Documentation 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-5 3.41 68% 1.16 4 0 0.37 
2-6 2.64 53% 0.90 3 2 0.38 
6-2 3.13 63% 0.99 4 1 0.32 
6-3 3.10 62% 1.06 4 1 0.34 

Total 3.02 60% 0.79 4 4 0.25 
1.  Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 

 

Table 5.52  ANOVA Analysis – Documentation 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  9.773 3 3.258 2.923 0.036 
Within Groups  173.827 150 1.114   

Total 183.600 159    

5.2.9 Research Accessibility 

Research accessibility measures how easy it is to obtain information on 

available research products and to get help in understanding research findings. 

There were three questions under this theme and they were closely related to 

product training which is the seventh implementation step. A reliability test was 

conducted to examine the internal consistencies among the questions and its 
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results are summarized in Table 5.53. The Alpha value for this theme was 0.8441, 

which can be regarded as highly reliable. Summary statistics for the questions 

related to this theme are provided in Table 5.54 and the ANOVA analysis results 

between these questions are in Table 5.55.  As shown in Table 5.55, the 

significance value from the ANOVA analysis is less than 0.05 and the mean 

differences between questions are statistically significant at the 95 percent  

confidence level.  This indicates that question 7-2 regarding the amount of 

training time compared to training needs was responsible for lowering the level of 

implementation of the research accessibility theme.  Therefore, focusing on a 

training program is recommended as the first step in improving research 

accessibility.  Complete SPSS® ANOVA analysis outputs are also available in 

Appendix I9.  

Table 5.53  Reliability Analysis – Research Accessibility 

Question Alpha if Item Deleted 
7-1 0.6614 
7-2 0.7398 
7-6 0.6616 

Overall Alpha 0.8841 

Table 5.54  Summary Statistics – Research Accessibility 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
7-1 3.29 66% 1.21 4 0 0.38 
7-2 2.93 59% 1.10 4 1 0.35 
7-6 3.76 75% 0.90 3 4 0.30 

Total 3.18 64% 1.11 4 5 0.35 
1.   Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
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Table 5.55  ANOVA Analysis – Research Accessibility 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  13.325 2 6.662 5.715 .004 
Within Groups  134.074 115 1.186   

Total 147.398 117    

5.2.10 Process 

Process mainly focuses on whether an organization has existing processes 

that are needed to effectively implement a practice, including an auditing process, 

measuring process, and practice selection process.  Ten questions from seven 

implementation steps were grouped under this theme and the results of a 

reliability test among these questions are presented in Table 5.56. In addition, 

summary statistics for the questions are provided in Table 5.57 and their mean 

differences were tested by using an ANOVA analysis as provided in Table 5.58.  

The ANOVA analysis yielded the significance value of .0001 which is less than 

0.05 and mean differences between the questions in this theme are statistically 

significant.  This indicates that organizations should  perhaps take actions to 

adequately address those question with lower means (ex: question 2-1, 3.4) in 

boosting the level of implementation of this theme.  
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Table 5.56  Reliability Analysis – Process 

Question Alpha if Item Deleted 
1-4 0.8452 
1-5 0.8372 
1-6 0.8397 
2-1 0.8363 
3-4 0.8421 
4-1 0.8278 
6-4 0.8410 
6-5 0.8515 
6-9 0.8309 
8-9 0.8458 

Overall Alpha 0.8533 

 

Table 5.57  Summary Statistics – Process 

Question Mean1 Percent2 Stdev3 Range No of NAs4 CL5 
1-4 3.83 77% 0.97 4 0 0.31 
1-5 3.41 68% 1.16 4 0 0.37 
1-6 3.32 66% 1.19 4 0 0.38 
2-1 2.76 55% 1.18 4 0 0.38 
3-4 2.98 60% 1.29 4 0 0.41 
4-1 3.44 69% 1.00 4 0 0.32 
6-4 3.59 72% 0.88 2 2 0.29 
6-5 3.57 72% 0.80 2 4 0.27 
6-9 3.35 67% 1.12 4 1 0.36 
8-9 3.22 64% 1.00 4 1 0.32 

Total 3.26 65% 0.77 5 8 0.24 
1.  Maximum Mean: 5, Minimum Mean: 1, Sample size = 41 
2. Percentage of the Maximum 
3. Standard Deviation 
4. Number of participants who answered as ‘Not Applicable’ 
5. Confidence Level (95%) 
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Table 5.58  ANOVA Analysis – Process 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  36.060 9 4.007 3.427 .0001 
Within Groups  458.251 392 1.169   

Total 494.311 401    

5.2.11 Summary of Implementation Themes 

This section summarizes findings from the survey part one data focusing 

on the implementation themes defined based on findings from the literature 

review.  Table 5.59 shows areas for improvement in general and specific issues to 

improve each implementation theme. Resources and documentation were 

identified as areas where more room for improvement exists compared to the 

other implementation themes. General strengths among the implementation 

themes were identified within the area of management support.  
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Table 5.59  Analysis Summary of Implementation Steps  

Implementation 
Step 

Average 
Score 

Areas for Improvement 

Management 
Support 

3.82 - No specific issues were identified 

Resources 2.85 - Lack of resources for implementation 
- Lack of time for implementation 
- Effective use of allocated resources  
- Lack of incentives system 

Communication 3.35 - Effective communication between 
involved parties 
- Communication of plans and goals 

Continuous 
Improvement 

3.14 - Lack of self-auditing processes 
- Lack of actions based on the self auditing 
results 
- Need for a mechanism to identify future 
training needs to continuously improve 

Integration 3.37 - Need for a system to select CII practices 
applicable to existing company processes 

Culture 3.38 - Peer support in implementation practices 
- Encouragement to related parties to 
participate in the product implementation 

Documentation 3.02 - Document ing self-auditing results and 
recommendations 
- Measurement of the degree and impact of 
implementation 

Research 
Accessibility 

3.18 - More training time per employee 
participating in the implementation process 

Process 3.26 - Lack of self-auditing process 
- Measurement process 
- CII practices review process 
- Lessons learned capturing process 
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5.3 SUMMARY 

Eight implementation steps defined in the CII Implementation Model and 

nine implementation themes developed based on the findings from the literature 

review were analyzed in detail using such statistical techniques as reliability tests 

and ANOVA analysis  in this chapter.  Analyses of implementation steps and 

themes identified general strengths and weaknesses among the participating 

organizations as shown in Table 5.60.  Specific issues that need to be addressed in 

order to improve specific implementation steps and themes are also identified and 

they are available in Section 5.1.10 and 5.2.11. 

Table 5.60  Summary of Implementation Steps and Themes 

 Implementation Steps  Implementation Themes 
Strengths  -  Corporate Commitment  

-  Corporate Implementation  
  Champion 

- Management Support 

Weaknesses - Self-audit 
- Measurement 

- Resources 
- Documentation 

In the following chapter, CII Best Practices implementation status within 

the participating organizations is analyzed based on part two of the survey.  
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Chapter 6:  CII Best Practices Implementation Status 

As discussed in Section 2.1.3, the second part of the survey was developed 

to measure the number of best practices implemented within a participating 

organization as well as the degree of best practices implementation at the 

organizational level.  In this chapter, the numbers of best practices implemented 

by respondents are analyzed first and compared with their CKII to identify 

relationships between the organizational implementation effort and CII Best 

Practice implementation. In analyzing the number of CII Best Practices 

implemented, both overall and individual CII Best Practice usages are examined. 

In addition, the differences between owners and contractors and organizations 

with ICs and those without ICs in terms of CII Best Practices implementation are 

highlighted. Finally, the degree of implementation for each of 11 Best Practices is  

discussed.  

6.1 OVERALL BEST PRACTICES USAGE 

From the data in part two of the survey, it was identified that participating 

organizations were implementing different numbers of best practices at the 

organizational level.  Table 6.1 summarizes the number of best practices being 

implemented by individual organizations that participated in this study.  Figure 

6.1 graphically shows the distribution of the number of CII Best Practices 

implemented by the organizations that participated.   
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Table 6.1  Number of CII Best Practices Implemented within Organizations  

Number of CII Best Practices 
Implemented 

Number of Organizations  

0 4 
1 1 
2 3 
3 6 
4 4 
5 1 
6 5 
7 2 
8 4 
9 6 
10 4 
11 1 

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8 9 10 11

 

Figure 6.1  Number of Best Practices Implemented 

Figure 6.1 shows that there were extremes on both ends of the distribution.  

Some organizations were implementing none or a very small number of CII Best 

Practices and eight organizations, which represent approximately 20 percent  of 

Number of Best Practices Implemented 
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survey participants, were only utilizing two or fewer CII Best Practices out of 11 

available. In contrast, other organizations were implementing most of the 

available CII Best Practices and 27 percent of participating organizations were 

using nine or more Best Practices.  On average, participating organizations 

implemented 5.5 CII Best Practices out of the 11 defined in the CII Knowledge 

Structure, which is approximately 50 percent of the available Best Practices. 

Considering the fact that the potential of these Best Practices are proven by the 

CII Best Practice screening process, organizations should probably try to 

implement more Best Practices as they are applicable to their business processes.   

6.1.1 Comparison between Owners and Contractors  

An independent-samples t test was used to assess the differences between 

owners and contractors in terms of the number of CII Best Practices implemented 

within organizations.  Among 41 organizations that participated, 22 were owner 

firms and 19 were contractors.  Figure 6.2 shows the differences between owners 

and contractors in terms of the average number of Best Practices that 

implemented.  Participating contractor organizations implemented approximately 

0.7 more Best Practices on average as compared to owners.   

5.18

5.95

0 1 2 3 4 5 6 7

Owners

Contractors

 

Figure 6.2  Best Practices Usage: Owners versus Contractors  

Average Number of Best Practices Implemented 

(N = 22) 

(N = 19) 
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In order to test the statistical significance of the differences between 

owners and contractors, an independent-samples t test was conducted.  Table 6.2 

presents the results of the test and the significance value from the test was 0.47 

which was greater than 0.05.  Therefore, the mean difference between owners and 

contractors in terms of the number of CII Best Practices implemented is not 

statistically significant. 

Table 6.2  Independent t test: Number of Best Practices Implemented: 
Owners vs. Contractors  

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (2-Tailed) 
Equal Variances 

Assumed * 
0.029 .866 -.73 39 .468 

Equal Variances  
Not Assumed 

  -.73 37.64 .470 

* ‘Equal Variances Assumed’ used since L=0.866 > 0.05 
 

6.1.2 Comparison between Organization with ICs and those without ICs 

The same analysis techniques used in the previous section were employed 

to compare organizations with designated CII ICs and those without ICs in terms 

of the number of CII Best Practices implemented.  An average of 5.70 Best 

Practices were implemented by 27 organizations with ICs, while 14 organizations 

without ICs implemented an average of 5.21 best practices as shown in Figure 

6.3.  Table 6.3 presents the results of the independent-samples t test conducted on 

the two sample groups to investigate whether the differences are statistically 

significant.  Based on the significance value from the test, the differences between 

two groups were not statistically significant. 
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Figure 6.3  Best Practices Usage: Organizations with ICs  
versus those without ICs 

Table 6.3  Independent t test: Organizations with ICs  
versus those without ICs 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (2-Tailed) 
Equal Variances 

Assumed * 
2.046 .161 .443 39 0.660 

Equal Variances  
Not Assumed 

   21.5 0.683 

* ‘Equal Variances Assumed’ used since L=0.161 > 0.05 

6.2 INDIVIDUAL BEST PRACTICE USAGE 

In the last section, overall best practice usage was assessed based on the 

total number of Best Practices implemented within the organization.  In this 

section, the popularity of each of 11 CII Best Practices is described in terms of the 

number of organizations that implemented the specific Best Practices.  

Differences between owners and contractors and between organization with ICs 

and those without ICs are also described based on their use of the 11 individual 

practices.  

Average Number of Best Practices Implemented 

(N = 27) 

(N = 14) 
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6.2.1 Usage of 11 CII Best Practices 

The first section of part two of the survey was used to measure which of 

11 CII Best Practices were implemented by the organizations. Survey participants 

were asked to indicate all the Best Practices that were being implemented within 

their organizations.  Based on 41 survey responses, the overall usage of the 11 CII 

Best Practices were summarized in Table 6.4.  Figure 6.4 shows the distribution 

of the number of organizations that implemented specific CII Best Practices. 

Table 6.4  CII Best Practices Usage 

CII Best Practice Number of Organizations  Percentage* 
Pre-Project Planning 33 80.5% 

Zero Accident Techniques 26 63.4% 
Constructability 26 63.4% 
Team Building 24 58.5% 

Partnering 24 58.5% 
Change Management 23 56.1% 

Alignment 20 48.8% 
Quality Management 20 48.8% 
Design Effectiveness 13 31.7% 

Materials Management 12 29.3% 
Dispute Resolution 6 14.6% 
* Percentage of participants that implemented the practice. 
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Figure 6.4  CII Best Practices Usage  

 As described in Table 6.4 and Figure 6.4, pre-project planning was 

identified as the most widely implemented practice among the CII member 

organizations that participated.  Zero accident techniques and constructability 

were also popular and approximately 64 percent of participants responded that 

they were implementing them.  However, some of the Best Practices were rarely 

implemented among the organizations.   Those practices with low use included 

design effectiveness, materials management, and dispute resolution.  In particular, 

dispute resolution was implemented by just 15 percent  of the participating 

organizations.   

There could be many reasons for some of the CII Best Practices not being 

used extensively, such as limited applicability of the practices, lack of awareness, 
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and availability of related resources.  In addition, there might have been some 

interactions between implementation of CII Best Practices; for example, proper 

use of partnering and team building could reduce potential for disputes and some 

organizations might not need a comprehensive dispute resolution process. 

However, implementation of those practices with low use should be promoted 

because the CII Best Practice screening process presented in Section 3.4.1 has 

proven the value of all CII Best Practices. 

6.2.2 Comparison between Owners and Contractors  

Owners and contractors play different roles in executing construction 

projects and their focus is different, although the ultimate goal of the both parties 

is to have successful projects.  As their roles and areas of concentration are 

different, it was predicted that there would be different sets of Best Practices in 

which owners or contractors would be more interested.  In other words, there 

might be some Best Practices that were mainly implemented by either the owners 

or contractors. In order to evaluate the differences between owners and 

contractors, the number of owners and contractors that indicated they were 

implementing specific CII Best Practices were investigated as summarized in 

Table 6.5.  Figure 6.5 graphically shows the differences between the two sample 

groups in terms of their usage of individual practices.   
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Table 6.5  Individual CII Best Practices Implementation:  
Owners (N=22) versus Contractors (N=19) 

CII Best Practice #of O’s*1 %of O’s*2 #of C’s*3 %of C’s*4 
Pre-Project Planning 18 82% 15 79% 

Alignment 13 60%*5 7 32% 
Constructability 14 64% 12 63% 

Design Effectiveness 9 41%*5 4 18% 
Materials Management 2 9% 10 53%6 

Team Building 13 60% 11 58% 
Partnering 13 60% 11 58% 

Quality Management 9 41% 11 58% 
Change Management 11 50% 12 63% 
Dispute Resolution 1 5% 5 23%6 

Zero Accident Techniques 11 50% 15 79%6 
  Notes: 1. Number of Owners  2. Percentage of Owners    

3. Number of Contractors  4. Percentage of Contractors   
5. Mainly implemented by owners 6. Mainly implemented by contractors 
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Figure 6.5  CII Best Practices Implementation: Owners versus Contractors  
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Differences between the two groups in terms of CII Best Practices 

implementation did appear as shown in Table 6.5.  For example, while 60 percent  

of owners were implementing alignment, only 32 percent of contractors used it. 

Design effectiveness was also implemented mainly by owners.  In contrast, 

materials management was implemented by 53 percent of contractors that 

participated in the survey but by only 9 percent of owners.  Dispute resolution and 

zero accident techniques were also implemented by more contractors than by 

owners.  There were also some practices that were almost evenly implemented by 

owners and contractors such as pre-project planning, team building, partnering 

and constructability.  Table 6.6 lists the top CII Best Practices for owners and 

contractors based on the percentage of organizations that implemented specific 

practices within each group.  Note that change management is within the top 3 

ranks for contractors, while alignment, team building, and partnering are only 

listed under owners. 

Table 6.6  Top Best Practices for Owners and Contractors  

Owners Contractors  
Rank CII Best Practice (%*1) Rank CII Best Practice(%*2) 

1 Pre-Project Planning (82%) 1 Zero Accident Techniques (79%) 
2 Constructability (64%) 1 Pre-Project Planning (79%) 
3 Alignment (60%) 3 Constructability (63%) 
3 Team Building (60%) 3 Change Management (63%) 
3 Partnering (60%)   

* 1. Percentage of owners that implemented the practice. 
* 2. Percentage of contractors that implemented the practice. 

Differences between the two groups presented in Table 6.5 were also 

tested by using a series of independent-samples t tests in order to evaluate their 

statistical significance. The results of the tests summarized in Table 6.7 show that 
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materials management, dispute resolution, and zero accident techniques are 

significantly different between owners and contractors.  Differences in the other 

Best Practices turned out to be not statistically significant.  Based on the findings 

presented in this section, it is recommended that organizations  focus 

implementation support toward owners’ or contractors’ Best Practices based on its 

role in construction projects. 

Table 6.7  Independent t tests Results in CII Best Practice Implementation: 
Owners versus Contractors  

t-test for Equality of Means  CII Best Practice 
t df Sig. 

(2-tailed) 
Mean 

Difference 
Pre-Project Planning .23 39 .82 .03 

Alignment 1.42 39 .16 .22 
Constructability .031 39 .97 .00 

Design Effectiveness 1.38 39 .176 .20 
Material Management * -3.26 39 .01 -.44 

Team Building .076 39 .94 .01 
Partnering .076 39 .94 .01 

Quality Management -1.07 39 .29 -.17 
Change Management -.83 39 .41 -.13 
Dispute Resolution * -1.92 39 .05 -.22 

Zero Accident Techniques * -1.99 39 .05 -.29 
 * Statistically significant 

6.2.3 Comparison between Organizations with ICs and those without ICs 

 Differences between organizations with ICs and those without ICs were 

also assessed using the same techniques as presented in the previous section.  As 

previously discussed, all CII ICs are invited to biannual IC workshops hosted by 

CII to facilitate implementation of CII products. Considering that more 

implementation aids are available to CII, organizations with ICs should have a 
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better understanding of how to implement CII products compared to those without 

ICs. Organizations with ICs were compared with those without ICs in terms of 

individual CII Best Practices implementation and the results are summarized in 

Table 6.8. The differences are also illustrated in Figure 6.6 using a bar chart.  

Table 6.8  Individual CII Best Practices Implementation:  
Organization with ICs (N=27) versus  those without ICs (N=14)*1 

CII Best Practice # of W’s1 % of W’s2 # of Wo3 % of Wo4 
Pre-Project Planning 24 89%5 9 64% 

Alignment 15 56% 5 36% 
Constructability 19 70% 7 50% 

Design Effectiveness 11 41%5 2 14% 
Materials Management 6 22% 6 43%6 

Team Building 16 59% 8 57% 
Partnering 17 63% 7 50% 

Quality Management 11 41% 9 64%6 
Change Management 15 56% 8 57% 
Dispute Resolution 4 15% 2 14% 

Zero Accident Techniques 16 59% 10 71%6 
Notes: 1. Number of organizations with ICs  2. Percentage of organizations implemented 
 3. Number of organizations without ICs  4. Percentage organizations implemented  
 5. Mainly implemented by organizations with ICs  by % 

6. Mainly implemented by organizations without ICs  by % 
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Figure 6.6  CII Best Practices Implementation: 
Organizations with ICs versus those without ICs 

 As described in Table 6.8, some differences were identified between the 

organizations with ICs and those without ICs.  However, the differences were not 

as extensive as those between owners and contractors as discussed in the previous 

section. Approximately 20 percent more organizations with ICs were 

implementing pre-project planning, constructability, design effectiveness, and 

alignment.  Conversely, materials management and quality management were 

used by more organizations that did not have ICs.  Independents-samples t tests 

were also conducted to see whether these differences were statistically significant  

as described in Table 6.9.   
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Table 6.9  Independent t tests Results in CII Best Practice Implementation: 
Organizations with ICs versus those without ICs 

t-test for Equality of Means CII Best Practice 
t df Sig. 

(1-tailed) 
Mean 

Difference 
Pre-Project Planning* 1.94 39 .031 .25 

Alignment 1.20 39 .119 .20 
Constructability 1.28 39 .105 .20 

Design Effectiveness* 1.23 39 .030 .26 
Materials Management -1.29 39 .104 -.21 

Team Building .127 39 .445 .02 
Partnering .79 39 .218 .13 

Quality Management -1.43 39 .080 -.24 
Change Management -.10 39 .462 -.02 
Dispute Resolution .04 39 .483 .01 

Zero Accident Techniques -.75 39 .248 -.12 
 * Statistically significant (0.05) 

Since it was expected that organizations with ICs would implement more 

individual Best Practices than organizations without ICs, one-tailed tests were 

used instead of two-tailed tests.  Based on the test results presented in Table 6.9, 

pre-project planning and design effectiveness are implemented significantly more 

by organizations with ICs than by those without ICs.  However, differences in the 

other Best Practices were not statistically significant. CII may want to use these 

findings in promoting the use of particular CII Best Practices; for example, 

detailed information on CII Best Practices that were rarely implemented by the 

organizations with ICs designated as well as corresponding benefits of their 

implementation can be provided to CII ICs at a CII biannual IC workshop. 

6.3 COMPARISON OF THE CKII WITH BEST PRACTICE IMPLEMENTATION 

In order to identify the relationships between the CII Best Practices 

implementation with the organizational implementation effort represented by 
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CKII, the organizations that participated were divided into three different groups 

based on the number of CII Best Practices implemented within their 

organizations. The organizations implementing 9 or more Best Practices were 

categorized as aggressive implementers and those implementing 3 or less Best 

Practices were classified as passive implementers. The organizations in between 

were grouped as average implementers. Once groupings of the organizations were 

completed, the organizational implementation status of each group was examined 

in terms of its average CKII score and the results are summarized in Table 6.10. 

Table 6.10  Number of Best Practices Implemented versus CKII 

CKII Group No. of 
BPs4 

N5 
Mean Stdev. Min. Max. Range 

11 9-11 11 132 21.56 98 158 70 
22 4-8 16 114 26.45 76 167 91 
33 0-3 14 102 20.54 56 133 77 

Total 0-11 41 114 26.09 56 167 111 
   Notes 1: Aggressive Implementers 

2: Average Implementers 
3: Passive Implementers 
4: Number of Best Practices Implemented 
5: Number of organizations in each group. 

 As shown in Table 6.10, organizations with higher CKII scores generally 

implemented more CII Best Practices than those with lower scores. To test the 

statistical differences of these mean differences of CKII among the three groups, 

an ANOVA test was conducted and the results are presented in Table 6.11. The p 

value drawn from the ANOVA test was 0.01 which was less than 0.05. Thus, the 

mean differences of CKII among the three groups were statistically significant. 

The analysis of CKII with the number of Best Practices implemented provided 

insight on the impact of the overall implementation effort on the CII Best 
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Practices usage and also a means of validating CKII itself.  A regression analysis 

was also conducted to further analyze the relationship between the CKII and 

organizational CII Best Practice implementation.  However, the results are not 

included in this dissertation since the level of correlation between the two 

measures was relatively low. 

Table 6.11  ANOVA Analysis:  
CKII versus  Number of Best Practices Implemented 

 Sum of Squares df Mean Square  F Sig. 
Between Groups 5648.921 2 2824.460 5.204 0.010 
Within Groups  20624.863 38 542.760   

Total 26273.784 40    

6.4 DEGREE OF CII BEST PRACTICE IMPLEMENTATION 

The second part of the survey consisted of 11 sections, which correspond 

to the 11 Best Practices defined in the CII Knowledge Structure. Each section in 

part two of the survey had the same types of the questions for each Best Practice 

and the first two questions in every section were to measure of whether a Best 

Practice was implemented at the organizational level and/or at the project level. 

Questions on the frequency of the implementation and duration of the 

implementation since first implementation were followed as the third and fourth 

questions. The rest of the questions in each section were designed to measure 

general issues that need to be addressed to effectively implement the CII Best 

Practice.  
In each of the 11 following subsections, the first four questions in each 

section of the survey part two were analyzed first, including organizational 

implementation, project level implementation, and frequency and the duration of 
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implementation of specific Best Practices. The rest of the questions in each 

section in part two of the survey were used in developing an implementation 

index for the corresponding Best Practice, which quantifies the degree of 

implementation of a Best Practice ranging in value from 0 to 100. The index was 

developed by following the same process of the CKII development described in 

Section 4.3. An example of calculating pre-project planning implementation index 

is given in Figure 6.7.   Implementation indices for the other 10 CII Best Practices 

were calculated following the same procedures illustrated in Figure 6.7. 
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Add up scores of question
5 through 15 in survey

section 2-1

Exclude ‘Not-Applicable’
questions

Calculate the maximum
and minimum score

Normalize the total
(Min.: 0, Max.: 100)

Total = 3 (q2-1.5)+5 (q2-1.6)+
…..+5 (q2-1.15) = 35

Number or N/A questions (A): 2

Maximum = (11 - A) X 5 = 45
Minimum = (11 - A) X 1= 9

Maximum: Total = 100: PPP

PPP Implementation Index PPP Implementation Index = 76

Adjust max. and min. with
min. = 0

Maximum =55 - 9 = 46
Minimum = 9 - 9 = 0

PROCESS EXAMPLE

 

Figure 6.7  Pre-Project Planning Implementation Index Calculation Process 

Finally, since the same types of questions were asked for 11 CII Best 

Practices, the implementation indices for 11 Best Practices were compared and 

analyzed in terms of relative intensities of implementation among the 

participating organizations and the results are provided in the following sections. 
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6.4.1 Pre-Project Planning 

Pre-project planning (PPP) was utilized by 33 among the 41 organizations 

that participated and was identified as the most widely used CII Best Practice as 

discussed in 6.2.1. PPP has been one of the most popular CII process/product 

during the past few years and the nature of the respondents involved in planning 

may have contributed to obtaining this result.  As shown in Figure 6.8, 21 of 33 

PPP implementers were implementing it at the organizational level while 32 

organizations implemented at the project level.  Nineteen of 33 PPP implementers 

were using PPP in most projects while some organizations implemented PPP on 

all projects as illustrated in Figure 6.9.  Figure 6.10 shows that most organizations 

had implemented PPP for more than one year with the exception of four 

organizations.  

PPP implementation indices for 33 organizations that implemented PPP 

were calculated with the data from the survey part two and they are summarized 

in Table 6.12. The average PPP implementation index for 33 organizations was 72 

out of a maximum of 100.  The distribution of the PPP implementation index is 

illustrated in Figure 6.11. 

21

32

0 4 8 12 16 20 24 28 32

Number of Organizations (N=33)

Implemented at the
Organizational Level

Implemented at the
Project Level

 

Figure 6.8  Organizational and Project Level Implementation – 
Pre-Project Planning 
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Figure 6.9 Frequency of Implementation – Pre-Project Planning 
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Figure 6.10  Implementation Duration – Pre-Project Planning 

Table 6.12  Summary Statistics –  
Pre-Project Planning Implementation Index 

Mean 72 
Median 75 

Standard Deviation 15.01 
Skewness -0.35 

Range 55 
Minimum 40 
Maximum 95 

Sample Size  33 
*Confidence Level (CL) (95%) 5.32 

* 95 % of values are within mean ± CL. 
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Figure 6.11  Pre-Project Planning Implementation Index 

6.4.2 Alignment 

Among the 41 organizations participating in this study, alignment was 

implemented by 20 organizations. Twelve organizations  implemented the Best 

Practice at the organizational level while 19 organizations implemented at the 

project level (See Figure 6.12). Frequency and duration of alignment 

implementation are provided in Figures 6.13 and 6.14, respectively.  An 

alignment implementation index was also developed to measure the degree of 

implementation and summary statistics for the indices of the 20 organizations that 

implemented alignment are presented in Table 6.13. Figure 6.15 illustrates the 

distribution of the alignment indices.  

 

N
u

m
b

er
 o

f O
rg

an
iz

at
io

n
s

 

PPP Implementation Index (N=33) 
(dafjdkjeiwrwodfjkalfjdskfajdskfiewarjkdfsj



 191 

12

19

0 4 8 12 16 20

Number of Organizations (N=20)

Implemented at the
Organizational

Level

Implemented at the
Project Level

 

Figure 6.12  Organizational and Project Level Implementation – Alignment 
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Figure 6.13  Frequency of Implementation - Alignment 

0 1
3

7 7

0

1

2

3

4

5

6

7

Less than 6
mos.

6 - 12 Mos. 1- 2 Yrs. 2- 4 Yrs. More than 4
Yrs.

 

Figure 6.14  Implementation Duration - Alignment 
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Table 6.13  Summary Statistics – Alignment Implementation Index 

Mean 53 
Median 53 

Standard Deviation 23.19 
Skewness -0.68 

Range 84 
Minimum 0 
Maximum 84 

Sample Size  20 
Confidence Level (95%) 10.86 
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Figure 6.15  Alignment Implementation Index 

6.4.3 Constructability 

Constructability was identified as the second most commonly used Best 

Practice with 26 of 41 survey participants implement ing it. All 26 organizations 

implemented this practice at the project level, but only 17 of them used it at the 

organizational level as described in Figure 6.16. The majority of the organizations 

that implemented constructability applied this practice in most or all of their 

projects as shown in Figure 6.17.  Figure 6.18 also shows that most organizations 
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had been implementing this for more than two years and only 2 of 26 

organizations started using this practice within the last one year. The 

constructability implementation index measuring the level of constructability 

usage was developed and 26 calculated indices for the organizations 

implementing constructability are summarized in Table 6.14.  The level of 

constructability usage among the 26 organizations is also illustrated in Figure 6.19 

in terms of its distribution. 

 

17

26

0 4 8 12 16 20 24

Number of Organizations (N=26)

Implemented at the
Organizational

Level

Implemented at the
Project Level

 

Figure 6.16  Organizational and Project Level Implementation – 
Constructability 
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Figure 6.17  Frequency of Implementation - Constructability 
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Figure 6.18  Implementation Duration - Constructability 

Table 6.14  Summary Statistics – Constructability Implementation Index 

Mean 66 
Median 73 

Standard Deviation 17.66 
Skewness -1.08 

Range 66 
Minimum 20 
Maximum 86 

Sample Size  26 
Confidence Level (95%) 7.13 
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Figure 6.19  Constructability Implementation Index 
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6.4.4 Design Effectiveness 

Based on the survey results, 13 out of 41 organizations implemented 

design effectiveness.  Among the 13 organizations that implemented this practice, 

six of them used it at the organizational level while 12 organizations  implemented 

at the project level as shown Figure 6.20. Information on how often organizations 

implemented this practice and on how long it had been implemented are presented 

in Figures 6.21 and 6.22. The design effectiveness implementation index, 

quantifying the degree of its implementation, was developed and summary 

statistics of the indices for the 13 organizations that implemented design 

effectiveness are presented in Table 6.15. Distribution of the indices is graphically 

shown in Figure 6.23. 
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Figure 6.20  Organizational and Project Level Implementation –  
Design Effectiveness 
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Figure 6.21  Frequency of Implementation – Design Effectiveness 
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Figure 6.22  Implementation Duration – Design Effectiveness 

Table 6.15  Summary Statistics –  
Design Effectiveness Implementation Index 

Mean 53 
Median 53 

Standard Deviation 21.90 
Skewness -0.41 

Range 71 
Minimum 11 
Maximum 82 

Sample Size 13 
Confidence Level (95%) 13.91 
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Figure 6.23  Design Effectiveness Implementation Index 

6.4.5 Materials Management 

Approximately 30 percent of survey respondents, or 12 organizations, 

implemented materials management.  However, only 11 data points were used for 

the analyses since one participant failed to properly complete the corresponding 

section of the survey.  Among these organizations that indicated they were 

implementing the Best Practice, nine used it at the organizational level while 11 

were using it at the project level (See Figure 6.24).  Frequencies and duration of 

materials management implementation within the organizations are presented in 

Figures 6.25 and 6.26, respectively.  The level of implementation of this practice 

as summarized in Table 6.16 indicates a high degree of implementation among 

those organizations that implemented the practice.  As illustrated in Figure 6.27, 

none of 11 organizations scored less than 50 in the materials management 

implementation index, which confirms the high intensity of usage when it is 

implemented.   
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Figure 6.24  Organizational and Project Level Implementation –  
Materials Management 
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Figure 6.25  Frequency of Implementation – Materials Management 
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Figure 6.26  Implementation Duration – Materials Management 
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Table 6.16  Summary Statistics –  
Materials Management Implementation Index 

Mean 74 
Median 77 

Standard Deviation 11.22 
Skewness -1.07 

Range 33 
Minimum 53 
Maximum 86 

Sample Size  11 
Confidence Level (95%) 7.54 

0 0 0 0 0

2

1

3

5

0
0

0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

 

Figure 6.27  Materials Management Implementation Index 

6.4.6 Team Building 

Twenty-four out of 41 organizations participating in the survey 

implemented team building. As shown in Figure 6.28, all of the 24 organizations 

using team building implemented it at the project level and 14 of those utilized it 

at the organizational level as well. Frequencies of usage within the organizations 

are summarized in Figure 6.29 and the durations showing how long the 

organizations had been implementing this practice are described in Figure 6.30.  
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A team building implementation index which assesses the level of its 

implementation effort was developed and calculated for the 24 organizations. 

Summary statistics of these 24 team building implementation indices are provided 

in Table 6.17 and their distribution is illustrated in Figure 6.31.  
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Figure 6.28  Organizational and Project Level Implementation –  
Team Building 
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Figure 6.29  Frequency of Implementation – Team Building 
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Figure 6.30  Implementation Duration – Team Building 

Table 6.17  Summary Statistics – Team Building Implementation Index 

Mean 53 
Median 53 

Standard Deviation 24.85 
Skewness -0.31 

Range 95 
Minimum 0 
Maximum 95 

Sample Size  24 
Confidence Level (95%) 10.49 
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Figure 6.31  Team Building Implementation Index 
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6.4.7 Partnering 

Twenty-four of 41 participating organizations reported that they 

implemented partnering within their organizations. Partnering implementation at 

the organizational level was much higher than those of other Best Practices with 

22 of the 24 organizations implemented partnering at the organizational level (See 

Figure 6.32).  Frequencies of its implementation and the duration since the first 

implementation for this practice are described in Figures 6.33 and 6.34, 

respectively. Table 6.18 provides summary statistics of partnering implementation 

indices, which were developed to measure the overall status of partnering 

implementation. Figure 6.35 presents the distribution of the 24 partnering 

implementation indices.  
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Figure 6.32  Organizational and Project Level Implementation – Partnering 
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Figure 6.33  Frequency of Implementation – Partnering 
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Figure 6.34  Implementation Duration – Partnering 

Table 6.18  Summary Statistics – Partnering Implementation Index 

Mean 59 
Median 61 

Standard Deviation 21.26 
Skewness -0.31 

Range 84 
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Sample Size  24 
Confidence Level (95%) 8.98 
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Figure 6.35  Partnering Implementation Index 

6.4.8 Quality Management 

Among 41 participating organizations, quality management was 

implemented by 20 organizations. All of the 20 organizations employed this 

practice at the project level while 16 used it at the organizational level as shown 

in Figure 6.36.  Quality management was generally implemented quite frequently 

at the project level as described in Figure 6.37 and all the 20 organizations started 

using this practice more than two years ago (See Figure 6.38). An implementation 

index for quality management was also developed and calculated for the 

organizations that implemented this practice. Summary statistics of the quality 

management implementation indices are provided in Table 6.19 and the 

distribution of the indices is illustrated in Figure 6.39.  
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Figure 6.36  Organizational and Project Level Implementation –  
Quality Management 
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Figure 6.37  Frequency of Implementation – Quality Management 
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Figure 6.38  Implementation Duration – Quality Management 
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Table 6.19  Summary Statistics –  
Quality Management Implementation Index 

Mean 67 
Median 75 

Standard Deviation 21.25 
Skewness -1.76 

Range 91 
Minimum 0 
Maximum 91 

Sample Size  20 
Confidence Level (95%) 9.94 
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Figure 6.39  Quality Management Implementation Index 

6.4.9 Change Management 

Twenty-three out of 41 organizations participating in the survey 

implemented change management. As shown in Figure 6.40, more organizations 

implemented this practice at the project level than those using it at the 

organizational level. Frequencies of change management implementation within 

the 23 organizations are described in Figure 6.41 and information on how long 

this practice has been implemented is presented in Figure 6.42. A change 
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management implementation index was used to assess the level of change 

management implementation and summary statistics of the calculated indices for 

the 23 organizations are available in Table 6.20. In addition, Figure 6.43 

illustrates how the change management indices among the organizations are 

distributed.  
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Figure 6.40  Organizational and Project Level Implementation –  
Change Management 
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Figure 6.41  Frequency of Implementation – Change Management 
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Figure 6.42  Implementation Duration – Change Management 

Table 6.20 Summary Statistics – Change Management Implementation Index 

Mean 72 
Median 70 

Standard Deviation 16.13 
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Figure 6.43  Change Management Implementation Index 
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6.4.10 Dispute Resolution 

Dispute resolution was only implemented by six organizations among 41 

companies that participated in the survey. All of the six organizations 

implemented dispute resolution at the project level and five of them used it at the 

organizational level as well (See Figure 6.44).  Summaries on its frequencies and 

duration of implementation are available in Figures 6.45 and 6.46. Table 6.21 

summarized the dispute resolution indices for the six organizations and the 

distribution of the indices is illustrated in Figure 6.47. 
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Figure 6.44  Organizational and Project Level Implementation –  
Dispute Resolution 
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Figure 6.45  Frequency of Implementation – Dispute Resolution 
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Figure 6.46  Implementation Duration – Dispute Resolution 

Table 6.21 Summary Statistics – Dispute Resolution Implementation Index 

Mean 64 
Median 64 

Standard Deviation 21.56 
Skewness 0.80 

Range 61 
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Sample Size  6 
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Figure 6.47  Dispute Resolution Implementation Index 
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6.4.11 Zero Accident Techniques 

Zero accident techniques was the second most popular Best Practice as 

described in Section 6.2.1 and 26 out of 41 organizations that participated 

implemented this practice.  All of the 26 organizations implemented it at the 

project level and 24 of them used it at the organizational level as well (See Figure 

6.48).  As described in Figure 6.49, almost all of the organizations implemented 

this practice in all projects in which they were involved, which was the highest 

ratio among the 11 CII Best Practices.  Figure 6.50 provides information on when 

the organizations started implementing zero accident techniques.  The zero 

accident implementation indices developed for the 26 organizations showed the 

highest degree of implementation among the 11 CII Best Practices as well.  Table 

6.22 provides summary statistics of the indices and their distribution among the 

organizations is presented in Figure 6.51. 
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Figure 6.48  Organizational and Project Level Implementation –  
Zero Accidents Techiniques 
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Figure 6.49  Frequency of Implementation – Zero Accident Techniques 
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Figure 6.50  Implementation Duration – Zero Accident Techniques 

Table 6.22 Summary Statistics –  
Zero Accident Techniques Implementation Index 

Mean 86 
Median 84 

Standard Deviation 12.90 
Skewness -0.47 

Range 19 
Minimum 61 
Maximum 100 

Sample Size  26 
Confidence Level (95%) 5.21 
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Figure 6.51  Zero Accident Techniques Implementation Index 

6.5 COMPARISON OF THE 11  CII BEST PRACTICES  

The level of each Best Practice implementation was analyzed in the 

previous sections and an implementation index for each Best Practice was also 

developed.  Average degrees of individual practices implementation based on 

their implementation indices among the organizations that participated in this 

study are provided in Table 6.23.  
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Table 6.23 Degree of CII Best Practices Implementation 

CII Best Practice 
Average Degree of 
Implementation* 

(Min.=0, Max.=100) 

No. of Organizations 
Implemented (%) 

(N=41) 
Zero Accident Techniques 85 26 (63%) 
Materials Management 74 12 (29%) 
Pre-Project Planning 72 33 (80%) 
Change Management 72 23 (56%) 
Quality Management 67 20 (49%) 
Constructability 66 26 (63%) 
Dispute Resolution 63 6 (15%) 
Partnering 59 24 (59%) 
Alignment 53 20 (32%) 
Design-Effectiveness 53 13 (49%) 
Team Building 52 24 (59%) 

* Based on the implementation index for each Best Practice 
* When implemented 

 As presented in Table 6.23, zero accident techniques, pre-project planning, 

materials management, and change management had relatively higher 

implementation scores than the other Best Practices.  In contrast, alignment, and 

design-effectiveness, team-building and partnering were identified as the ones 

with lower implementation scores. In order to test the statistical significance of 

the mean differences, an ANOVA test was conduc ted using SPSS® and its results 

are provided in Table 6.24. The p value from the test was much less than 0.05, 

thus the mean among the 11 CII Best Practices in terms of the degree of 

implementation are statistically significant. The complete ANOVA analysis 

results with multiple variables comparison data are available in Appendix J.  
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Table 6.24 ANOVA Analysis – Degree of CII Best Practices Implementation 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  23842.550 10 2384.255 6.609 .00001 
Within Groups 77197.912 214 360.738   

Total 101040.46 224    

6.6 COMPARISON OF ORGANIZATIONAL CII BEST PRACTICES 
IMPLEMENTATION WITH PROJECT-LEVEL IMPLEMENTATION 

As discussed in the previous section, the degree of organizational CII Best 

Practices implementation was measured by using data from the survey part two.  

CII BM&M also keeps track of the degree of CII Best Practices implementation at 

the individual project level.  However, CII BM&M collects this project- level Best 

Practices implementation data on five out of 11 CII Best Practices including pre-

project planning, constructability, change management, team building, and safety.  

These project- level indices have zero to 10 scales based on the intensity of 

particular CII Best Practice implementation at the project level.  Details of these 

practice use indices are provided in Section 7.4. 

Table 6.25 presents comparison information between organizational- level 

implementation and project- level implementation of CII Best Practices. Project-

level indices were converted into zero to 100 scales for the convenience of 

comparison. As shown in Table 6.25, the two measures have similarities 

especially in terms of the order of the implementation intensities.  This implies 

that organizations having better organizational- level support for CII Best 

Practices implementation usually implement those practices more rigorously on 

individual projects. This positive relationship also shows the validity of the 

organizational CII Best Practices implementation indices. 
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Table 6.25  CII Best Practice Implementation  

(Organization-Level vs. Project Level) 
 

CII Best Practice 
Organization-Level 

Implementation 
(Min:0, Max:100) 

Project-Level 
Implementation 

(Min:0, Max:100) 
Zero Accidents Techniques 85 86 
Change Management 72 81 
Pre-Project Planning 72 67 
Constructability 66 46 
Team Building 52 35 

6.7 SUMMARY 

This chapter analyzed the number of CII Best Practices implemented as 

well as the levels of implementation among participating organizations based on 

the data from part two of the survey. Pre-project planning was identified as the 

most widely implemented Best Practice among the organizations while the usages 

of dispute resolution, design effectiveness, and materials management were 

relatively low.  There were some differences identified between owners and 

contractors in terms of the CII Best Practices implementation and the two groups 

are interested in different sets of Best Practices to some extent.  

The CKII was also compared with Best Practice implementation data and 

general consistencies were identified between CKII and the number of Best 

Practices implemented within individual organizations. In addition, the degree of 

each Best Practice implementation was measured by using different criteria from 

the survey questionnaire and the implementation indices were developed for each 

Best Practice. From the comparison of the 11 CII Best Practices based on their 

implementation indices, zero accident techniques was identified as the most 
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intensively implemented Best Practice while team building, alignment, and design 

effectiveness were implemented to relatively low degrees.  General consistencies 

between these organizational- level indices and CII BM&M’s project- level 

practice use indices were also identified. 

The next chapter discusses the analyses conducted to identify the impacts 

of the organizational implementation effort on project and company performance 

using CII BM&M data.  
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Chapter 7:  Comparison of the CKII with BM&M Data 

The CKII was developed to assess the level of the organizational 

implementation effort; providing a quantitative way of measuring implementation 

at the organizational level.  In this chapter, the results from the CKII analyses are 

compared with CII BM&M data to identify the impact of organizational 

implementation efforts on organizational success based on their project and 

company performance parameters.  Comparison of the CKII with BM&M data is 

also intended to provide a way of validating the CKII itself. The characteristics of 

the CII BM&M data are presented before the analys is results.  

The comparison focused on two main aspects.  First, the CKII was 

compared with project and company performance parameters including cost, 

schedule, and safety factors in order to evaluate correlations between 

organizational implementation and project performance.  Second, the CKII was 

compared with various best practice usage indicators, which are used by the 

BM&M to measure use of CII Best Practices on individual projects.   The second 

analysis was envisioned to further validate the CKII.   

7.1 SAMPLE CHARACTERISTICS OF BM&M  DATA 

Following a sixth year of data collection, the CII BM&M Database 

consisted of 1037 projects from 39 owner and 33 contractor organizations and the 

total cost of projects in the database projects exceeds $54.2 billion (CII 2002).  

The average number of projects submitted by participating CII member 

organizations was approximately 14; however, there is considerable variation in 
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the number of submittals by each company. The CII BM&M Database also 

includes 113 projects submitted by the European Construction Institute (ECI).  

Approximately 65 percent of the database projects are heavy industrial projects 

and others include light industrial, buildings, and infrastructure projects.  

Since the CKII represents the organizational implementation status at the 

time of survey completion, not all the projects in the BM&M database were 

employed for this analys is.  Due to this timing issue, only the BM&M fourth, 

fifth, and sixth version data, which were collected from 1998 through 2001, were 

utilized for the analyses described in this chapter.  Among the 41 organizations 

that participated in this study, 16 submitted 109 projects of data during this time 

frame to BM&M. The following sections provide comparison information 

between CKII and BM&M project performance data from these 109 projects.   

In order to perform this analysis, the organizations that participated in the 

implementation survey were divided into two different groups based on their 

CKII scores.  A CKII score of 110 was used as the cut-off point, since it almost 

evenly divided the sample into two groups with the same size.  Among 41 

participants, 20 organizations scored equal to or greater than a 110 CKII, while 21 

had scores less than a 110 CKII.   

In preparing CKII data and BM&M data for the analyses, some interesting 

observations between the two data sets were identified.  Among 21 organizations 

that scored less than 110 on their CKII scores, only four of the organizations (19 

percent of the 21) submitted projects to the BM&M database. Only 17 projects in 

total were submitted by those four companies. In contrast, among the 20 
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organizations with a CKII score equal to or greater than 110, 12 organizations (60 

percent of the 20) submitted 92 projects, which represent 83 percent of the 

BM&M projects used for this study.  In addition, these 12 organizations submitted 

almost twice as many projects on average as the other group, to the CII BM&M 

database. Organizations with higher CKIIs, in general, are more actively 

participating in the CII BM&M program, which further validates the CKII.  

Summaries of the BM&M data used in this study as well as its relationship with 

the CKII are provided in Table 7.1. 

Table 7.1  BM&M Data Summary 

CKII # of 
Organizations  

# of Organizations 
that Participated 

in the BM&M 

# of Projects 
Submitted 

Avg. # of 
Projects by an 
organization 

<110 21 4 (19% of 21) 17 4.3 
=>110 20 12 (60% of 20) 92 7.7 
Total 41 16 (39% of 41) 109 6.8 

7.2 COMPARISON OF CKII WITH PROJECT PERFORMANCE 

 In comparing the CKII with individual project performance, four 

performance indicators were used, including cost growth, schedule growth, 

change cost factor, and field rework factor.  Impacts of the CKII on each project 

performance metric are summarized in the following sections along with the 

formulas for the metrics. 

7.2.1 CKII versus Cost Performance 

The relationship between CKII and project cost performance was analyzed 

by using the project cost growth metric.  Project cost growth is defined as (CII 

2001): 
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Actual Total Project Cost – Initial Predicted Project Cost 

Initial Predicted Project Cost 

where:    
• Actual Total Project Cost: 

o Industrial sector owners- Total installed cost at turnover, excluding 

land costs. 

o Building sector owners – Total cost of design and construction to 

prepare the facility for occupancy. 

o Contractors – Total cost of the final scope of work. 

• Initial Predicted Project Cost: 

o Owners – Budget at the start of detail design. 

o Contractors – Cost estimate used as the basis of contract award. 

Project cost growth measures overall percent cost growth for any reason, 

and therefore is an effective measure of owner-contractor team performance (CII 

1998).  Figure 7.1 illustrates the performance difference between the two groups: 

one with projects executed by organizations whose CKII scores were below 110 

and the other by organizations with scores above 110.   
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Figure 7.1  CKII versus Cost Performance 

(N=17) 

(N=85) 
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 Of the 109 total sample projects, cost performance data for 102 projects 

were available.  Among 102 projects analyzed, 85 projects that were executed by 

organizations that scored above a 110 CKII experienced an average cost growth 

of minus 1.7 percent, while the 17 projects by organizations with scores below 

110 CKII averaged 1.3 percent.  The independent-samples t test summarized in 

Table 7.2 statistically illustrates the significant mean difference between the two 

groups.  It was demonstrated by the t test that organizations with good 

organizational implementation levels were likely to have less cost overrun in their 

projects than organizations with poor organizational implementation levels.  A 

regression analysis was also performed to further analyze the relationship between 

the CKII and project cost growth, but the results are not included in this 

dissertation due to the low level of correlation.  

Table 7.2  Independent t test: CKII versus Cost Performance 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (1-Tailed) 
Equal Variances 

Assumed * 
4.297 .81 -2.37 100 .010 

Equal Variances  
Not Assumed 

  -1.75 18.6 .048 

* ‘Equal Variances Assumed’ used since L=0.81 > 0.05 

7.2.2 CKII versus Schedule Performance 

Schedule performance is measured by the project schedule growth metric, 

which calculates total project duration growth as a percentage of the initial 

predicted project duration.  The following equation was used for computing the 

project schedule growth: 
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Actual Total Project Duration – Initial Predicted Project Duration 

Initial Predicted Project Duration 

where:    
• Actual Total Project Duration: 

o Owners – Duration from beginning of detail design to turnover to 

user. 

o Contractors – Total duration for the final scope of work from 

mobilization to completion. 

• Initial Predicted Project Duration: 

o Owners – Duration prediction upon which the authorization to 

proceed with detail design is based. 

o Contractors – The contractor’s duration estimate at the time of 

contract award. 

This performance metric is used as a schedule performance index of the 

projects since it measures growth regardless of the cause and is, therefore, an 

effective measure of owner-contractor schedule performance (CII 1998). 

Project schedule growth metrics were available for 95 of 109 sample 

projects and a slight difference in performance was observed between projects 

with the two test groups as shown in Figure 7.2.  Seventy-eight projects executed 

by the organizations with scores above 110 CKII showed an average of 12.3 

percent schedule growth, whereas an average of 13.2 percent schedule growth 

was observed for the 17 projects performed by the organizations with scores 

below 110. 
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Figure 7.2  CKII versus Schedule Performance 

 Table 7.3 presents the results of the independent-samples t test conducted 

to evaluate the statistical significance of the difference between the two sample 

groups.  The test identified that the difference between the two groups is not 

statistically significant. 

Table 7.3  Independent t test: CKII versus Schedule Performance 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (1-Tailed) 
Equal Variances 

Assumed * 
.715 .400 -.118 93 0.453 

Equal Variances  
Not Assumed 

  -.129 25.9 0.450 

* ‘Equal Variances Assumed’ used since L=0.400 > 0.05 

7.2.3 CKII versus Project Changes 

In order to measure the degree of changes in a project, the change cost 

factor metric was employed. This metric measures the total cost of changes as a 

fraction of actual project cost as follows: 

 

(N=17) 

(N=78) 
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Total Cost of Changes 
Actual Total Project Cost 

where:    
• Total Cost of Changes: Total cost impact of scope and project 

development changes. 

• Actual Total Project Cost 

o Industrial Sector Owners – Total installed cost at turnover, 

excluding land costs. 

o Building Sector Owners – Total cost of design and construction to 

prepare the facility for occupancy. 

o Contractors – Total cost of the final scope of work 

Ninety-nine of 109 total projects included this change cost factor metric, 

and 78 of these 99 were projects from the organizations that scored above 110 

CKII.  Figure 7.3 illustrates the difference between the two groups in terms of 

change cost metrics, and the difference was approximately 2 percent on average.  
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Figure 7.3  CKII versus Change Cost Factor 

An independent-samples t test was conducted to evaluate the statistical 

differences in change cost factor between the two groups and the test results are 

(N=16) 

(N=83) 
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provided in Table 7.4.  The p value from the test was 0.25 and the difference 

between the two sample groups was not statistically significant.  

Table 7.4  Independent t test: CKII versus Change Cost Factor 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (1-Tailed) 
Equal Variances 

Assumed * 
.214 .645 -.664 97 0.254 

Equal Variances  
Not Assumed 

  -.714 22.8 0.241 

* ‘Equal Variances Assumed’ used since L=0.645 > 0.05 

7.2.4 CKII versus Project Rework 

The next project performance indicator used to evaluate the impacts of 

CKII on project performance was the total field rework factor.  The total field 

rework factor was used to measure the percentage of the total direct cost of field 

rework as a fraction of the actual total project cost.  The following formula was 

employed to calculate the total field rework factor (CII 2001):  

 
Total Direct Cost of Field Rework 
Actual Construction Phase Cost 

where:    
• Total Direct Cost of Field Rework: Total direct cost of field rework 

regardless of initiating cause. 

• Actual Construction Phase Cost: All costs associated with the 

construction phase.   

Total field rework factors for 95 of the 109 total sample projects were 

available.  Two projects were excluded from the analysis since they were beyond 
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the range of five times the standard deviation. Among the 93 projects excluding 

the outliers, the 78 projects submitted by organizations with scores above 110 

CKII showed an average of 4.3 percent rework factor, while 15 projects from the 

other group had an average of 8.5 percent.  Figure 7.4 illustrates the significant  

difference between the two groups. 
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Figure 7.4  CKII versus Field Rework Factor 

The difference between the two groups was statistically significant as 

verified by the independent-samples t test results summarized in Table 7.5. 

Table 7.5  Independent t test: CKII versus Field Rework Factor 

Levene’s Test for 
Equality of Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig. (1-Tailed) 
Equal Variances 

Assumed * 
12.05 0.174 2.15 91 0.039 

Equal Variances  
Not Assumed 

  1.06 17.9 0.067 

* ‘Equal Variances Assumed’ used since L=0.174 > 0.05 
 

(N=78) 

(N=15) 
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7.3 COMPARISON OF CKII WITH COMPANY SAFETY PERFORMANCE 

Unlike the other project performance indicators used in the previous 

sections, CII BM&M collects company-based safety data in order to provide a 

comparison of CII safety data with the industry data furnished by the 

Occupational Safety and Health Administration (OSHA) (CII 2001).  This section 

provides a comparison of the CII company-based safety data with CKII scores 

developed from the survey data. 

7.3.1 CKII versus Safety Performance 

In evaluating the impact of CKII on safety performance, two commonly 

used safety indicators were used including RIR and LWCIR.  Formulas for 

calculating RIR and LWCIR are as follows: 

 
Total Number of Recordable Cases x 200,000 RIR =  

Total Site Work Hours 

where:    
• Recordable Cases: All work-related deaths and illnesses, and those 

work-related injuries which result in loss of consciousness, restriction 

of work or motion, transfer to another job, or require medical 

treatment beyond first aid. 

 

Total Number of Lost Workday Cases x 200,000 LWCIR =  Total Site Work Hours 

where:    
• Lost Workday Cases:  Cases which involve days away from work 

or days of restricted work activity or both. 
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To maintain consistency from the other analyses with CII BM&M data, 

the safety data collected from 1999 and 2001 were used, which represented over 

984 million work-hours in 33 different organizations.  Among the 33 

organizations, 17 organizations scored above 110 in their CKII while 16 had 

below 110 CKII scores.   Since the number of work-hours varied to a great extent 

among the organizations, the comparison was made by aggregating safety data 

based on CKII scores.  The differences between the two sample groups in terms 

of RIR and LWCIR are illustrated in Figures 7.5 and 7.6, respectively.  Table 7.6 

provides a more detailed safety data description of the two sample groups.   

 

1.45

1.06

0.00 0.50 1.00 1.50 2.00

RIR

Below 110

Above 110

C
K

II

 

Figure 7.5  CKII versus RIR 

0.53

0.30

0.00 0.10 0.20 0.30 0.40 0.50 0.60

LWCIR

Below 110

Above 110

C
K

II

 

Figure 7.6  CKII versus LWCIR 

(N=16) 

(N=17) 

(N=16) 

(N=17) 



 230 

Table 7.6  Safety Performance Data Summary 

CKII # of 
Organizations  

RC*1 LWC*2 Total  
Work-hours 

RIR LWCIR 

=>110 17 3248 938 615,036,079 1.06 0.30 
<110 16 2681 953 369,827,822 1.45 0.53 

 *1. Recordable Cases 
 *2. Lost Workday Cases 

Independent-samples t tests were also conducted to assess the statistical 

differences in safety performance between the two groups and the test results are 

presented in Table 7.7.  The difference in LWCIR turned out to be statistically 

significant while no statistical significance was found in the difference in RIR 

between the two groups. 

Table 7.7  Independent t test: CKII versus Safety Performance 

Levene’s Test for 
Equality of 

Variances (L) 

t Test for Equality of Means   

F Sig. t df. Sig.  
(1-Tailed) 

Equal 
Variances 
Assumed * 

.304 .586 -.338 66 .369 

RIR Equal 
Variances  

Not 
Assumed 

  -.360 64.8 .360 

Equal 
Variances 
Assumed* 

.838 .000 2.088 66 .020 

LWCIR Equal 
Variances  

Not 
Assumed 

  1.798 28.2 .041 

* ‘Equal Variances Assumed’ used since L=0.304 > 0.05 
* ‘Equal Variances Assumed’ used since L=0.363 > 0.05 
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7.4 COMPARISON OF CKII WITH PRACTICE USE  

It was demonstrated in Section 6.3 that respondents indicated that more 

Best Practices were implemented by organizations with higher CKII scores than 

those with lower CKII scores.  The CII BM&M program also measures the degree 

of each Best Practice implementation at the project level by using practice use 

indices. This section provides an evaluation of the relationships between some of 

BM&M’s practice use indicators and CKII for validation purposes.  

 Each practice use index used in the BM&M database is based on a scale of 

zero to 10 (CII 2001).  Thus, if all practice elements were used to the highest 

degree the practice index would be a 10, and if no practice elements are used at all 

the practice index is a zero.  Unlike the second part of the survey from this survey, 

which comprised general issues that need to be considered in implementing any 

Best Practice, the questionnaires used to calculate each BM&M practice index are 

very different from each other and relatively detailed in nature (CII 2002).  Four 

practice use indices were compared with the CKII: the pre-project planning index, 

the change management index, the technology index, and the team building index.   

 Table 7.8 summarizes comparisons between the CKII and BM&M 

practice use indices.  Organizations with scores above 110 CKII had higher means 

in three of four practice indices, which shows general consistencies between CKII 

and the practice use indices.   Independent-samples t tests were also conducted to 

evaluate the statistical differences between the two groups, and it was observed 

that only the difference in the team building index was statistically significant. 
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Table 7.8  CKII versus Practice Use Indices 

Practice Use 
Index 

CKII # of 
Projects 

Mean Standard 
Deviation 

P Value (1-
tailed) 

=>110 84 6.65 1.97 Pre-Project 
Planning <110 17 6.91 1.38 

.263 

=>110 83 8.23 2.02 Change 
Management <110 17 7.75 1.37 

.113 

=>110 43 2.81 1.44 Technology 
<110 15 2.04 1.66 

.108 

=>110 73 3.81 3.15 Team 
Building <110 17 2.06 3.29 

.022 

7.5 SUMMARY 

This chapter provided comparisons of the CKII with CII BM&M data in 

order to assess the impact of the organizational implementation effort on 

individual project performance.  To validate the quality of the CKII, several 

different analyses were performed with 109 projects obtained from the CII 

BM&M database focusing on project performance and project use indices.  Safety 

data was obtained from the company- level annual survey and included data on 33 

companies that also participated in this survey.  The organizations were divided 

into two groups using CKII cut-off point of 110 throughout the analyses.  

In evaluating the impact of CKII on project and company performance, six 

performance metrics were compared with CKII: cost growth, schedule growth, 

change cost factor, field rework factor, RIR, and LWCIR.  The analyses between 

the CKII and performance metrics revealed in general a positive relationship 
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between CKII and all of the BM&M performance metrics, as well as statistically 

significant differences in cost growth, and LWCIR.   

Additional analyses between CKII and CII BM&M practice use indices 

were performed to validate the CKII.  Consistencies between the CKII and three 

of the four practice use indices were observed: the technology index, the team 

building index, and the change management index.  The difference in the team 

building index was statistically significant based on the independent-samples t test 

results.   

There are limitations, however, in generalizing the findings to the 

construction industry or CII.  These limitations are primarily due to the different 

time frames of the data collection between CKII and CII BM&M data. While 

CKII represented the status of the organizational implementation effort as of 

August 2001, CII BM&M data used for this study was collected from 1999 to 

2001.   The sample projects were not randomly selected and there were normality 

problems with the performance metrics.  Furthermore, organizational culture and 

process does not necessarily relate to what happens on actual projects and the 

performance of any project is also highly influenced experience and qualification 

of project staffs.  For example, the ability of the selected project manager may 

have a great impact on project outcomes. Even with these limitations, the author 

feels that the analyses presented in this chapter showed the positive impact of 

organizational implementation efforts on organizational success in terms of 

project and company performance, in general. 
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In the following chapter, conclusions and recommendations are discussed 

based on the findings from the analysis results. 
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Chapter 8:  Conclusions and Recommendations 

This chapter completes the discussion of the assessment of the 

organizational implementation status of CII practices at the organizational level 

by presenting research conclusions and recommendations.   The initial research 

objectives are reviewed and specific conclusions relating to the research 

hypotheses are discussed.  Based on the findings from this study, 

recommendations are prepared and potential areas for further study are identified. 

Lastly, contributions of this study to the body of knowledge are discussed.  

8.1 REVIEW OF RESEARCH OBJECTIVES 

As identified in Chapter 1, the primary objective of this research was to 

assess the organizational implementation process and the impact of CII 

knowledge implementation.  The main objective was achieved by accomplishing 

the following subsidiary objectives: 

1. Development and refinement of a comprehensive CII Knowledge 

Structure.  The CII Knowledge Structure, which organizes the overall 

body of CII knowledge in a topological form, was developed by the CII 

Knowledge Team as described in Section 3.4.  The development of the CII 

Knowledge Structure was a complex and challenging process, lasting over 

a year.  The finalized structure consists of 13 Knowledge Areas which are 

broken into 51 Focus Areas: 11 CII Best Practices, 13 CII Proposed Best 

Practices – Pending Validation, and 27 Information Areas.  The 

categorization process for CII products, the CII Best Practice screening 
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process and definitions of related terms were also prepared during the CII 

Knowledge Structure development process.  The CII Knowledge Structure 

will be continually refined and updated by the recently organized CII 

Knowledge Committee.  The author significantly contributed to the 

development of the CII Knowledge Structure by providing administrative 

support, including the preparation of the initial structure breakdown 

document provided in Appendix D and all the related figures presented in 

Section 3.4, such as the CII Best Practice screening process, the CII 

product categorization process, and the CII Knowledge Structure 

diagrams. Additionally, the CII Knowledge Structure itself, which was 

developed as part of this research study, contributed in many ways.  

Potential uses of the CII Knowledge Structure include: 

• A Catalog or CD-Rom to effectively organize CII products and to 

increase accessibility, each have been developed by CII with positive 

results, 

• Implementation assistance by providing a structured way of finding 

CII Best Practices and other related products, 

• A tool for identifying research gaps and overlaps to provide directions 

for future research activities, 

• A tool for identifying potential BM&M areas of research interest, 

• Unified CII terminology, 

• A marketing tool that effectively organizes previous CII studies, and  
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2. Validation of the CII Implementation Model.  Findings from an extensive 

literature review revealed that the CII Implementation Model successfully 

addresses important issues identified in literature involving 

implementation of knowledge.  The model was further validated by 

analyzing data from the survey, which was developed based on the CII 

Implementation Model.  

3. Development of a survey to assess the implementation level of CII 

knowledge within an organization using the CII Knowledge Structure and 

the CII Implementation Model.  The survey questionnaire was developed 

as a measurement tool to achieve the primary objective of the study and 

was based on the CII Knowledge Structure and the CII Implementation 

Model.  Findings from the literature review were also incorporated into the 

survey to enable reliable assessment of the organizational implementation 

status.  A survey website was developed and utilized extensively in order 

to facilitate the data collection process.   

4. Development of a CII Knowledge Implementation Index (CKII) to quantify 

the level of organizational CII knowledge implementation.  Based on the 

data from the first part of the survey, the CKII was developed to measure 

organizational implementation status.  The CKII is based on a scale of 

zero to 200, with a higher score indicating better organizational 

implementation status.  

5. Analysis of the implementation steps to identify the general strengths and 

weaknesses of implementation within survey participants.  The first eight 
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sections of the survey corresponded to the implementation steps defined in 

the CII Implementation Model. Each step was analyzed in detail as 

discussed in Section 5.1.  The implementation steps with more room for 

improvement included self-audit and measurement and strong areas 

included corporate commitment and having a corporate implementation 

champion.  Specific issues that need to be addressed to improve particular 

implementation steps were also identified as described in Section 5.1.10.  

This information was intended to assist respondents in improving their 

organizational implementation processes. 

6. Development and analysis of implementation themes to evaluate their 

implications on the organizational implementation process.  Ten 

implementation themes were identified and defined based on the literature 

review as described in Section 3.9.  Relevant questions about each 

implementation theme were grouped to enable the analysis.  Among the 

identified implementation themes, resources and documentation emerged 

as the weakest areas among survey participants, whereas management 

support was identified as a strong area.  Recommendations on how to 

improve specific implementation were also developed and summarized in 

Section 5.2.11. 

7. Evaluation of overall and individual CII Best Practices implementation.  

The second part of the survey provided data in analyzing overall and 

individual CII Best Practices implementation.  Participating organizations 

implemented an average of 5.5 Best Practices. There were, however, some 
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organizations that implemented few Best Practices while others 

implemented almost all of the available CII Best Practices. Among the 11 

CII Best Practices, pre-project planning was the most widely implemented 

within participating organizations, while materials management, design 

effectiveness, and dispute resolution were only implemented by a 

relatively small portion of the survey sample.   This CII Best Practices 

implementation information offers insights on how the CII Best Practices 

are being implemented by CII member organizations.  

8. Investigation of the correlation between the CKII and CII Best Practices 

implementation.  The CKII was compared with the number of CII Best 

Practices implemented within organizations as described in Section 6.4.  

Based on this comparison, it was concluded that organizations with a 

higher CKII generally implemented more Best Practices than those with a 

lower CKII. 

9. Analysis of survey results to identify the relationship between the CKII 

and the success of individual project performance including both objective 

and subjective measures.  The impact of organizational implementation on 

individual project performance was analyzed by comparing the CKII with 

project performance data obtained from the CII BM&M database.  Safety 

performance data was compared against company- level measures.  The 

results from the analyses, using a limited sample of projects, revealed 

positive correlations, in general, between the CKII and project and 

company performance indicators including cost growth, schedule growth, 
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change cost factor, field rework factor, RIR, and LWCIR, although some 

were not statistically significant.   This implies that the organizations with 

better organizational implementation processes in this study were more 

likely to have better outcomes than those with poorly defined 

implementation processes.   

10. Analysis of organizational policy implications and preparation of 

recommendations to improve the organizational implementation efforts.  

Findings from the literature review and from the analyses of the survey 

data in conjunction with CII BM&M data revealed many organizational 

policy implications.  First of all, it is recommended that CII member 

organizations take advantage of existing implementation aids including the 

CII Knowledge Structure and the CII Implementation Model. 

Organizations should use the CII Knowledge Structure to identify Best 

Practices for adoption and use the CII Implementation Model as a basis to 

develop an implementation program within the ir organizations. Other 

recommendations to improve implementation included allocation of 

necessary resources for implementation, more implementation process 

monitoring (self-auditing), and measurement and documentation of 

implementation-related issues including implementation results, benefits, 

and associated costs. Implementation themes summarized in this 

dissertation are also the important elements of successful implementation; 

thus, organizations can use them as references in crafting their 

implementation process.  Finally, different sets of CII Best Practices were 
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identified for owners and contractors based on popularity of 11 CII Best 

Practices.  Organizations could use this data to focus their implementation 

support to practices that are commonly used by competitors.  CII Best 

Practice implementation status presented in Chapter 6 also provides useful 

information to CII in promoting implementation of CII Best Practices with 

relatively low uses and in improving CII Best Practices themselves. 

8.2 FINDINGS RELATED TO THE RESEARCH HYPOTHESES  

The research described in this dissertation utilized a number of different 

methods to collect and analyze data.  The survey questionnaire was developed 

based on the CII Implementation Model, the CII Knowledge Structure, and 

findings from the literature review, and was used as the primary data collection 

method.  Survey participants had three different options for completing the 

survey, which included using the survey website, an electronic copy, or a 

hardcopy of the survey.  Organizational implementation data from 41 

organizations was collected using the survey questionnaire.  In addition to the 

survey data, project performance data and practice use indices of 109 projects 

from 16 organizations were collected from the CII BM&M database.  Also safety 

data collected at the company- level by BM&M was included.  This large amount 

of data was analyzed using various statistical techniques to assess the 

participating organizations’ implementation status and its impact on project 

performance. 

The primary research hypothesis was that the CKII score indicates the 

current status of CII knowledge implementation at the organizational level.  The 
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CKII was developed based on the data from the first part of the survey, which 

addressed all the vital implementation elements identified based on the findings 

from the literature review.  Thus, the CKII was founded on a theoretically sound 

basis. Additionally, analyses with other implementation indicators revealed 

positive correlations between the CKII and each indicator.   Other implementation 

metrics that were analyzed against the CKII include: 

•  Number of Best Practices implemented within participating 

organizations, 

• Degree of CII BM&M participation, 

• CII BM&M project metrics such as cost growth, schedule growth, 

change cost factor, and field rework factor,  

• CII BM&M company metrics such as RIR and LWCIR, and  

• CII BM&M practice use indices such as team building, change 

management, pre-project planning and the technology index.  

Findings from the analyses listed above and the literature review verified the first 

hypothesis.   It is recommended that organizations use the CKII as an internal or 

external auditing tool at the organizational level.  

  The second primary hypothesis was that the CKII score is a reliable 

indicator for predicting the success of an organization in terms of its project and 

company performance.  That is, high (good) CKII scores correlated to high 

success and vice versa.  Independent-samples t tests conducted on various 

performance variables revealed significant mean differences on several 

performance variables including cost growth, field rework factor, and LWCIR.  
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Furthermore, general positive correlations were identified between the CKII and 

other performance indicators such as schedule growth, change cost factor, and 

RIR.  Therefore, the likelihood of having good project and company performance 

outcomes is greater for organizations with high CKII scores than those with low 

CKII scores.  

 There were other subsidiary hypotheses identified and they were also 

verified as follows: 

1. There is no difference between owners and contractors in terms of 

organizational implementation effort and CKII Best Practice implementation.  

This hypothesis was tested by conducting two independent-samples t tests on 

the two sample groups in terms of CKII scores and the number of the CII Best 

Practices implemented.  Both analyses showed the insignificant differences 

between the two groups.  However, it was shown that owners and contractors 

implemented different practices. 

2. There is no difference between organizations with ICs and those without 

ICs in terms of organizational implementation effort and CKII Best Practice 

implementation.  Again, the independent-samples t tests conducted on the two 

sample groups revealed that differences both in CKII scores and in the number 

of CII Best Practices implemented are statistically insignificant. 

3. Organizations have, in general, strengths and weaknesses in using certain 

implementation steps and implementation themes.  ANOVA analyses 

conducted among eight implementation steps and nine implementation themes 

identified the differences in the degrees of their average implementation level.  
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For the implementation steps, participating organizations had relatively high 

implementation scores in corporate commitment and corporate 

implementation champion steps, whereas self-audit and measurement steps 

had significantly low usages.  For the implementation themes, resources and 

documentation themes were discovered as the area where more improvement 

opportunities resided, while participating organizations had strengths in the 

management support theme. 

4. There is no difference in degrees of implementation of the 11 CII Best 

Practices.  Differences in degrees of the 11 CII Best Practices implementation 

were recognized not only in frequencies but also in intensity of 

implementation. Pre-project planning, zero-accident techniques, and 

constructability were more frequently utilized than the other practices, while 

materials management, design effectiveness, and dispute resolution were 

implemented by only a small portion of the participating organizations.  As 

for the intensity of implementation, zero accident techniques were the most 

intensively implemented, and pre-project planning, change management, and 

materials management were also usually implemented rigorously.  In contrast, 

alignment, team building and design effectiveness were utilized less 

intensively.  

8.3 RECOMMENDATIONS FOR FUTURE RESEARCH 

Through the course of this research effort, several areas have been 

identified as potential areas for further study.  The first is in the area of assessing 

the impact of CKII on project performance.  As discussed in Section 3.3, there 
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were some limitations in comparing the CKII with CII BM&M data.  Using 

project data that has the same time frame of the CKII should significantly enhance 

the reliability of the data; thereby increasing the accuracy of any conclusions that 

can be drawn from the analysis.  Collecting the data from ongoing projects at the 

time of the CKII evaluation can give more reliable assessment of the impact of the 

organization implementation effort on project performance.  Furthermore, adding 

more metrics such as organizational financial performance can give insights on 

the influence of organizational implementation on organizational success. 

An improved survey instrument and increased sample size will permit 

further analysis in various areas.  It may have been possible to gather more data if 

the survey were shorter.  Answer schemes for the majority of survey questions 

were one-to-five scales with a ‘Not Applicable’ option.  Adding ‘Do not Know’ 

option could have been eliminated some of ‘Neutral’ answers, which were not 

very helpful when analyzing the survey results. Also, increasing sample size to 

include non CII member organizations should enable more generalizable 

conclusions.  With a larger sample size of organizations, correlations between the 

CKII score and the size and type of organizations can be found to further increase 

the reliability of the CKII in assessing the organizational implementation level.   

Another recommendation for future research is to update and refine the 

CII Implementation Model.  Although the CII Implementation Model generally 

follows related literature, there were several implementation elements that did not 

perfectly fit in the existing implementation steps.  Additionally, unlike other 

implementation models reviewed in Chapter 3, the CII Implementation Model is 
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rather generic and does not provide sequential activities for implementation.  

Improving the CII Implementation Model with more detailed implementation 

guidelines would greatly benefit the CII member organizations.  

Finally, it is recommended that future survey studies take advantage of 

new technology such as the capabilities of World Wide Web (WWW).  Using the 

survey website with an integrated database substantially improved the data 

collection process and eased the data analysis process. The author also feels that 

use of the survey website may have had a positive impact on the survey response 

rate.   

8.4 CONTRIBUTIONS 

This research investigation contributes to the management body of 

knowledge by providing a way of assessing the organizational implementation 

effort.  Recent research investigations in many different industries have 

emphasized the importance of effectively managing and implementing knowledge 

to take the maximum benefit to the organization.  In correspondence to these 

research efforts, this study contributes to the body of knowledge in the following 

areas: 

• First study of its kind in the construction industry focusing on 

organizational implementation in the context of knowledge  

management; thereby it provides a solid foundation for future research 

studies with similar scopes, 
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• Development of a well-established knowledge structure to effectively 

organize and manage construction-related knowledge and also to 

increase accessibility of research findings, 

• Development of a survey instrument to assess the organizational 

implementation status, which can be used as an internal self-

assessment tool or an external auditing tool, 

• Summarized available literature related to organizational 

implementation and recommended ways of improving the 

organizational implementation process based on the findings from the 

literature review, 

• Showed current status of CII Best Practices implementation among CII 

member organizations and its relationship with the organizational 

implementation efforts, 

• Correlated the impact of organizational implementation on individual 

project performance indicators including cost growth, schedule 

growth, project change factor, and field rework factor as well as 

company-level safety performance. 

• Provided framework for future expansion of CII knowledge. 

To date, there has been positive feedback from academia and industry 

representatives who participated in the CII ISC concerning this survey. In 

addition, the survey instrument developed for this study is planned to be used by 

the CII BM&M committee as a way of measuring organizational implementation 
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on a continual basis. This research effort proved that the CKII is an effective  

measure in assessing the level of organizational implementation. 
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Appendix A  Survey Questionnaire 
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August 15, 2001 

 

Mr. Sample, 
Manager, Planning & Project Service. 
University of Texas at Austin 
Austin ,  TX 78712 
 
Dear Mr. Sample: 
 

We are writing this letter to request your participation in a study to address an issue outlined in 
greater detail in the problem statement on the attached page. As you know, CII has produced many 
valuable research products that describe practices with considerable potential to improve the construction 
industry. However, adoption of these practices within the industry has been somewhat disappointing. The 
CII Implementation Strategy Committee (ISC) has endeavored to improve implementation of the CII 
practices in many ways. As you may recall, the Implementation Champion Program, the Experienced 
User Program, the PDRI Virtual Users Group and the CII Knowledge Structure are all part of the ISC’s 
effort to support the implementation of CII practices.  

This study is focused on the implementation of CII practices at the organizational level. 
Assessment of the status of implementation and the study of the information collected to determine the 
reasons for successful or less than successful performance could give organizations guidelines of how to 
improve their implementation efforts. However, no systematic study on this subject at the organizational 
level has been attempted to date. For instance, the CII Benchmarking and Metrics questionnaire gauges 
implementation of CII Best Practices, but that information is focused on the project level.  

We seek your cooperation with the study team in obtaining information to measure this issue.  
We also realize the potential sensitivity of some of the data the study team would like to gather, and 
special confidentiality measures have been structured to protect that information and the identification of 
the sources. These matters are described in detail in the attached material. 

The study team’s goal is to obtain the necessary data from all CII member firms, to study the 
results and report initial findings at the Board of Advisors meeting in November. As indicated earlier, the 
study team will safeguard the confidentiality of the information collected and will only report results in a 
manner that does not identify specific organizations.  

We ask that you fill out the enclosed survey and return it to the indicated address. We feel that 
this study will lead to findings that may be strategic in nature for the industry and our institute. Thank you 
for your assistance. 

 
 
 
 

                                                       
Jerry Eyink     Virgil Barton 
Implementation Strategy   Implementation Strategy 
Committee Co-Chair    Committee Co-Chair 
Anheuser-Busch Company   Bechtel Corporation 

 
http://construction-institute.org .email: info@construction-institute.org 
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Problem Statement for Study 
 

 
Industry has increasingly become more competitive and organizations need to be continuously 

improved in order to remain successful.  One way of improving organizations is implementing practices 
developed by various universities and research institutes such as the Construction Industry Institute (CII).  
Although there are many valuable practices available which have tremendous potential to improve 
construction project performance as well as the organization’s business processes, many of them have not 
been implemented to a significant extent.  The relationship between practice implementation and 
company success has not been clearly recognized by industry, which prevents some organizations from 
rigorously implementing research products.  In some cases, inappropriate implementation processes keep 
many companies from maximizing the benefits of best practices.  We feel that this is such a pressing 
problem that a more stringent investigation should be performed.  In order to address this issue, this 
investigation has developed the following objectives 
 
Objectives: 
1.  Develop a survey to assess the corporate implementation level of CII practices within a company 

using the CII knowledge structure and the CII implementation model. 
2. Develop a CII Knowledge Implementation Index (CKII) to quantify the level of organizational CII 

practice implementation. 
3. Assess the impact of the CKII index on company success based on CII BM&M information. 
 
Benefits to Participating Firms: 
1. Allow firms to measure the status of their corporate implementation process at the organizational 

level and compare it with those of competitors. 
2. Assist firms to understand the impact of knowledge implementation on company success using 

project performance data. 
3. Assist firms to identify their implementation strengths and weaknesses. 
4. Assist firms to identify ways to improve their implementation of practices. 
5. The developed questionnaire can be used as an internal self-auditing tool. 
 
Benefit to CII: 
1. Better understanding of the implementation status of member companies. CII can use this information 

to support member companies in improving their implementation processes. 
 
 
It is understood that the information requested will be sensitive in nature and confidentiality will be 
safeguarded.  All information gathered as a part of this project will be treated in strictest confidence, kept 
under conditions of security at The University of Texas at Austin, and seen only by the academic study 
team.  All information indicating sources of data will be removed as soon as the response is received and 
a code will be substituted for the source information.  Only members of the academic study team will 
have access to the information linking the source code to the actual respondent. A paper will be produced 
outlining the results of this study and will be made available to the CII membership. No organizations, 
projects or individuals will be specifically identified any report or related information without specific 
permission. 
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August 15, 2001 
 

Mr. Sample, 
Manager, Planning & Project Service. 
University of Texas at Austin 
Austin,  TX 78712 
 
Dear Mr. Sample: 
 

I am heading a group of researchers from the University of Texas at Austin who are studying the 
assessment of CII Knowledge Implementation at the organizational level.  As a CII Implementation 
Champion, your participation in this study will be greatly appreciated.  As part of our research, we are 
collecting data on the status of how organizations implement CII knowledge. The enclosed problem 
statement outlines some of the issues that will be addressed by this research. 

Completion of the survey is expected to take about 1-2 hours.  You may decline to answer any 
question that you prefer not to answer or for which you do not have sufficient level of experience or 
knowledge. We realize that your time is valuable, however, we feel that this effort will give you insight 
into your organization and assist CII in gaining a better understanding of where it should focus resources. 

Your responses to the enclosed survey will be completely confidential.  All information 
gathered as part of this project will be treated in strictest confidence and kept under conditions of security 
at the University of Texas at Austin and seen only by the academic study team. Note that you can 
complete the survey in one of three ways as described on the enclosed instruction sheet. 

We will provide all organizations that participate in this survey with a summary of general trends 
and statistical relationships from this research.  Specific organizations, projects and individuals will not 
be named in this summary or any related report.  The results of this project will be used to improve the 
competitiveness of the North American construction industry. 

Thank you for your participation.  We would like to ask that your response be returned by 
October 15, 2001 if possible.  If you have any questions about this survey, please contact me directly at 
(512) 471-4522 or via e-mail at egibson@mail.utexas.edu 
 
 
 

Sincerely, 

 
G. Edward Gibson, Jr., Ph.D., P.E. 
Associate Professor of Civil Engineering 
Fluor Centennial Teaching Fellow 

 
CC: Jerry Eyink, Virgil Barton, Bob Ryan 
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Instructions 
 
Purpose 
The purpose of this survey is to assess the degree of CII knowledge implementation at the 
organizational level and the impact of CII knowledge implementation on company success 
based on project performance.  

 
Directions 

• Please complete the survey as directed. There are three ways of completing the survey 
as described below. 

1. Survey website (http://www11.brinkster.com/kay95/index.asp): the data will be 
automatically submitted and stored in the database and you do not have to submit 
the hardcopy.  We strongly recommend that you use the survey website.  Your 
username and password for the survey website have been provided via email and 
also can be found in the hardcopy that you will receive in a few days.  Please 
contact SangBum Kim at kay95@mail.utexas.edu with any questions regarding the 
survey website access. 

2. Electronic survey (MS Word format):  You can fill the survey out electronically 
using the MS Word document that you have received via email.  The document is 
also downloadable at the survey website. 

3. Hardcopy: You can the enclosed survey and fill it out manually. Please return the 
completed survey to the address below.  

• All data will be held in strict confidence. 

• Feel free to answer only those questions for which you have a sufficient level of 
experience or knowledge.  It is not necessary to answer all questions. 

• Please contact SangBum Kim at (512) 471-1620 (Email: kay95@mail.utexas.edu) or Dr. 
Edward Gibson at (512) 471-4522 (Email: egibson@mail.utexas.edu) with any 
comments or questions. 

• Contact Information 

SangBum Kim 
Department of Civil Engineering 
ECJ 5.200  
The University of Texas 
Austin, TX 78712-1076 

 
Phone: (512) 471-1620 
Fax:  (512) 471-3191 
Email:  kay95@mail.utexas.edu
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Contact Information 

 
 
 
 

Company Information 
 

Company Name: 
      

Company Type: 
 Public Owner 
 Private Owner 
 Design Consultant or A/E 
 Prime Contractor or GC 

 Design-Build or EPC Contractor 
 Supplier or Fabricator 
 Subcontractor 

Other (please describe):        

Company Size: (Approximate) 

Owners ($ Annual Capital Budget): 

or  A/E's & Contractors ($ Annual Sales Volume): 

      
      

Contact Name: 
      

Phone Number: 
(       )          -        

Fax Number: 
(       )          -        

E-mail Address: 
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Part I. Corporate Implementation Process 
 
I-1. Corporate Commitment 
 
ID Question       
 For your organization,       
1 upper management is actively involved in 

implementation of CII or other best practices. 

NA SD D N A SA

2 a clear statement regarding the expectations of the 

organization concerning implementation of CII or other 

best practices exist. 

NA SD D N A SA

3 communication of the value of CII or other best 

practices is effective. 

NA SD D N A SA

4 implementation of CII or other best practices is 

incorporated into project execution process. 

NA SD D N A SA

5 well-organized documentation containing guidelines 

for implementing specific CII or other best practices 

into existing processes, procedures and practice exists. 

NA SD D N A SA

6 a well-defined implementation model or process is in 

place for implementing CII or other best practices (i.e., 

CII ISC Implementation model or the one developed by 

the company). 

NA SD D N A SA

7 management is supportive in implementing new idea(s) 

or practice(s). 

NA SD D N A SA

8 many people in your organization look for innovative 

idea(s) or practice(s). 

NA SD D N A SA

9 interested parties are encouraged to participate in and 

undertake the implementation process. 

NA SD D N A SA

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
10 enough resources (i.e., money, people’s time, 

application opportunities, etc.) are dedicated adequately 

for implementing CII or other best practices. 

NA SD D N A SA

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 
 
• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-2. Self Audit 

ID Question       
 For your organization,       
1 an effective auditing process of CII or other best 

practices implementation is in place. 

NA SD D N A SA

2 all CII or other best practices that have been 

implemented are tracked. 

NA SD D N A SA

3 the degree of implementation of each best practice is 

tracked. 

NA SD D N A SA

4 self-audit for best practice implementation is performed 

on a regular basis.  

NA SD D N A SA

5 helpful tools are utilized to make self-auditing process 

easier (i.e., checklists such as CII IR 42-2  or other 

documents as guidelines for self-auditing). 

NA SD D N A SA

6 important issues are always documented during the 

self-auditing process including results and 

recommendations. 

NA SD D N A SA

7 necessary actions are taken based on the results of self-

auditing. 

NA SD D N A SA

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-3. Product Champions/Review Boards 

ID Question       
 For your organization,       
1 CII product implementation champions for specific 

CII practices are appointed. 

NA No    Yes

2 product champions serve effectively as the overall 

manager of the implementation process of selected 

best practices. 

NA SD D N A SA 

3 a best practices review board, or a similar type of 

group or individual exists to choose practices for 

implementation (i.e., CII IC or BOA member). 

NA No    Yes

4 a comprehensive process of reviewing CII or other 

best practices is in place to determine which best 

practices are applicable to the company. 

NA SD D N A SA 

5 only those practices that are highly aligned with the 

organizational vision are implemented. 

NA SD D N A SA 

6 benefits of implementing CII or other best practices as 

well as costs are estimated prior to implementation.  

NA SD D N A SA 

7 specific applications of the selected CII or other best 

practices within company’s business process are 

recommended by the review board or others. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which questions, if any,  do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-4. Product(Practice) Implementation 

ID Question       
 For your organization,       
1 an effective process is in place to select best practices 

that fit with organizational needs.  

NA SD D N A SA 

2 barriers are identified before the actual 

implementation of best practices. 

NA SD D N A SA 

3 higher management is supportive in implementing CII 

or other best practices. 

NA SD D N A SA 

4 communication between involved parties in product 

implementation  is effective. 

NA SD D N A SA 

5 adequate resources are provided in a timely manner as 

necessary to implement the best practice(s). 

NA SD D N A SA 

6 enough time is given to implement CII or other best 

practice(s) effectively. 

NA SD D N A SA 

7 peers are generally supportive in implementing CII or 

other best practice(s). 

NA SD D N A SA 

8 other parties, such as suppliers and partners, are 

encouraged to participate in the product 

implementation process as appropriate. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-5.  Corporate Implementation Champion 

ID Question       
 For your organization,       
1 a corporate implementation champion for CII or other 

best practices is appointed. 

NA No    Yes

2 the champion understands the organization’s 

expectations concerning implementing CII or other 

best practices. 

NA SD D N A SA 

3 the champion is knowledgeable about CII or other 

best practices. 

NA SD D N A SA 

4 the champion is given adequate resources and 

authority to perform his/her job effectively. 

NA No    Yes

5 the champion directs implementation resources 

effectively to achieve maximum benefits. 

NA SD D N A SA 

6 the champion is effective in communicating benefits, 

opportunities and successes related to the CII or other 

best practices implementation. 

NA SD D N A SA 

7 the champion enhances awareness of CII or other best 

practices. 

NA SD D N A SA 

8 the champion is a good team-leader and facilitator.   NA SD D N A SA 

9 the champion has adequate team building skills. NA SD D N A SA 

10 the champion monitors the implementation process. NA SD D N A SA 

11 the champion measures the results vs. planned (i.e., 

comparison with CII BM&M information or other 

sources). 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
12 the champion helps improve the implementation 

process with his/her experience and through effective 

use of lessons learned 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
 

• Which, if any,  questions do you think are more important than others in this category? 

 

• Other Comments? 
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I-6. Implementation Plans & Goals 

ID Question       
 For your organization,       
1 specific goals for use of CII or other best practices are 

clearly identified. 

NA SD D N A SA 

2 short-term goals for implementation and plans are 

identified and prepared.  

NA SD D N A SA 

3 long-term goals for implementation and plans are 

identified and prepared.  

NA SD D N A SA 

4 an implementation plan is developed when a CII or 

other best practice is to be implemented. 

NA SD D N A SA 

5 the implementation plan identifies key activities and 

key participants/resources. 

NA SD D N A SA 

6 relevant data and information is gathered and 

analyzed when developing an implementation plan 

(e.g. human resources capabilities and availability, 

use of technology, operational capabilities and needs, 

resource availability, supplier/partner capabilities and 

needs, etc.). 

NA SD D N A SA 

7 an implementation timetable is included in the 

implementation plan. 

NA SD D N A SA 

8 both short-term & long-terms goals/plans are well 

communicated among people who are involved in CII 

or other best practices implementation. 

NA SD D N A SA 

9 a process/system is in place to integrate CII or other 

best practices into the business processes of the 

company. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
10 key performance measures and/or indicators are 

identified in the implementation plan. 

NA SD D N A SA 

11 implementation plans and goals are reviewed and 

improved upon throughout the implementation effort. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-7. Product Training 

ID Question       
 For your organization,       
1 comprehensive training programs are provided for 

selected CII or other best practices. 

NA SD D N A SA

2 the amount of training time per employee matches 

with the total demand of training needs. 

NA SD D N A SA

3 training programs offer enough information to 

implement CII or other best practices. 

NA SD D N A SA

4 training programs are aligned with corporate goals and 

business needs. 

NA SD D N A SA

5 enough CII or other resources are available to support 

training (i.e., documents, videos, etc). 

NA SD D N A SA

6 training programs are open to everyone who is 

involved in CII or other best practices implementation. 

NA SD D N A SA

7 training programs are continuously improved based on 

feedback. 

NA SD D N A SA

8 training programs are always conducted in a timely 

manner and in conjunction with the implementation 

plan. 

NA SD D N A SA

9 after training is completed, it is easy to get help from 

experts when a question is raised. 

NA SD D N A SA

10 a mechanism for identifying training needs is in place 

for future training program updates. 

NA SD D N A SA

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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I-8. Measure Results 

ID Question       
 For your organization,       
1 the degree of best practices utilization is measured. NA No    Yes

2 impact of best practices is measured. NA No    Yes

3 results are always reviewed to improve future 

implementation. 

NA SD D N A SA 

4 the measurement system is aligned with 

implementation goals and plans. 

NA SD D N A SA 

5 the measurement system is aligned with the self-

auditing process. 

NA SD D N A SA 

6 the measurement system utilizes technology as 

appropriate. 

NA SD D N A SA 

7 collected data/information is reliable enough for the 

needed analysis. 

NA SD D N A SA 

8 appropriate analyses are conducted with collected 

data/information. 

NA SD D N A SA 

9 a process is in place to capture lessons learned and 

apply them to future implementation. 

NA SD D N A SA 

10 appropriate actions are taken based on the results of 

these analysis. 

NA SD D N A SA 

11 performance results are compared with competitor’s 

performance, key benchmarks, and past performance 

as appropriate. 

NA SD D N A SA 

12 proper incentives are sometimes given based on 

implementation results. 

NA No  
 

  Yes

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 the company participates in surveys conducted by the 

CII Benchmarking and Metrics Committee or other 

consults. 

NA No    Yes

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  

 

  



 268

Part II. CII Best Practices Implementation 

Q1. Which of the following CII or other best practices have been implemented within 

your organization? 

* Note: The evaluation for each of these practices on the following pages is for 
organization-wide implementation, rather than on a project-specific basis.  For more 
information on project-specific implementation, please see IR 42-2, Implementation of 
CII Best Practices: A Self Assessment Toolkit. 
 
 [  ] Pre-Project Planning (If yes, please fill out session II-1) 

Pre-Project Planning is the process of developing sufficient strategic information with 
which owners can address risk and decide to commit resources to maximize the chance 
for a successful project. Pre-project planning is also known as front end loading, front 
end panning, feasibility analysis, programming, and contractor planning. 
 

 [  ] Alignment (If yes, please fill out session II-2) 

Alignment is the condition where appropriate project participants are working within 
acceptable tolerances to develop and meet a uniformly defined and understood set of 
project objectives. 
 

 [  ] Constructability (If yes, please fill out session II-3) 

Constructability is the effective and timely integration of construction knowledge input 
into the conceptual planning, design, construction and field operations of a project to 
achieve the overall project objectives in the best possible time and accuracy at the most 
cost effective levels. 
 

[  ] Design Effectiveness (If yes, please fill out session II-4) 

Design effectiveness is an all-encompassing term to measure the results of the design 
effort, including input variables and design execution against the specified expectations of 
the owner. In addition, the owner’s expectations include such criteria as cost, schedule, 
quality, and other expectations either explicit or implicit in the project objectives. 
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[  ] Material Management (If yes, please fill out session II-5) 
 

Materials management is an integrated process for planning and controlling all 
necessary efforts to make certain that the quality and quantity of materials and equipment 
are appropriately specified in a timely manner, are obtained at a reasonable cost, and are 
available when needed. The materials management systems combine and integrate the 
takeoff, vendor evaluation, purchasing, expediting, warehousing, distribution, and 
disposing of materials functions. 
 

 [  ] Team Building (If yes, please fill out session II-6) 

Team Building is a project-focused process that builds and develops shared goals, 
interdependence, trust and commitment, and accountability among team members and 
that seeks to improve team members problem-solving skills. 
 

 [  ] Partnering (If yes, please fill out session II-7) 

Partnering is a long-term commitment between two or more organizations for the purpose 
of achieving specific business objectives by maximizing the effectiveness of each 
participant’s resources. This requires changing traditional relationships to a shared 
culture without regard to organizational boundaries. The relationship is based on trust, 
dedication to common goals and the understanding of each other’s individual 
expectations and values. 
 

 [  ] Quality Management (If yes, please fill out session II-8) 

Quality Management incorporates all activities conducted to improve the efficiency, 
contract compliance and cost effectiveness of design, engineering, procurement, QA/QC, 
construction, and start-up elements of construction projects. 
 

 [  ] Change Management (If yes, please fill out session II-9) 

Change Management is the process of incorporating a culture of acceptance and problem 
solution in an organization to effectively manage project changes. 
 

 [  ] Dispute Resolution (If yes, please fill out session II-10) 

Dispute resolution techniques include the use of  Disputes Review Boards, arbitration, 
mediation, standing neutral, etc as  alternative dispute resolution processes to eliminate 
the necessity to take disputes to litigation. These techniques provide  processes for 
addressing disputes in their early stages before the dispute affects the progress of the work, 
creates adversarial positions and lead to litigation. 
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 [  ] Zero Accident Techniques (Safety) (If yes, please fill out session II-11)  

Zero accident techniques include the site specific safety programs and implementation, 
auditing and incentive efforts to create a project environment and a level of training which 
embraces the mind set that all accidents are preventable and that zero accidents is an 
obtainable goal. 

 
 [  ] Others 

  Please describe ____________________________________________ 

  _________________________________________________________ 
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II-1. Pre-Project Planning (PPP) 

ID Question       
 For your organization,       
1 PPP is implemented at the corporate level. NA No    Yes 

2 PPP is implemented at the project level. NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for PPP 

implementation within organization.   

NA No    Yes 

6 The PPP process is effectively 

communicated and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of PPP are 

always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

PPP.  

NA No    Yes 

10 There is a quantitative tool to measure the 

degree of pre-project planning effort (e.g. 

PDRI, FEL, or an in-house developed 

system). 

NA No    Yes 

11 PPP training program is comprehensive 

enough to help improve implementation 

efforts.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings from the PPP process as needed.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

PPP effectively (e.g. time, computers, and 

people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of PPP (e.g. CII 

documents, in-house developed manual, etc).

NA SD D N A SA 

15 Cost and benefits of PPP are measured. NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-2. Alignment 

ID Question       
 For your organization,       
1 ‘Alignment’ is implemented at the 

corporate level. 

NA No    Yes 

2 ‘Alignment’ is implemented at the project 

level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for ‘Alignment’ 

implementation within the organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Alignment 

are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

‘Alignment’.  

NA No    Yes 

10 There is a quantitative tool to measure the 

degree of ‘Alignment’ effort (i.e., 

Alignment thermometer). 

NA No    Yes 

11 ‘Alignment’ training program is 

comprehensive enough to help improve 

implementation efforts.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
     N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

‘Alignment’ effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Alignment (e.g. CII 

documents, in-house developed manual, etc).

NA SD D N A SA 

15 Cost and benefits of Alignment are always 

measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-3. Constructability 

ID Question       
 For your organization,       
1 Constructability is implemented at the 

corporate level. 

NA No    Yes 

2 Constructability is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for 

Constructability implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of 

Constructability are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Constructability.  

NA No    Yes 

10 There are tools or systems in place to help 

implement Constructability.  

NA No    Yes 

11 Constructability training program is 

comprehensive enough to help improve 

implementation efforts.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Constructability effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Constructability (e.g. 

CII documents, in-house developed manual, 

etc). 

NA SD D N A SA 

15 Cost and benefits of Constructability are 

always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  

 



 277

II-4. Design Effectiveness 

ID Question       
 For your organization,       
1 Design Effectiveness is implemented at the 

corporate level. 

NA No    Yes 

2 Design Effectiveness is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Design 

Effectiveness implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Design 

Effectiveness are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Design Effectiveness.  

NA No    Yes 

10 There are tools or systems in place to help 

implement Design Effectiveness.  

NA No    Yes 

11 Design Effectiveness training program is 

comprehensive enough to help improve 

implementation efforts.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Design Effectiveness effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Design Effectiveness 

(e.g. CII documents, in-house developed 

manual, etc). 

NA SD D N A SA 

15 Cost and benefits of Design Effectiveness 

are always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-5. Material Management 

ID Question       
 For your organization,       
1 Material management is implemented at 

the corporate level. 

NA No    Yes 

2 Material management is implemented at 

the project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for material 

management implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Material 

Management are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

material management.  

NA No    Yes 

10 There are tools or systems in place to help 

implement material management.  

NA No    Yes 

11 Material management training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

material management effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of material management 

(e.g. CII documents, in-house developed 

manual, etc). 

NA SD D N A SA 

15 Cost and benefits of Material Management 

are always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-6. Team Building 

ID Question       
 For your organization,       
1 Team Building is implemented at the 

corporate level. 

NA No    Yes 

2 Team Building is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Team 

Building implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Team 

Building are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Team Building.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Team Building training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Team Building effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Team Building (e.g. 

CII documents, in-house developed manual, 

etc). 

NA SD D N A SA 

15 Cost and benefits of Team Building are 

always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-7. Partnering 

ID Question       
 For your organization,       
1 Partnering is implemented at the corporate 

level. 

NA No    Yes 

2 Partnering is implemented at the project 

level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Partnering 

implementation within the organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Partnering 

are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Partnering.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Partnering training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Partnering effectively (e.g. time, computers, 

and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Partnering (e.g. CII 

documents, in-house developed manual, etc).

NA SD D N A SA 

15 Cost and benefits of Partnering are always 

measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-8. Quality Management 

ID Question       
 For your organization,       
1 Quality Management is implemented at the 

corporate level. 

NA No    Yes 

2 Quality Management is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Quality 

Management implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Quality 

Management are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Quality Management.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Quality Management training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Quality Management effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Quality Management 

(e.g. CII documents, in-house developed 

manual, etc). 

NA SD D N A SA 

15 Cost and benefits are always measured. NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-9. Change Management 

ID Question       
 For your organization,       
1 Change Management is implemented at the 

corporate level. 

NA No    Yes 

2 Change Management is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Change 

Management implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Change 

Management are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Change Management.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Change Management training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Change Management effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Change Management 

(e.g. CII documents, in-house developed 

manual, etc). 

NA SD D N A SA 

15 Cost and benefits of Change Management 

are always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 
 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-10. Dispute Resolution 

ID Question       
 For your organization,       
1 Dispute Resolution is implemented at the 

corporate level. 

NA No    Yes 

2 Dispute Resolution is implemented at the 

project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Dispute 

Resolution implementation within the 

organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Dispute 

Resolution are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Dispute Resolution.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Dispute Resolution training program is 

comprehensive enough to help improve 

implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Dispute Resolution effectively (e.g. time, 

computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Dispute Resolution 

(e.g. CII documents, in-house developed 

manual, etc). 

NA SD D N A SA 

15 Cost and benefits of Dispute Resolution are 

always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  
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II-11. Zero Accident Techniques 

ID Question       
 For your organization,       
1 Zero Accident Techniques are 

implemented at the corporate level. 

NA No    Yes 

2 Zero Accident Techniques are 

implemented at the project level. 

NA No    Yes 

3 If yes, how often is it used? NA Never Rarely Some 
Projects 

Most 
Projects 

All 
Projects 

4 How long has it been used?  NA Less 
than 
6mos. 

6mos.  
–1 yrs. 

1- 2 
yrs. 

2 – 4 
 yrs. 

More 
than 
4yrs. 

5 There is a written process for Zero 

Accident Techniques implementation 

within the organization.   

NA No    Yes 

6 The process is effectively communicated 

and updated as necessary. 

NA SD D N A SA 

7 Barriers for implementation of Zero 

Accident Techniques are always identified. 

NA SD D N A SA 

8 Appropriate strategies are used to 

overcome the identified barriers. 

NA SD D N A SA 

9 There is an implementation champion for 

Zero Accident Techniques.  

NA No    Yes 

10 There are tools or systems in place to help 

implement 

NA No    Yes 

11 Zero Accident Techniques training 

program is comprehensive enough to help 

improve implementation effort.   

NA SD D N A SA 

12 Appropriate actions are taken based on the 

findings.  

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
N: Neutral    A: Agree     SA: Strongly Agree 
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ID Question       
 For your organization,       
13 There are enough resources to implement 

Zero Accident Techniques effectively (e.g. 

time, computers, and people). 

NA SD D N A SA 

14 Specific documentation is in place to support 

the implementation of Zero Accident 

Techniques (e.g. CII documents, in-house 

developed manual, etc). 

NA SD D N A SA 

15 Cost and benefits of Zero Accident 

Techniques are always measured. 

NA SD D N A SA 

*    NA: Not applicable SD: Strongly Disagree D: Disagree 
      N: Neutral    A: Agree     SA: Strongly Agree 

 

• Which , if any,  questions do you think are more important than others in this category? 
 
 
• Other Comments?  

 



 293

Thank you very much for your participation in this survey! 

 
Please estimate level of effort to complete the survey:  Approximately ________ hrs. 
 
 
Please provide overall comments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Please return this form to: 
 
 

 
SangBum Kim 
Department of Civil Engineering 
ECJ - 5.200 
The University of Texas at Austin 
Austin, TX  78712-1076 
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Appendix B1  Pilot Survey Description
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Survey Validation for Assessment of the Impact of  
CII Knowledge Implementation on Company Success 

  
This one-page document summarizes what we expect from participating companies and what they 

can gain from participating in this study.   The complete proposal is available upon request for detailed 
description of the study. 

 
 

What we need 

1. Two or three companies to act as “guinea pigs” – preferably at least one contractors and one owner 
 

Time commitment 

1. Fill out questionnaire – approx. 1-2 hours 
* Please provide your comments on questions if you have any. 
 

2. Follow-up interviews – approx. 2 hours (telephone) 
* if necessary 
 

3. Data from 5 projects or BM&M – 5-10 hrs. 
 

What we expect from a participating company 

1. Provide information about its CII knowledge implementation process at the corporate level 
 
2. Provide information about its CII best practices implementation process at the both corporate and 

project level 
 

3. Provide project performance data for those projects to which any of CII products were applied 
 

4. Suggest imp rovements for the questionnaire if there is any 
 

5. Participate in the follow-up interview if needed. 
 
What a company can gain from participating the study 

1. Assess its organizational knowledge implementation process 
 

2. Assess the impact of CII knowledge implementation 
 

3. Identify areas for improvement 
 

4. Identify relationship between CII knowledge implementation and company success 
 

5. Use the questionnaire as a self-audit or self-assessment tool 
 

6. Compare the degree of CII knowledge implementation of the company with that of others 
participating in the study 

 
7. Obtain a document that describes all the details of the study 
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• The length of the survey is overwhelming 

• Some questions are very subjective. 

• Section 5, product implementation is a tough category where many 

questions are subjective.  

• Disagree with the need of a self-auditing process within an 

organization 

• Inconsistency between questions asked in the survey and those in the 

draft revision of “Implementation of CII Best Practices. A Self 

Assessment Toolkit.” 

• Having a single implementation plan is not realistic. 

• Questions for CII Best Practices implementation need to be more 

specific. 

• The survey is a good document for an implementation champion to use 

as a roadmap to assist with implementation.  

• Interested parties should be able to find time to participate and under 

take implementation activities. 

• Recognize that best practices can exist without CII, and organizations 

may implement pieces of CII works in conjunction with internal or 

other external practices. 

• Companies may recognize benefits without taking any self audit steps. 

Benefits of implementation are intuitive in many cases. 

• Measurement tools used: CII BM&M participation, selective use of 

PDRI. 
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• Other options exist rather than a product review board in selecting 

practices to implement.  Individuals such as CII Implementation 

Champions and Board of Advisor members may perform this product 

review.  

• Many organizations are very selective in implementing CII products. 

They choose only to participate on research topics where there is high 

level of alignment between the topic and company objectives.  In turn, 

this leads to product implementation early during the research efforts. 

• Needs to have separate questions for existence of short-term and long-

term implementation goals and plans. 

• CII has many training programs but more is desirable. 

• The amount of training time per employee is lower than the total 

demand of training needs. 

• Provide short description for each CII Best Practice. 

• It is very difficult for a single person to complete the survey. 

• Good questions which addresses core implementation issues. 

• Very useful document for CII Implementation Champions. 
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Dear Mr. Sample_IC, 
 
This email is to inform you that you will receive a follow-on email from the CII 
Implementation Strategy Committee (ISC) in three days regarding the CII 
Implementation Survey.  You will also receive a hardcopy in the mail in a few 
days.  The survey is part of CII ISC’s efforts to improve CII Best Practice 
implementation within CII member organizations.  This email will contain an 
attachment that is approximately 600 Kbytes and has been screened for viruses.  
We wanted to let you know in advance so you can take steps to overcome any 
firewall problems.  Thank you for your time. 
 
Regards, 
SangBum Kim 
http://www.SangBumKim.com 
Graduate Research Assistant 
Civil Engineering Department 
The University of Texas at Austin 
Phone: 512-471-1620 
Fax: 512-471-3191 
Email: kay95@mail.utexas.edu 
 
Cc: Mr. Sample_BoA 
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Dear Mr. Sample, 
 

This email is to follow up on the CII Implementation Survey which was 
sent to you via email and hardcopy several weeks ago.     
  The purpose of the questionnaire is to assess the impact of CII knowledge 
implementation on an organization's success.  We realize that your time is 
valuable, however, we feel that this effort will give you insight into your 
organization and assist CII in gaining a better understanding of implementation 
within its member companies.  We will provide all organizations that participate 
in this survey with a summary of general trends and statistical relationships from 
this research.  

 
We would like to ask you to complete the survey by November 2, 2001 if 

possible. If you wish to use the survey website, which we prefer, your username 
and password for the site can be found in the previous email or in the hardcopy 
you have received via postal mail.  Your response would be greatly appreciated.  
If you have any questions or comments regarding the survey, please contact me at 
512-471-1620 or at kay95@mail.utexas.edu, or Dr. Gibson at 512-471-4522 or by 
email at egibson@mail.utexas.edu. We are looking forward to your response. 
  
Thank you for your time. 
 
Sincerely, 
SangBum Kim 
Homepage: http://www.SangBumKim.com 
Graduate Research Assistant 
Civil Engineering Department 
University of Texas 
Phone: (512)-471-1620 
Fax: (512)-471-3191 
Email: kay95@mail.utexas.edu 
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Dear Mr. Stout, 
 

This email is to remind you about the questionnaire regarding CII 
Knowledge Implementation.  The purpose of the questionnaire is to assess the 
impact of CII knowledge implementation on an organization’s success.  The 
questionnaire is a fundamental component of the study and your help in validating 
questionnaire would be greatly appreciated. 
 

We have received 38 questionnaires out of 88 sent out.  Preliminary 
findings are very interesting and we would like to get more participation.  We will 
provide all the survey participants summary documents as results are available.  
Our target is at least 50 responses.   
 

I hope to hear from you soon regarding the questionnaire.  We would 
appreciate if you could fill out and send back the questionnaire to us by Dec 10th, 
2001.  Let me know if you need additional time.  If you have any questions, 
please contact me at 512-471-1620 or by email at kay95@mail.utexas.edu or Dr. 
Gibson at 512-471-4522 or by email at egibson@mail.utexas.edu . 
 
Thank you for your time. 
 
Sincerely, 
SangBum Kim 
Homepage: http://www.SangBumKim.com 
Graduate Research Assistant 
Civil Engineering Department 
University of Texas 
Phone: (512)-471-1620 
Fax: (512)-471-3191 
Email: kay95@mail.utexas.edu 
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v CII Knowledge Area 

Ø CII Best Practices 

§ Tools 

§ Supporting Products 

§ References 

Ø CII Proposed Best Practices 

§ Tools 

§ Supporting Products 

§ References  

Ø Information 

§ Supporting Products 

§ References 

 

 

 

 

October 20, 1999 

 
CONSTRUCTION INDUSTRY INSTITUTE 
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1. Front-End Planning (CII Knowledge Area) 
 Pre-Project Planning (CII Best Practice) 

• Tools 

- IR 155-2 Project Definition Rating Index, Building Projects 

(Jul-99)  

- IR 113-2  Project Definition Rating Index, Industrial Projects 

(Jul-96) 

- SP 39-2  Pre-Project Planning Handbook (Apr-95) 

• Supporting Products 

- RS 113-1  Pre-Project Tools: PDRI and Alignment (Oct-97) – 

See also 1.2 

- RS 39-1  Pre-Project Planning: Beginning a Project the Right 

Way, research summary (Dec-94) 

- EM 39-21  Pre-Project Planning, including the PDRI education 

module (1997) 

- ER 39-20  Pre-Project Planning, including the PDRI, FasTrack 

education resource (Aug-97) 

• References 

- RR 113-11  Project Definition Rating Index (PDRI), research 

report (Jul-96) 

- SD-105  Analysis of Pre-Project Planning – A Key to Project 

Success, research report (Nov-94) 

- SD-102  Perceptions of Representatives Concerning Project 

Success and Pre-Project Planning, research report (Sep-94) 

- SD-94  Modeling Pre-Project Planning for the Construction of 

Capital Facilities, research report (Jul-93) 

- VC-903  1999 Annual Conference Research, Case Studies, and 

Implementation II. Benchmarking, Contract Incentives, Black 
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& Veatch Case Study, PDRI-Buildings, Design for 

Maintainability, Employee-Based Incentives. 

- VC-803  1998 Annual Conference – New Tools for Improved 

Capital Effectiveness.  Maintaining Workers, Early Estimates, 

Globalization, PDRI-Buildings, Suppliers, HPWT. 

- VC-615  Pre-Project Planning/PDRI, video (Aug-96) 

- VC-601  Pre-Project Planning Tools II, video (Aug-96) 

- VC-510  Pre-Project Planning Tools, video (Aug-95) 

- VC-410  Pre-Project Planning: Why and How? (Aug-94) 

• Archived 

- RS 6-2  Project Scope Definition and Control, research 

summary (Jul-86) 

- EM-10 Project Scope Definition and Control (superseded by 

113-21) (1995) – See also 1.2 

- SD-45  Owner’s Project Planning, research report (Mar-89) 

- SD-6  Control of Project Scope (Mar-86) 

- VC-315  Front End Planning in the Building Sector, video 

(Aug-93) 

- VC-116  Pre-Project Planning (Aug-91) 

 

 Alignment (CII Best Practice) 

• Tools 

- IR 113-3  Alignment During Pre-Project Planning – A Key to 

Project Success (Dec-97) – See also 7.1 

• Supporting Products 

- RS 113-1 Pre-Project Tools: PDRI and Alignment (Oct-97) – 

See also 1.1 

- RS 12-1  Project Objective Setting, research summary (Apr-89)  
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- EM 113-21  Development & Alignment of Project Objectives, 

education module (1998) 

• References 

- RR113-12  Team Alignment During Pre-Project Planning of 

Capital Facilities (Jan-97) 

• Archived 

- EM-10 Project Scope Definition and Control (superseded by 

113-21) (1995) – See also 1.1 

- SD-31  Project Objective Setting, research report (Aug-87) 

 Early Estimating (CII Proposed Best Practice - Pending Validation) 

• Tools 

- IR 131-2  Improving Early Estimates Best Practices Guide 

(Sep-98) 

- IR 131-3  Estimate Score Program (Includes IR 131-4 (CD 

Software))  (Apr-99) 

- IR 131-4  Estimate Score Software (Apr-99) 

• Supporting Products 

- RS 131-1 Quantitative Prediction of Estimate Accuracy (Mar-

99) 

• References 

- VC-803  1998 Annual Conference – New Tools for Improved 

Capital Effectiveness.  Maintaining Workers, Early Estimates, 

Globalization, PDRI-Buildings, Suppliers, HPWT. 

 

Scope Definition and Control (For information, see 1.1) 

 

Planning for Startup (For information, see 5)  
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CII Knowledge Team members involved in developing the CII Knowledge 

Structure  

 
 
Carlo F. Aiello  (Carlo) 
Union Carbide (retired) 
 
James V. Bartlett, Jr.  (Jim) 
Naval Facilities Engineering Cmd. (retired) 
 
Max L. Bruce  (Max) 
Texaco Inc. (retired) 
 
Steve R. Carter  (Steve) 
Parsons Energy & Chemicals Group 
 
W. Frank Eskridge  (Frank) 
Clemson University 
 
G. Edward Gibson  (Edd) 
The University of Texas at Austin 
 
T. Rusty Haggard  (Rusty) 
Construction Industry Institute 
 
Sang Bum Kim  (Sang) 
The University of Texas at Austin 
 
Robert H. Ryan  (Bob) 
Construction Industry Institute 
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 Appendix F1  CII Knowledge Committee Members 
(November 2001 – Present) 
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Carol P. Arnold  (Carol) 
DuPont Engineering 
 
W. Edward Back 
Clemson University 
 
Steve R. Carter  (Steve) 
Parsons Energy & Chemicals Group 
 
Michael M. Cate  (Mike) 
Washington Group International, Inc. 
 
W. Frank Eskridge  (Frank) 
Clemson University 
 
C. Jerome Eyink  (Jerry)  Chair 
Anheuser-Busch Companies, Inc. 
 
John Freeman  (John) 
Ontario Power Generation 
 
Brian P. Gallagher  (Brian) 
Structural Group 
 
G. Edward Gibson  (Edd) 
The University of Texas at Austin 
 
Carl Gretzinger  (Carl) 
General Motors Corporation 
 
T. Rusty Haggard  (Rusty) 
Construction Industry Institute 
 
Sang Bum Kim  (Sang) 
The University of Texas at Austin 
 
Leonard R. Layne  (Skip) 
Rust Constructors Inc. 
 
James A. Long  (Jim) 
Dick Corporation 
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William G. Miner  (Bill) 
U.S. Department of State 
 
Robert H. Ryan  (Bob) 
Construction Industry Institute 
 
Stephen R. Thomas  (Steve) 
Construction Industry Institute 
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CII Products Published Since June 1999 
(Sorted by Date - w/o EMs) 

     
Pub. 

Number 
Title Date Knowledge Area Type 

RR 135-11 Attracting and Maintaining a Skilled Workforce May-99 6.3 Attract and Maintain 
Skilled Worker 

Reference 

RS 140-1 Employee-Based Project Incentives Jun-99 6.1 Employee Incentives Supporting 
Product 

RS 124-1 Exceptional Projects and Methods of Improving 
Project Performance 

Jun-99 9.3 Cost &Schedule Control Supporting 
Product 

IR 155-2 Project Definition Rating Index Building Projects Jul-99 1.1 PreProject Planning Tool 

BMM 99-3 Benchmarking and Metrics Value of Best Practices 
Report Jul-99 8.5 Benchmarking and 

Metrics 
Supporting 
Product 

BMM 99-6 Chemical Projects Safety Report Jul-99 8.5 Benchmarking and 
Metrics 

Supporting 
Product 

BMM 99-4 Benchmarking and metrics 1999 Safety Report Sep-99 8.5 Benchmarking and 
Metrics 

Supporting 
Product 

BMM 99-5 Safety Key Report for 1999 Sep-99 8.5 Benchmarking and 
Metrics 

Supporting 
Product 

IR 140-2 Employee-Based Project Incentives Toolkit Oct-99 6.1 Employee Incentives Tool 
IR 133-2 Project Delivery System Selection Workbook Oct-99 10.3 Project Delivery System Tool 

RS 155-1 Pre-Project Planning Tool: PDRI for Buildings Nov-99 1.1 PreProject Planning Supporting 
Product 

RR 121-11 Planning for Startup: Analysis of The Planning 
Model and Other Success Drivers 

Nov-99 5.1 Planning for Startup Reference 

RR 155-11 Development of the Project Definition Rating Index 
(PDRI) for Building Projects 

Dec-99 1.1 PreProject Planning Reference 

RR 142-11 A Model Process for Maintainability Implementation Dec-99 5.2 Design for Maintainability Reference 

RR 142-12 State-of-Practice in Maintainability: Seven Case 
Studies 

Dec-99 5.2 Design for Maintainability Reference 
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CII Products Published Since June 1999 – Cont’d 
(Sorted by Date - w/o EMs) 

     
Pub. 

Number Title Date Knowledge Area Type 

RS 142-1 Design for Maintainability: Improving Project 
Return on Investment 

Dec-99 5.2 Design for Maintainability Supporting 
Product 

RR 140-11 Project-Specific Employee Incentives Dec-99 6.1 Employee Incentives Reference 

BMM 99-7 Impact of Design/Information Technology on 
Project Outcomes 

Dec-99 8.5 Benchmarking and 
Metrics 

Supporting 
Product 

BMM 2000-2 Benchmarking and Metrics Date Report 2000 Aug-00 8.5 Benchmarking and 
Metrics 

Supporting 
Product 

BMM 2000-4 Benchmarking and Metrics 2000 Safety Report Sep-00 8.5 Benchmarking and 
Metrics 

Supporting 
Product 
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CII Products Published in 2001 

(Sorted by Publication Number) - Jan. 7, 2002 
    

Pub. 
Number 

Title Knowledge Area Type 

RS 143-1 Determinants of Craft Labor Productivity 6.4 Craft Productivity Supporting Product 
RR 143-11 Determinants of Jobsite Productivity 6.4 Craft Productivity Reference 
RS 151-1 Radio Frequency Identification Tagging 12.1 Automated Identification Supporting Product 
IR 151-2 Radio Frequency Identification Tagging 12.1 Automated Identification Tool 
RR 151-11 Radio Frequency Identification Tagging 12.1 Automated Identification Reference 
RS 152-1 3D CAD and FIAPP 12.3 Computer Aided Design/Drafting Supporting Product 
    12.4 FIAPP Supporting Product 
RS 153-1 Field Rework Index 6.4 Craft Productivity Supporting Product 
RR 153-11 Field Rework Index * 6.4 Craft Productivity Reference 
RS 154-1 Electronic Simulation in Construction * 8.6 Process Simulation Supporting Product 
RR 154-11 Electronic Simulation in Construction * 8.6 Process Simulation Reference 
RS 156-1 Engineering Productivity Management 2.2 Design Effectiveness Supporting Product 
RR 156-11 Engineering Productivity Management 2.2 Design Effectiveness Reference 

RR 158-11 
Quantifying the Cumulative Impact of 
Change Orders for Electrical and 
Mechanical Contractors 

9.1 Change Management Reference 

RR 160-11 Zero Accidents 11.1 Zero Accidents Techniques Reference 
RS 161-1 Small Project Execution * 8.4 Small Projects Supporting Product 
IR 161-2 Small Projects Toolkit 8.4 Small Projects Tool 

RS 165-1 Owner's Project Delivery and Contract 
Strategy 

10.3 Project Delivery Strategies Supporting Product 

    
* In press   
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CII Products Published in 2001 
(Sorted by Publication Number) - Jan. 7, 2002 

    
Pub. 

Number 
Title Knowledge Area Type 

IR 165-2 Owner's Project Delivery and Contract 
Strategy 

10.3 Project Delivery Strategies Tool 

RR 165-12 Project Delivery and Contract Strategy 
Selection 

10.3 Project Delivery Strategies Reference 

IR 166-2 A Guild to the CII Implementation Model 
and Knowledge Structure * 

8.2 Implementation of Products Tool 

IR 170-2 Virtual Teams: A Guide to Successful 
Implementation * 

7.1 Team Building  Tool 

    12.4 FIAPP   

    
* In press   
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Appendix G1 CKII Calculation Example 
(for Company boa27al)
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Survey Section Question 
1 2 3 4 5 6 7 8 

Q1 1 2 5 2 5 2 1 1 
Q2 3 2 5 4 5 3 1 1 
Q3 2 2 1 4 4 2 N/A N/A 
Q4 4 2 2 N/A 5 N/A 4 N/A 
Q5 3 3 2 N/A N/A N/A N/A N/A 
Q6 2 4 2 N/A 4 N/A N/A N/A 
Q7 4 4 2 4 N/A N/A N/A N/A 
Q8 2   N/A 4 4 N/A N/A 
Q9 4    4 2 N/A N/A 
Q10 3    N/A 4 4 4 
Q11     N/A 4  3 
Q12     4   4 
Q13        1 

  * N/A: Not Applicable 

Step 1.  Add up scores of 78 questions  

Total = 1+3+2+….+3+4+1 = 165 

Step 2.  Exclude ‘Not-Applicable’ questions 

Number of N/As à  25 

Step 3.  Calculate maximum and minimum 

  Maximum = (78-25) X 5 = 265 

  Minimum = (78-25) X 1 = 53 

Step 4.  Adjust maximum, minimum, and total with minimum = 0 

  Maximum = 265 – 53 = 212 

  Minimum = 0 

  Total = 165 –  53 = 112 

Step  5.  Normalize the total (Min.: 0, Max.: 200) 

  112 : 212 = CKII : 200 

  CKII = 106 
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Survey Section Question 

1 2 3 4 5 6 7 8 
Q1 1 2 5 2 5 2 1 1 
Q2 3 2 5 4 5 3 1 1 
Q3 2 2 1 4 4 2 N/A N/A 
Q4 4 2 2 N/A 5 N/A 4 N/A 
Q5 3 3 2 N/A N/A N/A N/A N/A 
Q6 2 4 2 N/A 4 N/A N/A N/A 
Q7 4 4 2 4 N/A N/A N/A N/A 
Q8 2   N/A 4 4 N/A N/A 
Q9 4    4 2 N/A N/A 
Q10 3    N/A 4 4 4 
Q11     N/A 4  3 
Q12     4   4 
Q13               1 

Total 28 19 19 14 35 21 10 19 
Section 
Score* 

11 11 11 16 21 13 10 11 

  * Normalized score with minimum = 0 and maximum = 25 

Alternative CKII   = 11 + 11 + 11+ 16 + 21 + 13+ 10+ 11  

= 104 
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Company 

ID 
CKII Alternative 

CKII 
Company 

ID 
CKII Alternative 

CKII 
boa08aj 139 138 ic20ji 103 101 
boa10rc 106 107 ic21gk 136 136 
boa11ls 106 104 ic22dk 109 102 
boa12th 140 137 ic25jl 167 164 
boa13rf 144 143 ic29pm 131 132 
boa16gg 123 119 ic31jm 56 52 
boa22ch 125 122 ic33wm 90 88 
boa23wj 133 135 ic36bp 101 99 
boa24ik 96 91 ic37bp 104 102 
boa26jl 89 86 ic38rp 79 81 
boa27rl 109 106 ic41js 118 117 
boa30pv 82 79 ic42ws 88 81 
boa31js 78 69 ic45wc 146 142 

boa33mw 100 97 ic47pt 89 86 
ic02rb 158 156 ic50zz 116 115 
ic04wb 132 128 ic51aa 140 140 
ic06bg 115 120 ISC01 110 108 
ic08jc 103 97 ISC02 76 75 
ic10de 102 99 ISC03 149 147 
ic14jg 158 156 ISC04 96 99 
ic18kh 149 147    
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Appendix H1  ANOVA SPSS® Outputs –  
 

Comparison of Implementation Steps
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Test of Homogeneity of Variances 

 
Levene Statistic df1 df2 Sig. 

1.938 7 319 .063 
 
 

ANOVA 
 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between Groups 22.503 7 3.215 4.725 .000 
Within Groups 217.044 319 .680   

Total 239.546 326    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: AVG  
Tukey HSD  

  
Mean 

Differenc
e (I-J) 

Std. 
Error Sig. 

95% 
Confidence 

Interval 
 

(I) 
SECTION 

(J) 
SECTION    Lower 

Bound 
Upper 
Bound 

1 2 .851 .1822 .000 .295 1.407
3 .275 .1822 .803 -.281 .831
4 .198 .1822 .959 -.358 .754
5 -.006 .1822 1.000 -.562 .550
6 .200 .1833 .959 -.359 .759
7 .140 .1822 .995 -.416 .696
8 .459 .1822 .190 -.097 1.015

2 1 -.851 .1822 .000 -1.407 -.295
3 -.576 .1822 .036 -1.132 -.020
4 -.652 .1822 .009 -1.208 -.097
5 -.857 .1822 .000 -1.413 -.301
6 -.651 .1833 .010 -1.210 -.092
7 -.711 .1822 .003 -1.267 -.155
8 -.392 .1822 .386 -.947 .164

3 1 -.275 .1822 .803 -.831 .281
2 .576 .1822 .036 .020 1.132
4 -.076 .1822 1.000 -.632 .479
5 -.281 .1822 .784 -.837 .275
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6 -.075 .1833 1.000 -.634 .485
7 -.135 .1822 .996 -.690 .421
8 .185 .1822 .972 -.371 .740

4 1 -.198 .1822 .959 -.754 .358
2 .652 .1822 .009 .097 1.208
3 .076 .1822 1.000 -.479 .632
5 -.204 .1822 .952 -.760 .351
6 .002 .1833 1.000 -.558 .561
7 -.058 .1822 1.000 -.614 .498
8 .261 .1822 .842 -.295 .817

5 1 .006 .1822 1.000 -.550 .562
2 .857 .1822 .000 .301 1.413
3 .281 .1822 .784 -.275 .837
4 .204 .1822 .952 -.351 .760
6 .206 .1833 .951 -.353 .765
7 .146 .1822 .993 -.410 .702
8 .465 .1822 .177 -.091 1.021

6 1 -.200 .1833 .959 -.759 .359
2 .651 .1833 .010 .092 1.210
3 .075 .1833 1.000 -.485 .634
4 -.002 .1833 1.000 -.561 .558
5 -.206 .1833 .951 -.765 .353
7 -.060 .1833 1.000 -.619 .500
8 .259 .1833 .850 -.300 .819

7 1 -.140 .1822 .995 -.696 .416
2 .711 .1822 .003 .155 1.267
3 .135 .1822 .996 -.421 .690
4 .058 .1822 1.000 -.498 .614
5 -.146 .1822 .993 -.702 .410
6 .060 .1833 1.000 -.500 .619
8 .319 .1822 .653 -.237 .875

8 1 -.459 .1822 .190 -1.015 .097
2 .392 .1822 .386 -.164 .947
3 -.185 .1822 .972 -.740 .371
4 -.261 .1822 .842 -.817 .295
5 -.465 .1822 .177 -1.021 .091
6 -.259 .1833 .850 -.819 .300
7 -.319 .1822 .653 -.875 .237

*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 

 
Tukey HSD 
 N Subset for alpha = .05  

SECTION  1 2 
2 41 2.630  
8 41 3.021 3.021 
3 41  3.206 
6 40  3.281 
4 41  3.282 
7 41  3.340 
1 41  3.480 
5 41  3.487 

Sig.  .388 .179 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 40.872. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
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Appendix H2  ANOVA SPSS® Outputs –  
 

Corporate Commitment
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ANOVA 
 

Sum of Squares df Mean 
Square 

F Sig. 

Between Groups 43.076 9 4.786 4.115 .000 
Within Groups  465.268 400 1.163   

Total 508.344 409    

 

Post Hoc Tests  
Multiple Comparisons 
Dependent Variable: SEC111  
Tukey HSD  

  Mean Difference  
(I-J) 

Std. 
Error 

Sig. 

95% 
Confiden

ce 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 .54 .238 .423 -.22 1.29
3 .27 .238 .982 -.49 1.03
4 -.20 .238 .998 -.95 .56
5 .34 .238 .916 -.42 1.10
6 .44 .238 .707 -.32 1.20
7 -.29 .238 .967 -1.05 .47
8 -.05 .238 1.000 -.81 .71
9 -.02 .238 1.000 -.78 .73

10 .76 .238 .051 .00 1.51
2 1 -.54 .238 .423 -1.29 .22

3 -.27 .238 .982 -1.03 .49
4 -.73 .238 .069 -1.49 .03
5 -.20 .238 .998 -.95 .56
6 -.10 .238 1.000 -.86 .66
7 -.83 .238 .020 -1.59 -.07
8 -.59 .238 .295 -1.34 .17
9 -.56 .238 .356 -1.32 .20

10 .22 .238 .996 -.54 .98
3 1 -.27 .238 .982 -1.03 .49

2 .27 .238 .982 -.49 1.03
4 -.46 .238 .638 -1.22 .29
5 .07 .238 1.000 -.68 .83
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6 .17 .238 .999 -.59 .93
7 -.56 .238 .356 -1.32 .20
8 -.32 .238 .946 -1.07 .44
9 -.29 .238 .967 -1.05 .47

10 .49 .238 .566 -.27 1.25
4 1 .20 .238 .998 -.56 .95

2 .73 .238 .069 -.03 1.49
3 .46 .238 .638 -.29 1.22
5 .54 .238 .423 -.22 1.29
6 .63 .238 .193 -.12 1.39
7 -.10 .238 1.000 -.86 .66
8 .15 .238 1.000 -.61 .90
9 .17 .238 .999 -.59 .93

10 .95 .238 .003 .19 1.71
5 1 -.34 .238 .916 -1.10 .42

2 .20 .238 .998 -.56 .95
3 -.07 .238 1.000 -.83 .68
4 -.54 .238 .423 -1.29 .22
6 .10 .238 1.000 -.66 .86
7 -.63 .238 .193 -1.39 .12
8 -.39 .238 .829 -1.15 .37
9 -.37 .238 .877 -1.12 .39

10 .41 .238 .771 -.34 1.17
6 1 -.44 .238 .707 -1.20 .32

2 .10 .238 1.000 -.66 .86
3 -.17 .238 .999 -.93 .59
4 -.63 .238 .193 -1.39 .12
5 -.10 .238 1.000 -.86 .66
7 -.73 .238 .069 -1.49 .03
8 -.49 .238 .566 -1.25 .27
9 -.46 .238 .638 -1.22 .29

10 .32 .238 .946 -.44 1.07
7 1 .29 .238 .967 -.47 1.05

2 .83 .238 .020 .07 1.59
3 .56 .238 .356 -.20 1.32
4 .10 .238 1.000 -.66 .86
5 .63 .238 .193 -.12 1.39
6 .73 .238 .069 -.03 1.49
8 .24 .238 .991 -.51 1.00
9 .27 .238 .982 -.49 1.03
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10 1.05 .238 .001 .29 1.81
8 1 .05 .238 1.000 -.71 .81

2 .59 .238 .295 -.17 1.34
3 .32 .238 .946 -.44 1.07
4 -.15 .238 1.000 -.90 .61
5 .39 .238 .829 -.37 1.15
6 .49 .238 .566 -.27 1.25
7 -.24 .238 .991 -1.00 .51
9 .02 .238 1.000 -.73 .78

10 .80 .238 .027 .05 1.56
9 1 .02 .238 1.000 -.73 .78

2 .56 .238 .356 -.20 1.32
3 .29 .238 .967 -.47 1.05
4 -.17 .238 .999 -.93 .59
5 .37 .238 .877 -.39 1.12
6 .46 .238 .638 -.29 1.22
7 -.27 .238 .982 -1.03 .49
8 -.02 .238 1.000 -.78 .73

10 .78 .238 .038 .02 1.54
10 1 -.76 .238 .051 -1.51 .00

2 -.22 .238 .996 -.98 .54
3 -.49 .238 .566 -1.25 .27
4 -.95 .238 .003 -1.71 -.19
5 -.41 .238 .771 -1.17 .34
6 -.32 .238 .946 -1.07 .44
7 -1.05 .238 .001 -1.81 -.29
8 -.80 .238 .027 -1.56 -.05
9 -.78 .238 .038 -1.54 -.02

*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 

Tukey HSD  

 N 
Subset 

for alpha 
= .05 

  

QUESTION  1 2 3 
10 41 2.90
2 41 3.12 3.12
6 41 3.22 3.22 3.22
5 41 3.32 3.32 3.32
3 41 3.39 3.39 3.39
1 41 3.66 3.66 3.66
9 41 3.68 3.68
8 41 3.71 3.71
4 41 3.85 3.85
7 41 3.95

Sig. .051 .069 .069
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 41.000. 

 

 



 333 

Appendix H3 ANOVA SPSS® Outputs –  
 

Self Audit



 334 

ANOVA 
 
 

 Sum of 
Squares df Mean 

Square F Sig. 

Between Groups  4.028 6 .671 .619 .715 
Within Groups  295.968 273 1.084   

Total 299.996 279    
 

Post Hoc Tests  
 
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Differenc
e (I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower Bound Upper Bound 
1 2 .12 .230 .998 -.56 .81 
  3 .34 .230 .754 -.34 1.02 
  4 .17 .230 .990 -.51 .85 
  5 .06 .233 1.000 -.63 .76 
  6 .12 .233 .999 -.58 .81 
  7 -.06 .234 1.000 -.76 .64 
2 1 -.12 .230 .998 -.81 .56 
  3 .22 .230 .963 -.46 .90 
  4 .05 .230 1.000 -.63 .73 
  5 -.06 .233 1.000 -.75 .63 
  6 -.01 .233 1.000 -.70 .68 
  7 -.18 .234 .987 -.88 .51 
3 1 -.34 .230 .754 -1.02 .34 
  2 -.22 .230 .963 -.90 .46 
  4 -.17 .230 .990 -.85 .51 
  5 -.28 .233 .897 -.97 .41 
  6 -.23 .233 .960 -.92 .47 
  7 -.40 .234 .609 -1.10 .30 
4 1 -.17 .230 .990 -.85 .51 
  2 -.05 .230 1.000 -.73 .63 
  3 .17 .230 .990 -.51 .85 
  5 -.11 .233 .999 -.80 .58 
  6 -.06 .233 1.000 -.75 .64 
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  7 -.23 .234 .957 -.93 .47 
5 1 -.06 .233 1.000 -.76 .63 
  2 .06 .233 1.000 -.63 .75 
  3 .28 .233 .897 -.41 .97 
  4 .11 .233 .999 -.58 .80 
  6 .05 .236 1.000 -.65 .75 
  7 -.12 .237 .999 -.83 .58 
6 1 -.12 .233 .999 -.81 .58 
  2 .01 .233 1.000 -.68 .70 
  3 .23 .233 .960 -.47 .92 
  4 .06 .233 1.000 -.64 .75 
  5 -.05 .236 1.000 -.75 .65 
  7 -.17 .237 .990 -.88 .53 
7 1 .06 .234 1.000 -.64 .76 
  2 .18 .234 .987 -.51 .88 
  3 .40 .234 .609 -.30 1.10 
  4 .23 .234 .957 -.47 .93 
  5 .12 .237 .999 -.58 .83 
  6 .17 .237 .990 -.53 .88 
 
 

Homogeneous Subsets 
Tukey HSD  

 N Subset for alpha = .05 
QUESTION  1 

3 41 2.41 
4 41 2.59 
2 41 2.63 
6 39 2.64 
5 39 2.69 
1 41 2.76 
7 38 2.82 

Sig.  .602 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.964. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
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Appendix H4  ANOVA SPSS® Outputs –  
 

Product Champions / Review Boards
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ANOVA 
  
 

 Sum of 
Squares df Mean 

Square F Sig. 

Between Groups 31.009 6 5.168 2.443 .026 
Within Groups 554.284 262 2.116   

Total 585.294 268    
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: A  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 -.20 .344 .997 -1.23 .82 
  3 -.39 .325 .891 -1.36 .57 
  4 -.03 .325 1.000 -.99 .94 
  5 -1.03 .329 .033 -2.00 -.05 
  6 -.03 .327 1.000 -1.00 .95 
  7 -.38 .336 .914 -1.38 .61 
2 1 .20 .344 .997 -.82 1.23 
  3 -.19 .340 .998 -1.20 .82 
  4 .18 .340 .999 -.83 1.19 
  5 -.82 .344 .206 -1.85 .20 
  6 .18 .342 .999 -.84 1.19 
  7 -.18 .351 .999 -1.22 .86 
3 1 .39 .325 .891 -.57 1.36 
  2 .19 .340 .998 -.82 1.20 
  4 .37 .321 .915 -.59 1.32 
  5 -.63 .325 .452 -1.60 .33 
  6 .37 .323 .917 -.59 1.33 
  7 .01 .332 1.000 -.98 1.00 
4 1 .03 .325 1.000 -.94 .99 
  2 -.18 .340 .999 -1.19 .83 
  3 -.37 .321 .915 -1.32 .59 
  5 -1.00 .325 .038 -1.97 -.03 
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  6 .00 .323 1.000 -.96 .96 
  7 -.36 .332 .934 -1.34 .63 
5 1 1.03 .329 .033 .05 2.00 
  2 .82 .344 .206 -.20 1.85 
  3 .63 .325 .452 -.33 1.60 
  4 1.00 .325 .038 .03 1.97 
  6 1.00 .327 .040 .03 1.97 
  7 .64 .336 .478 -.36 1.64 
6 1 .03 .327 1.000 -.95 1.00 
  2 -.18 .342 .999 -1.19 .84 
  3 -.37 .323 .917 -1.33 .59 
  4 .00 .323 1.000 -.96 .96 
  5 -1.00 .327 .040 -1.97 -.03 
  7 -.36 .334 .936 -1.35 .63 
7 1 .38 .336 .914 -.61 1.38 
  2 .18 .351 .999 -.86 1.22 
  3 -.01 .332 1.000 -1.00 .98 
  4 .36 .332 .934 -.63 1.34 
  5 -.64 .336 .478 -1.64 .36 
  6 .36 .334 .936 -.63 1.35 

*  The mean difference is significant at the .05 level. 
 

 
Homogeneous Subsets 

Tukey HSD  
  N Subset for alpha = .05   

Q  1 2 
1 39 2.95  
6 40 2.98  
4 41 2.98  
2 33 3.15 3.15 
7 36 3.33 3.33 
3 41 3.34 3.34 
5 39  3.97 

Sig.  .901 .173 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 38.221. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 



 339 

Appendix H5  ANOVA SPSS® Outputs –  
 

Product (Practice) Implementation
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 ANOVA 
 
  

 Sum of Squares df Mean Square F Sig. 
Between Groups  24.021 7 3.432 3.153 .003 
Within Groups  335.195 308 1.088   

Total 359.215 315    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 .26 .232 .948 -.44 .97 
  3 -.41 .230 .621 -1.12 .29 
  4 .30 .238 .913 -.43 1.03 
  5 .54 .232 .283 -.17 1.25 
  6 .26 .232 .948 -.44 .97 
  7 -.02 .230 1.000 -.73 .68 
  8 .30 .237 .904 -.42 1.03 
2 1 -.26 .232 .948 -.97 .44 
  3 -.68 .232 .071 -1.39 .03 
  4 .04 .240 1.000 -.70 .77 
  5 .27 .233 .937 -.44 .99 
  6 .00 .233 1.000 -.71 .71 
  7 -.29 .232 .918 -1.00 .42 
  8 .04 .238 1.000 -.69 .77 
3 1 .41 .230 .621 -.29 1.12 
  2 .68 .232 .071 -.03 1.39 
  4 .71 .238 .058 -.01 1.44 
  5 .95 .232 .001 .25 1.66 
  6 .68 .232 .071 -.03 1.39 
  7 .39 .230 .691 -.31 1.09 
  8 .72 .237 .052 .00 1.44 
4 1 -.30 .238 .913 -1.03 .43 
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  2 -.04 .240 1.000 -.77 .70 
  3 -.71 .238 .058 -1.44 .01 
  5 .24 .240 .975 -.49 .97 
  6 -.04 .240 1.000 -.77 .70 
  7 -.32 .238 .874 -1.05 .40 
  8 .00 .244 1.000 -.74 .75 
5 1 -.54 .232 .283 -1.25 .17 
  2 -.27 .233 .937 -.99 .44 
  3 -.95 .232 .001 -1.66 -.25 
  4 -.24 .240 .975 -.97 .49 
  6 -.27 .233 .937 -.99 .44 
  7 -.56 .232 .231 -1.27 .14 
  8 -.24 .238 .976 -.96 .49 
6 1 -.26 .232 .948 -.97 .44 
  2 .00 .233 1.000 -.71 .71 
  3 -.68 .232 .071 -1.39 .03 
  4 .04 .240 1.000 -.70 .77 
  5 .27 .233 .937 -.44 .99 
  7 -.29 .232 .918 -1.00 .42 
  8 .04 .238 1.000 -.69 .77 
7 1 .02 .230 1.000 -.68 .73 
  2 .29 .232 .918 -.42 1.00 
  3 -.39 .230 .691 -1.09 .31 
  4 .32 .238 .874 -.40 1.05 
  5 .56 .232 .231 -.14 1.27 
  6 .29 .232 .918 -.42 1.00 
  8 .33 .237 .862 -.39 1.05 
8 1 -.30 .237 .904 -1.03 .42 
  2 -.04 .238 1.000 -.77 .69 
  3 -.72 .237 .052 -1.44 .00 
  4 .00 .244 1.000 -.75 .74 
  5 .24 .238 .976 -.49 .96 
  6 -.04 .238 1.000 -.77 .69 
  7 -.33 .237 .862 -1.05 .39 
*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05  

QUESTION  1 2 
5 40 2.90  
8 37 3.14  
4 36 3.14 3.14 
2 40 3.18 3.18 
6 40 3.18 3.18 
1 41 3.44 3.44 
7 41 3.46 3.46 
3 41  3.85 

Sig.  .246 .051 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.414. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
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Appendix H6  ANOVA SPSS® Outputs –  
 

Corporate Implementation Champion



 344 

 ANOVA 
 

 Sum of Squares df Mean Square F Sig. 
Between Groups  83.818 11 7.620 6.827 .000 
Within Groups  463.213 415 1.116   

Total 547.030 426    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference (I-
J) 

Std. 
Error 

Sig. 
95% 

Confidenc
e Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 .22 .241 .999 -.57 1.01 
  3 .14 .241 1.000 -.66 .93 
  4 .97 .241 .004 .18 1.76 
  5 1.18 .245 .000 .37 1.98 
  6 .83 .241 .031 .04 1.62 
  7 .67 .243 .200 -.13 1.47 
  8 .28 .241 .993 -.52 1.07 
  9 .19 .241 1.000 -.60 .99 
  10 .84 .247 .036 .03 1.65 
  11 1.38 .247 .000 .57 2.20 
  12 1.01 .243 .002 .22 1.81 
2 1 -.22 .241 .999 -1.01 .57 
  3 -.08 .249 1.000 -.90 .74 
  4 .75 .249 .109 -.07 1.57 
  5 .96 .253 .009 .13 1.79 
  6 .61 .249 .372 -.21 1.43 
  7 .45 .251 .817 -.37 1.28 
  8 .06 .249 1.000 -.76 .87 
  9 -.03 .249 1.000 -.85 .79 
  10 .62 .255 .388 -.22 1.46 
  11 1.16 .255 .000 .33 2.00 
  12 .79 .251 .071 -.03 1.62 
3 1 -.14 .241 1.000 -.93 .66 
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  2 .08 .249 1.000 -.74 .90 
  4 .83 .249 .042 .01 1.65 
  5 1.04 .253 .003 .21 1.87 
  6 .69 .249 .189 -.12 1.51 
  7 .53 .251 .599 -.29 1.36 
  8 .14 .249 1.000 -.68 .96 
  9 .06 .249 1.000 -.76 .87 
  10 .70 .255 .203 -.13 1.54 
  11 1.25 .255 .000 .41 2.08 
  12 .88 .251 .026 .05 1.70 
4 1 -.97 .241 .004 -1.76 -.18 
  2 -.75 .249 .109 -1.57 .07 
  3 -.83 .249 .042 -1.65 -.01 
  5 .21 .253 1.000 -.62 1.04 
  6 -.14 .249 1.000 -.96 .68 
  7 -.30 .251 .990 -1.12 .53 
  8 -.69 .249 .189 -1.51 .12 
  9 -.78 .249 .080 -1.60 .04 
  10 -.13 .255 1.000 -.97 .71 
  11 .41 .255 .899 -.42 1.25 
  12 .04 .251 1.000 -.78 .87 
5 1 -1.18 .245 .000 -1.98 -.37 
  2 -.96 .253 .009 -1.79 -.13 
  3 -1.04 .253 .003 -1.87 -.21 
  4 -.21 .253 1.000 -1.04 .62 
  6 -.35 .253 .967 -1.18 .48 
  7 -.51 .254 .697 -1.34 .33 
  8 -.90 .253 .020 -1.73 -.07 
  9 -.99 .253 .006 -1.82 -.16 
  10 -.34 .258 .976 -1.19 .51 
  11 .20 .258 1.000 -.64 1.05 
  12 -.16 .254 1.000 -1.00 .67 
6 1 -.83 .241 .031 -1.62 -.04 
  2 -.61 .249 .372 -1.43 .21 
  3 -.69 .249 .189 -1.51 .12 
  4 .14 .249 1.000 -.68 .96 
  5 .35 .253 .967 -.48 1.18 
  7 -.16 .251 1.000 -.98 .66 
  8 -.56 .249 .528 -1.37 .26 
  9 -.64 .249 .303 -1.46 .18 
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  10 .01 .255 1.000 -.83 .84 
  11 .55 .255 .571 -.28 1.39 
  12 .18 .251 1.000 -.64 1.01 
7 1 -.67 .243 .200 -1.47 .13 
  2 -.45 .251 .817 -1.28 .37 
  3 -.53 .251 .599 -1.36 .29 
  4 .30 .251 .990 -.53 1.12 
  5 .51 .254 .697 -.33 1.34 
  6 .16 .251 1.000 -.66 .98 
  8 -.40 .251 .916 -1.22 .43 
  9 -.48 .251 .752 -1.30 .34 
  10 .17 .256 1.000 -.68 1.01 
  11 .71 .256 .193 -.13 1.56 
  12 .34 .253 .971 -.49 1.17 
8 1 -.28 .241 .993 -1.07 .52 
  2 -.06 .249 1.000 -.87 .76 
  3 -.14 .249 1.000 -.96 .68 
  4 .69 .249 .189 -.12 1.51 
  5 .90 .253 .020 .07 1.73 
  6 .56 .249 .528 -.26 1.37 
  7 .40 .251 .916 -.43 1.22 
  9 -.08 .249 1.000 -.90 .74 
  10 .56 .255 .542 -.27 1.40 
  11 1.11 .255 .001 .27 1.95 
  12 .74 .251 .129 -.09 1.56 
9 1 -.19 .241 1.000 -.99 .60 
  2 .03 .249 1.000 -.79 .85 
  3 -.06 .249 1.000 -.87 .76 
  4 .78 .249 .080 -.04 1.60 
  5 .99 .253 .006 .16 1.82 
  6 .64 .249 .303 -.18 1.46 
  7 .48 .251 .752 -.34 1.30 
  8 .08 .249 1.000 -.74 .90 
  10 .65 .255 .319 -.19 1.48 
  11 1.19 .255 .000 .36 2.03 
  12 .82 .251 .051 .00 1.65 
10 1 -.84 .247 .036 -1.65 -.03 
  2 -.62 .255 .388 -1.46 .22 
  3 -.70 .255 .203 -1.54 .13 
  4 .13 .255 1.000 -.71 .97 
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  5 .34 .258 .976 -.51 1.19 
  6 -.01 .255 1.000 -.84 .83 
  7 -.17 .256 1.000 -1.01 .68 
  8 -.56 .255 .542 -1.40 .27 
  9 -.65 .255 .319 -1.48 .19 
  11 .55 .260 .625 -.31 1.40 
  12 .18 .256 1.000 -.67 1.02 
11 1 -1.38 .247 .000 -2.20 -.57 
  2 -1.16 .255 .000 -2.00 -.33 
  3 -1.25 .255 .000 -2.08 -.41 
  4 -.41 .255 .899 -1.25 .42 
  5 -.20 .258 1.000 -1.05 .64 
  6 -.55 .255 .571 -1.39 .28 
  7 -.71 .256 .193 -1.56 .13 
  8 -1.11 .255 .001 -1.95 -.27 
  9 -1.19 .255 .000 -2.03 -.36 
  10 -.55 .260 .625 -1.40 .31 
  12 -.37 .256 .954 -1.21 .47 
12 1 -1.01 .243 .002 -1.81 -.22 
  2 -.79 .251 .071 -1.62 .03 
  3 -.88 .251 .026 -1.70 -.05 
  4 -.04 .251 1.000 -.87 .78 
  5 .16 .254 1.000 -.67 1.00 
  6 -.18 .251 1.000 -1.01 .64 
  7 -.34 .253 .971 -1.17 .49 
  8 -.74 .251 .129 -1.56 .09 
  9 -.82 .251 .051 -1.65 .00 
  10 -.18 .256 1.000 -1.02 .67 
  11 .37 .256 .954 -.47 1.21 
*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 

Tukey HSD  

 N Subset for alpha = 
.05    

QUESTION  1 2 3 4 
11 33 3.03    
5 34 3.24    
12 35 3.40 3.40   
4 36 3.44 3.44   
10 33 3.58 3.58 3.58  
6 36 3.58 3.58 3.58  
7 35 3.74 3.74 3.74 3.74 
8 36  4.14 4.14 4.14 
2 36  4.19 4.19 4.19 
9 36  4.22 4.22 4.22 
3 36   4.28 4.28 
1 41    4.41 

Sig.  .167 .051 .184 .241 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 35.480. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. Type 
I error levels are not guaranteed. 



 349 

Appendix H7  ANOVA SPSS® Outputs –  
 

Implementation Plans & Goals
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 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  12.311 10 1.231 1.326 .214 
Within Groups  381.663 411 .929   

Total 393.974 421    
 
 

Post Hoc Tests  

 
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error Sig. 

95% 
Confidence 

Interval 
 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 .23 .215 .994 -.47 .92 
  3 .25 .215 .986 -.45 .95 
  4 -.24 .217 .990 -.94 .46 
  5 -.22 .220 .996 -.93 .49 
  6 .16 .220 1.000 -.55 .87 
  7 -.12 .221 1.000 -.84 .59 
  8 .22 .218 .996 -.49 .93 
  9 .00 .215 1.000 -.70 .70 
  10 .13 .220 1.000 -.58 .85 
  11 .17 .218 1.000 -.54 .87 
2 1 -.23 .215 .994 -.92 .47 
  3 .02 .215 1.000 -.67 .72 
  4 -.46 .217 .547 -1.17 .24 
  5 -.44 .220 .640 -1.15 .27 
  6 -.06 .220 1.000 -.78 .65 
  7 -.35 .221 .895 -1.06 .37 
  8 -.01 .218 1.000 -.71 .70 
  9 -.23 .215 .994 -.92 .47 
  10 -.09 .220 1.000 -.80 .62 
  11 -.06 .218 1.000 -.77 .65 
3 1 -.25 .215 .986 -.95 .45 
  2 -.02 .215 1.000 -.72 .67 
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  4 -.49 .217 .465 -1.19 .21 
  5 -.47 .220 .558 -1.18 .24 
  6 -.09 .220 1.000 -.80 .62 
  7 -.37 .221 .844 -1.09 .34 
  8 -.03 .218 1.000 -.74 .68 
  9 -.25 .215 .986 -.95 .45 
  10 -.12 .220 1.000 -.83 .60 
  11 -.08 .218 1.000 -.79 .62 
4 1 .24 .217 .990 -.46 .94 
  2 .46 .217 .547 -.24 1.17 
  3 .49 .217 .465 -.21 1.19 
  5 .02 .221 1.000 -.69 .74 
  6 .40 .221 .773 -.32 1.12 
  7 .12 .223 1.000 -.60 .84 
  8 .46 .220 .588 -.25 1.17 
  9 .24 .217 .990 -.46 .94 
  10 .37 .221 .841 -.34 1.09 
  11 .41 .220 .752 -.31 1.12 
5 1 .22 .220 .996 -.49 .93 
  2 .44 .220 .640 -.27 1.15 
  3 .47 .220 .558 -.24 1.18 
  4 -.02 .221 1.000 -.74 .69 
  6 .38 .224 .841 -.35 1.10 
  7 .10 .226 1.000 -.63 .83 
  8 .44 .223 .678 -.28 1.16 
  9 .22 .220 .996 -.49 .93 
  10 .35 .224 .895 -.37 1.08 
  11 .38 .223 .823 -.34 1.10 
6 1 -.16 .220 1.000 -.87 .55 
  2 .06 .220 1.000 -.65 .78 
  3 .09 .220 1.000 -.62 .80 
  4 -.40 .221 .773 -1.12 .32 
  5 -.38 .224 .841 -1.10 .35 
  7 -.28 .226 .976 -1.01 .45 
  8 .06 .223 1.000 -.66 .78 
  9 -.16 .220 1.000 -.87 .55 
  10 -.03 .224 1.000 -.75 .70 
  11 .00 .223 1.000 -.72 .73 
7 1 .12 .221 1.000 -.59 .84 
  2 .35 .221 .895 -.37 1.06 
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  3 .37 .221 .844 -.34 1.09 
  4 -.12 .223 1.000 -.84 .60 
  5 -.10 .226 1.000 -.83 .63 
  6 .28 .226 .976 -.45 1.01 
  8 .34 .224 .913 -.38 1.07 
  9 .12 .221 1.000 -.59 .84 
  10 .26 .226 .988 -.47 .99 
  11 .29 .224 .971 -.44 1.01 
8 1 -.22 .218 .996 -.93 .49 
  2 .01 .218 1.000 -.70 .71 
  3 .03 .218 1.000 -.68 .74 
  4 -.46 .220 .588 -1.17 .25 
  5 -.44 .223 .678 -1.16 .28 
  6 -.06 .223 1.000 -.78 .66 
  7 -.34 .224 .913 -1.07 .38 
  9 -.22 .218 .996 -.93 .49 
  10 -.08 .223 1.000 -.81 .64 
  11 -.05 .221 1.000 -.77 .66 
9 1 .00 .215 1.000 -.70 .70 
  2 .23 .215 .994 -.47 .92 
  3 .25 .215 .986 -.45 .95 
  4 -.24 .217 .990 -.94 .46 
  5 -.22 .220 .996 -.93 .49 
  6 .16 .220 1.000 -.55 .87 
  7 -.12 .221 1.000 -.84 .59 
  8 .22 .218 .996 -.49 .93 
  10 .13 .220 1.000 -.58 .85 
  11 .17 .218 1.000 -.54 .87 
10 1 -.13 .220 1.000 -.85 .58 
  2 .09 .220 1.000 -.62 .80 
  3 .12 .220 1.000 -.60 .83 
  4 -.37 .221 .841 -1.09 .34 
  5 -.35 .224 .895 -1.08 .37 
  6 .03 .224 1.000 -.70 .75 
  7 -.26 .226 .988 -.99 .47 
  8 .08 .223 1.000 -.64 .81 
  9 -.13 .220 1.000 -.85 .58 
  11 .03 .223 1.000 -.69 .75 
11 1 -.17 .218 1.000 -.87 .54 
  2 .06 .218 1.000 -.65 .77 
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  3 .08 .218 1.000 -.62 .79 
  4 -.41 .220 .752 -1.12 .31 
  5 -.38 .223 .823 -1.10 .34 
  6 .00 .223 1.000 -.73 .72 
  7 -.29 .224 .971 -1.01 .44 
  8 .05 .221 1.000 -.66 .77 
  9 -.17 .218 1.000 -.87 .54 
  10 -.03 .223 1.000 -.75 .69 

 
 

Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05 

QUESTION  1 
3 40 3.10 
2 40 3.13 
8 38 3.13 
11 38 3.18 
6 37 3.19 
10 37 3.22 
1 40 3.35 
9 40 3.35 
7 36 3.47 
5 37 3.57 
4 39 3.59 

Sig.  .489 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 38.310. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix H8  ANOVA SPSS® Outputs –  
 

Product Training



 355 

 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  34.704 9 3.856 4.144 .000 
Within Groups  351.750 378 .931   

Total 386.454 387    
 
 

Post Hoc Tests  

 
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Differenc
e (I-J) 

Std. 
Error Sig. 

95% 
Confiden

ce 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 .37 .214 .786 -.31 1.05 
  3 -.15 .217 .999 -.85 .54 
  4 -.40 .216 .701 -1.09 .29 
  5 -.45 .216 .536 -1.14 .24 
  6 -.46 .219 .513 -1.16 .23 
  7 -.26 .217 .973 -.95 .43 
  8 .29 .216 .939 -.39 .98 
  9 -.22 .219 .992 -.92 .48 
  10 .24 .214 .981 -.44 .93 
2 1 -.37 .214 .786 -1.05 .31 
  3 -.52 .219 .334 -1.22 .17 
  4 -.77 .217 .016 -1.46 -.08 
  5 -.82 .217 .007 -1.51 -.13 
  6 -.83 .220 .007 -1.53 -.13 
  7 -.63 .219 .117 -1.32 .07 
  8 -.08 .217 1.000 -.77 .62 
  9 -.59 .220 .188 -1.29 .11 
  10 -.13 .216 1.000 -.81 .56 
3 1 .15 .217 .999 -.54 .85 
  2 .52 .219 .334 -.17 1.22 
  4 -.24 .220 .983 -.94 .45 
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  5 -.30 .220 .942 -1.00 .40 
  6 -.31 .223 .930 -1.02 .40 
  7 -.11 .221 1.000 -.81 .60 
  8 .45 .220 .575 -.25 1.15 
  9 -.07 .223 1.000 -.78 .64 
  10 .40 .219 .723 -.30 1.09 
4 1 .40 .216 .701 -.29 1.09 
  2 .77 .217 .016 .08 1.46 
  3 .24 .220 .983 -.45 .94 
  5 -.05 .218 1.000 -.75 .64 
  6 -.06 .221 1.000 -.77 .64 
  7 .14 .220 1.000 -.56 .84 
  8 .69 .218 .052 .00 1.39 
  9 .18 .221 .998 -.53 .88 
  10 .64 .217 .094 -.05 1.33 
5 1 .45 .216 .536 -.24 1.14 
  2 .82 .217 .007 .13 1.51 
  3 .30 .220 .942 -.40 1.00 
  4 .05 .218 1.000 -.64 .75 
  6 -.01 .221 1.000 -.72 .69 
  7 .19 .220 .997 -.51 .89 
  8 .74 .218 .025 .05 1.44 
  9 .23 .221 .990 -.47 .93 
  10 .69 .217 .048 .00 1.38 
6 1 .46 .219 .513 -.23 1.16 
  2 .83 .220 .007 .13 1.53 
  3 .31 .223 .930 -.40 1.02 
  4 .06 .221 1.000 -.64 .77 
  5 .01 .221 1.000 -.69 .72 
  7 .20 .223 .996 -.50 .91 
  8 .76 .221 .024 .05 1.46 
  9 .24 .224 .986 -.47 .96 
  10 .71 .220 .046 .01 1.41 
7 1 .26 .217 .973 -.43 .95 
  2 .63 .219 .117 -.07 1.32 
  3 .11 .221 1.000 -.60 .81 
  4 -.14 .220 1.000 -.84 .56 
  5 -.19 .220 .997 -.89 .51 
  6 -.20 .223 .996 -.91 .50 
  8 .55 .220 .265 -.15 1.25 
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  9 .04 .223 1.000 -.67 .75 
  10 .50 .219 .391 -.19 1.20 
8 1 -.29 .216 .939 -.98 .39 
  2 .08 .217 1.000 -.62 .77 
  3 -.45 .220 .575 -1.15 .25 
  4 -.69 .218 .052 -1.39 .00 
  5 -.74 .218 .025 -1.44 -.05 
  6 -.76 .221 .024 -1.46 -.05 
  7 -.55 .220 .265 -1.25 .15 
  9 -.51 .221 .379 -1.22 .19 
  10 -.05 .217 1.000 -.74 .64 
9 1 .22 .219 .992 -.48 .92 
  2 .59 .220 .188 -.11 1.29 
  3 .07 .223 1.000 -.64 .78 
  4 -.18 .221 .998 -.88 .53 
  5 -.23 .221 .990 -.93 .47 
  6 -.24 .224 .986 -.96 .47 
  7 -.04 .223 1.000 -.75 .67 
  8 .51 .221 .379 -.19 1.22 
  10 .46 .220 .524 -.24 1.16 
10 1 -.24 .214 .981 -.93 .44 
  2 .13 .216 1.000 -.56 .81 
  3 -.40 .219 .723 -1.09 .30 
  4 -.64 .217 .094 -1.33 .05 
  5 -.69 .217 .048 -1.38 .00 
  6 -.71 .220 .046 -1.41 -.01 
  7 -.50 .219 .391 -1.20 .19 
  8 .05 .217 1.000 -.64 .74 
  9 -.46 .220 .524 -1.16 .24 
*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 
 
Tukey HSD  

 N Subset for alpha = .05    
QUESTION  1 2 3 4 

2 40 2.93    
8 39 3.00 3.00   
10 40 3.05 3.05 3.05  
1 41 3.29 3.29 3.29 3.29 
3 38 3.45 3.45 3.45 3.45 
9 37 3.51 3.51 3.51 3.51 
7 38 3.55 3.55 3.55 3.55 
4 39  3.69 3.69 3.69 
5 39   3.74 3.74 
6 37    3.76 

Sig.  .120 .054 .053 .516 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 38.760. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 
error levels are not guaranteed. 
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Appendix H9  ANOVA SPSS® Outputs –  
 

Measure Results



 360 

 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  129.739 12 10.812 5.749 .000 
Within Groups  844.408 449 1.881   

Total 974.147 461    
 
 

Post Hoc Tests  
 

 
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1 2 -.15 .317 1.000 -1.21 .90 
  3 -.52 .321 .928 -1.59 .55 
  4 -.69 .329 .664 -1.79 .41 
  5 -.32 .329 .999 -1.41 .78 
  6 -.41 .329 .990 -1.51 .69 
  7 -.41 .329 .990 -1.51 .69 
  8 -.26 .326 1.000 -1.34 .83 
  9 -.54 .311 .877 -1.58 .49 
  10 -.46 .321 .970 -1.53 .61 
  11 -.72 .317 .535 -1.78 .33 
  12 .66 .313 .659 -.38 1.70 
  13 -1.72 .311 .000 -2.75 -.68 
2 1 .15 .317 1.000 -.90 1.21 
  3 -.36 .323 .996 -1.44 .71 
  4 -.54 .331 .922 -1.64 .57 
  5 -.16 .331 1.000 -1.26 .94 
  6 -.26 .331 1.000 -1.36 .85 
  7 -.26 .331 1.000 -1.36 .85 
  8 -.10 .328 1.000 -1.20 .99 
  9 -.39 .313 .991 -1.43 .65 
  10 -.31 .323 .999 -1.38 .77 
  11 -.57 .319 .859 -1.63 .49 
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  12 .81 .315 .325 -.24 1.86 
  13 -1.56 .313 .000 -2.60 -.52 
3 1 .52 .321 .928 -.55 1.59 
  2 .36 .323 .996 -.71 1.44 
  4 -.17 .335 1.000 -1.29 .94 
  5 .20 .335 1.000 -.92 1.32 
  6 .11 .335 1.000 -1.01 1.22 
  7 .11 .335 1.000 -1.01 1.22 
  8 .26 .333 1.000 -.85 1.37 
  9 -.02 .317 1.000 -1.08 1.03 
  10 .06 .328 1.000 -1.03 1.15 
  11 -.21 .323 1.000 -1.28 .87 
  12 1.17 .319 .016 .11 2.24 
  13 -1.20 .317 .011 -2.26 -.14 
4 1 .69 .329 .664 -.41 1.79 
  2 .54 .331 .922 -.57 1.64 
  3 .17 .335 1.000 -.94 1.29 
  5 .38 .343 .997 -.77 1.52 
  6 .28 .343 1.000 -.86 1.42 
  7 .28 .343 1.000 -.86 1.42 
  8 .44 .340 .988 -.70 1.57 
  9 .15 .325 1.000 -.93 1.23 
  10 .23 .335 1.000 -.89 1.35 
  11 -.03 .331 1.000 -1.13 1.07 
  12 1.35 .327 .003 .26 2.44 
  13 -1.03 .325 .084 -2.11 .06 
5 1 .32 .329 .999 -.78 1.41 
  2 .16 .331 1.000 -.94 1.26 
  3 -.20 .335 1.000 -1.32 .92 
  4 -.38 .343 .997 -1.52 .77 
  6 -.09 .343 1.000 -1.24 1.05 
  7 -.09 .343 1.000 -1.24 1.05 
  8 .06 .340 1.000 -1.07 1.19 
  9 -.23 .325 1.000 -1.31 .86 
  10 -.14 .335 1.000 -1.26 .97 
  11 -.41 .331 .992 -1.51 .70 
  12 .97 .327 .134 -.12 2.06 
  13 -1.40 .325 .001 -2.48 -.32 
6 1 .41 .329 .990 -.69 1.51 
  2 .26 .331 1.000 -.85 1.36 
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  3 -.11 .335 1.000 -1.22 1.01 
  4 -.28 .343 1.000 -1.42 .86 
  5 .09 .343 1.000 -1.05 1.24 
  7 .00 .343 1.000 -1.14 1.14 
  8 .15 .340 1.000 -.98 1.29 
  9 -.13 .325 1.000 -1.21 .95 
  10 -.05 .335 1.000 -1.17 1.07 
  11 -.31 .331 .999 -1.41 .79 
  12 1.07 .327 .061 -.02 2.16 
  13 -1.31 .325 .005 -2.39 -.22 
7 1 .41 .329 .990 -.69 1.51 
  2 .26 .331 1.000 -.85 1.36 
  3 -.11 .335 1.000 -1.22 1.01 
  4 -.28 .343 1.000 -1.42 .86 
  5 .09 .343 1.000 -1.05 1.24 
  6 .00 .343 1.000 -1.14 1.14 
  8 .15 .340 1.000 -.98 1.29 
  9 -.13 .325 1.000 -1.21 .95 
  10 -.05 .335 1.000 -1.17 1.07 
  11 -.31 .331 .999 -1.41 .79 
  12 1.07 .327 .061 -.02 2.16 
  13 -1.31 .325 .005 -2.39 -.22 
8 1 .26 .326 1.000 -.83 1.34 
  2 .10 .328 1.000 -.99 1.20 
  3 -.26 .333 1.000 -1.37 .85 
  4 -.44 .340 .988 -1.57 .70 
  5 -.06 .340 1.000 -1.19 1.07 
  6 -.15 .340 1.000 -1.29 .98 
  7 -.15 .340 1.000 -1.29 .98 
  9 -.29 .322 1.000 -1.36 .79 
  10 -.20 .333 1.000 -1.31 .90 
  11 -.47 .328 .971 -1.56 .63 
  12 .91 .324 .198 -.17 1.99 
  13 -1.46 .322 .001 -2.53 -.39 
9 1 .54 .311 .877 -.49 1.58 
  2 .39 .313 .991 -.65 1.43 
  3 .02 .317 1.000 -1.03 1.08 
  4 -.15 .325 1.000 -1.23 .93 
  5 .23 .325 1.000 -.86 1.31 
  6 .13 .325 1.000 -.95 1.21 
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  7 .13 .325 1.000 -.95 1.21 
  8 .29 .322 1.000 -.79 1.36 
  10 .08 .317 1.000 -.98 1.14 
  11 -.18 .313 1.000 -1.22 .86 
  12 1.20 .309 .008 .17 2.23 
  13 -1.18 .307 .009 -2.20 -.15 
10 1 .46 .321 .970 -.61 1.53 
  2 .31 .323 .999 -.77 1.38 
  3 -.06 .328 1.000 -1.15 1.03 
  4 -.23 .335 1.000 -1.35 .89 
  5 .14 .335 1.000 -.97 1.26 
  6 .05 .335 1.000 -1.07 1.17 
  7 .05 .335 1.000 -1.07 1.17 
  8 .20 .333 1.000 -.90 1.31 
  9 -.08 .317 1.000 -1.14 .98 
  11 -.26 .323 1.000 -1.34 .81 
  12 1.12 .319 .029 .05 2.18 
  13 -1.26 .317 .006 -2.31 -.20 
11 1 .72 .317 .535 -.33 1.78 
  2 .57 .319 .859 -.49 1.63 
  3 .21 .323 1.000 -.87 1.28 
  4 .03 .331 1.000 -1.07 1.13 
  5 .41 .331 .992 -.70 1.51 
  6 .31 .331 .999 -.79 1.41 
  7 .31 .331 .999 -.79 1.41 
  8 .47 .328 .971 -.63 1.56 
  9 .18 .313 1.000 -.86 1.22 
  10 .26 .323 1.000 -.81 1.34 
  12 1.38 .315 .001 .33 2.43 
  13 -.99 .313 .078 -2.04 .05 
12 1 -.66 .313 .659 -1.70 .38 
  2 -.81 .315 .325 -1.86 .24 
  3 -1.17 .319 .016 -2.24 -.11 
  4 -1.35 .327 .003 -2.44 -.26 
  5 -.97 .327 .134 -2.06 .12 
  6 -1.07 .327 .061 -2.16 .02 
  7 -1.07 .327 .061 -2.16 .02 
  8 -.91 .324 .198 -1.99 .17 
  9 -1.20 .309 .008 -2.23 -.17 
  10 -1.12 .319 .029 -2.18 -.05 
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  11 -1.38 .315 .001 -2.43 -.33 
  13 -2.37 .309 .000 -3.40 -1.35 
13 1 1.72 .311 .000 .68 2.75 
  2 1.56 .313 .000 .52 2.60 
  3 1.20 .317 .011 .14 2.26 
  4 1.03 .325 .084 -.06 2.11 
  5 1.40 .325 .001 .32 2.48 
  6 1.31 .325 .005 .22 2.39 
  7 1.31 .325 .005 .22 2.39 
  8 1.46 .322 .001 .39 2.53 
  9 1.18 .307 .009 .15 2.20 
  10 1.26 .317 .006 .20 2.31 
  11 .99 .313 .078 -.05 2.04 
  12 2.37 .309 .000 1.35 3.40 
*  The mean difference is significant at the .05 level. 

 
Homogeneous Subsets 

 
 
Tukey HSD 

 N Subset for alpha = .05   
QUESTION  1 2 3 

12 39 2.03   
1 38 2.68 2.68  
2 37 2.84 2.84  
8 33 2.94 2.94  
5 32 3.00 3.00  
6 32 3.09 3.09  
7 32 3.09 3.09  
10 35  3.14  
3 35  3.20  
9 40  3.23  
4 32  3.38 3.38 
11 37  3.41 3.41 
13 40   4.40 
Sig.  .060 .585 .087 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 35.282. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels  are not guaranteed. 
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Appendix I1  ANOVA SPSS® Outputs –  
 

Comparison of Implementation Themes
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 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  24.451 8 3.056 4.709 .000 
Within Groups  233.653 360 .649   

Total 258.104 368    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: SCORE  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) 
SECTION

(J) 
SECTION

   Lower 
Bound 

Upper 
Bound 

1 2 .9699 .17793 .000 .4146 1.5252 
  3 .4695 .17793 .174 -.0858 1.0248 
  4 .6791 .17793 .005 .1238 1.2344 
  5 .4553 .17793 .208 -.1000 1.0106 
  6 .4387 .17793 .252 -.1166 .9940 
  7 .8049 .17793 .000 .2496 1.3602 
  8 .6423 .17793 .010 .0870 1.1976 
  9 .5602 .17793 .046 .0049 1.1155 
2 1 -.9699 .17793 .000 -1.5252 -.4146 
  3 -.5004 .17793 .115 -1.0557 .0549 
  4 -.2908 .17793 .785 -.8461 .2645 
  5 -.5146 .17793 .094 -1.0699 .0407 
  6 -.5312 .17793 .073 -1.0865 .0241 
  7 -.1650 .17793 .991 -.7203 .3903 
  8 -.3276 .17793 .654 -.8829 .2276 
  9 -.4098 .17793 .343 -.9650 .1455 
3 1 -.4695 .17793 .174 -1.0248 .0858 
  2 .5004 .17793 .115 -.0549 1.0557 
  4 .2096 .17793 .961 -.3457 .7649 
  5 -.0142 .17793 1.000 -.5695 .5411 
  6 -.0308 .17793 1.000 -.5861 .5245 
  7 .3354 .17793 .625 -.2199 .8907 
  8 .1728 .17793 .988 -.3825 .7281 
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  9 .0907 .17793 1.000 -.4646 .6459 
4 1 -.6791 .17793 .005 -1.2344 -.1238 
  2 .2908 .17793 .785 -.2645 .8461 
  3 -.2096 .17793 .961 -.7649 .3457 
  5 -.2238 .17793 .943 -.7791 .3315 
  6 -.2404 .17793 .915 -.7957 .3149 
  7 .1258 .17793 .999 -.4295 .6811 
  8 -.0368 .17793 1.000 -.5921 .5185 
  9 -.1189 .17793 .999 -.6742 .4364 
5 1 -.4553 .17793 .208 -1.0106 .1000 
  2 .5146 .17793 .094 -.0407 1.0699 
  3 .0142 .17793 1.000 -.5411 .5695 
  4 .2238 .17793 .943 -.3315 .7791 
  6 -.0166 .17793 1.000 -.5718 .5387 
  7 .3496 .17793 .569 -.2057 .9049 
  8 .1870 .17793 .980 -.3683 .7423 
  9 .1049 .17793 1.000 -.4504 .6602 
6 1 -.4387 .17793 .252 -.9940 .1166 
  2 .5312 .17793 .073 -.0241 1.0865 
  3 .0308 .17793 1.000 -.5245 .5861 
  4 .2404 .17793 .915 -.3149 .7957 
  5 .0166 .17793 1.000 -.5387 .5718 
  7 .3661 .17793 .504 -.1891 .9214 
  8 .2035 .17793 .967 -.3517 .7588 
  9 .1214 .17793 .999 -.4339 .6767 
7 1 -.8049 .17793 .000 -1.3602 -.2496 
  2 .1650 .17793 .991 -.3903 .7203 
  3 -.3354 .17793 .625 -.8907 .2199 
  4 -.1258 .17793 .999 -.6811 .4295 
  5 -.3496 .17793 .569 -.9049 .2057 
  6 -.3661 .17793 .504 -.9214 .1891 
  8 -.1626 .17793 .992 -.7179 .3927 
  9 -.2447 .17793 .907 -.8000 .3106 
8 1 -.6423 .17793 .010 -1.1976 -.0870 
  2 .3276 .17793 .654 -.2276 .8829 
  3 -.1728 .17793 .988 -.7281 .3825 
  4 .0368 .17793 1.000 -.5185 .5921 
  5 -.1870 .17793 .980 -.7423 .3683 
  6 -.2035 .17793 .967 -.7588 .3517 
  7 .1626 .17793 .992 -.3927 .7179 
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  9 -.0821 .17793 1.000 -.6374 .4732 
9 1 -.5602 .17793 .046 -1.1155 -.0049 
  2 .4098 .17793 .343 -.1455 .9650 
  3 -.0907 .17793 1.000 -.6459 .4646 
  4 .1189 .17793 .999 -.4364 .6742 
  5 -.1049 .17793 1.000 -.6602 .4504 
  6 -.1214 .17793 .999 -.6767 .4339 
  7 .2447 .17793 .907 -.3106 .8000 
  8 .0821 .17793 1.000 -.4732 .6374 
*  The mean difference is significant at the .05 level. 

 
 

Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05  

SECTION  1 2 
2 41 2.8512  
7 41 3.0163  
4 41 3.1420  
8 41 3.1789  
9 41 3.2610  
3 41 3.3516 3.3516 
5 41 3.3659 3.3659 
6 41 3.3824 3.3824 
1 41  3.8211 

Sig.  .073 .174 
Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 41.000. 
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Appendix I2  ANOVA SPSS® Outputs –  
 

Management Support



 370 

 ANOVA 
 

  Sum of Squares df Mean Square  F Sig. 
Between Groups  1.821 2 .911 .924 .400 
Within Groups  118.244 120 .985     
Total 120.065 122       

 
 

Post Hoc Tests  
 
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

11 17 -.29 .219 .379 -.81 .23 
  43 -.20 .219 .648 -.72 .33 
17 11 .29 .219 .379 -.23 .81 
  43 .10 .219 .897 -.42 .62 
43 11 .20 .219 .648 -.33 .72 
  17 -.10 .219 .897 -.62 .42 

 
 

Homogeneous Subsets 
 
 

Tukey HSD  
 N Subset for alpha = .05 

QUESTION  1 
11 41 3.66 
43 41 3.85 
17 41 3.95 
Sig.  .379 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 41.000. 
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Appendix I3  ANOVA SPSS® Outputs –  
 

Resource



 372 

 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  44.471 5 8.894 4.574 .001 
Within Groups  445.316 229 1.945   

Total 489.787 234    
 
 

Post Hoc Tests  
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error Sig. 

95% 
Confidence 

Interval 
 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1.1 2.5 .21 .312 .985 -.69 1.11 
  4.5 .00 .310 1.000 -.89 .89 
  4.6 -.28 .312 .949 -1.17 .62 
  5.4 -.53 .316 .549 -1.44 .38 
  8.1 .88 .312 .059 -.02 1.77 
2.5 1.1 -.21 .312 .985 -1.11 .69 
  4.5 -.21 .314 .986 -1.11 .69 
  4.6 -.49 .316 .637 -1.39 .42 
  5.4 -.74 .320 .193 -1.66 .18 
  8.1 .67 .316 .285 -.24 1.57 
4.5 1.1 .00 .310 1.000 -.89 .89 
  2.5 .21 .314 .986 -.69 1.11 
  4.6 -.28 .314 .948 -1.18 .62 
  5.4 -.53 .318 .550 -1.45 .38 
  8.1 .87 .314 .063 -.03 1.78 
4.6 1.1 .28 .312 .949 -.62 1.17 
  2.5 .49 .316 .637 -.42 1.39 
  4.5 .28 .314 .948 -.62 1.18 
  5.4 -.25 .320 .969 -1.17 .67 
  8.1 1.15 .316 .004 .25 2.06 
5.4 1.1 .53 .316 .549 -.38 1.44 
  2.5 .74 .320 .193 -.18 1.66 
  4.5 .53 .318 .550 -.38 1.45 
  4.6 .25 .320 .969 -.67 1.17 
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  8.1 1.41 .320 .000 .49 2.33 
8.1 1.1 -.88 .312 .059 -1.77 .02 
  2.5 -.67 .316 .285 -1.57 .24 
  4.5 -.87 .314 .063 -1.78 .03 
  4.6 -1.15 .316 .004 -2.06 -.25 
  5.4 -1.41 .320 .000 -2.33 -.49 
*  The mean difference is significant at the .05 level. 

 
 

Homogeneous  Subsets 
 

Tukey HSD  
 N Subset for alpha = .05  

QUESTION  1 2 
8.1 39 2.03  
2.5 39 2.69 2.69 
4.5 40 2.90 2.90 
1.1 41 2.90 2.90 
4.6 39  3.18 
5.4 37  3.43 
Sig.  .064 .180 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.129. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I4  ANOVA SPSS® Outputs –  
 

Communication
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 ANOVA 
 

  Sum of Squares df Mean Square  F Sig. 
Between Groups 10.510 4 2.627 2.834 .026 
Within Groups  167.839 181 .927     
Total 178.349 185       

 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) V (J) V    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .25 .220 .784 -.35 .86 
  3.00 -.19 .220 .905 -.80 .41 
  4.00 -.35 .222 .505 -.96 .26 
  5.00 .26 .217 .755 -.34 .86 
2.00 1.00 -.25 .220 .784 -.86 .35 
  3.00 -.44 .227 .291 -1.07 .18 
  4.00 -.60 .229 .067 -1.23 .03 
  5.00 .01 .224 1.000 -.61 .62 
3.00 1.00 .19 .220 .905 -.41 .80 
  2.00 .44 .227 .291 -.18 1.07 
  4.00 -.16 .229 .957 -.79 .47 
  5.00 .45 .224 .262 -.17 1.07 
4.00 1.00 .35 .222 .505 -.26 .96 
  2.00 .60 .229 .067 -.03 1.23 
  3.00 .16 .229 .957 -.47 .79 
  5.00 .61 .226 .056 -.01 1.23 
5.00 1.00 -.26 .217 .755 -.86 .34 
  2.00 -.01 .224 1.000 -.62 .61 
  3.00 -.45 .224 .262 -1.07 .17 
  4.00 -.61 .226 .056 -1.23 .01 
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Homogeneous Subsets 
 
 

Tukey HSD  
 N Subset for alpha = .05 

Question  1 
5.00 38 3.13 
2.00 36 3.14 
1.00 41 3.39 
3.00 36 3.58 
4.00 35 3.74 
Sig.  .053 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 37.083. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I5  ANOVA SPSS® Outputs –  
 

Continuous Improvement



 378 

 ANOVA 
 

  Sum of Squares df Mean Square  F Sig. 
Between Groups  11.090 6 1.848 1.859 .088 
Within Groups  255.577 257 .994     
Total 266.667 263       

 
 

Post Hoc Tests  
Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error Sig. 

95% 
Confidence 

Interval 
 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1.00 2.00 -.37 .229 .676 -1.05 .31 
  3.00 -.74 .229 .024 -1.42 -.06 
  4.00 -.23 .226 .945 -.91 .44 
  5.00 -.38 .234 .654 -1.08 .31 
  6.00 -.41 .226 .542 -1.08 .26 
  7.00 -.33 .234 .802 -1.02 .37 
2.00 1.00 .37 .229 .676 -.31 1.05 
  3.00 -.37 .229 .676 -1.05 .31 
  4.00 .13 .226 .997 -.54 .81 
  5.00 -.02 .234 1.000 -.71 .68 
  6.00 -.04 .226 1.000 -.71 .63 
  7.00 .04 .234 1.000 -.65 .74 
3.00 1.00 .74 .229 .024 .06 1.42 
  2.00 .37 .229 .676 -.31 1.05 
  4.00 .50 .226 .286 -.17 1.17 
  5.00 .35 .234 .739 -.34 1.05 
  6.00 .33 .226 .774 -.34 1.00 
  7.00 .41 .234 .580 -.28 1.10 
4.00 1.00 .23 .226 .945 -.44 .91 
  2.00 -.13 .226 .997 -.81 .54 
  3.00 -.50 .226 .286 -1.17 .17 
  5.00 -.15 .231 .995 -.84 .54 
  6.00 -.18 .223 .986 -.84 .49 
  7.00 -.09 .231 1.000 -.78 .59 
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5.00 1.00 .38 .234 .654 -.31 1.08 
  2.00 .02 .234 1.000 -.68 .71 
  3.00 -.35 .234 .739 -1.05 .34 
  4.00 .15 .231 .995 -.54 .84 
  6.00 -.02 .231 1.000 -.71 .66 
  7.00 .06 .238 1.000 -.65 .77 
6.00 1.00 .41 .226 .542 -.26 1.08 
  2.00 .04 .226 1.000 -.63 .71 
  3.00 -.33 .226 .774 -1.00 .34 
  4.00 .18 .223 .986 -.49 .84 
  5.00 .02 .231 1.000 -.66 .71 
  7.00 .08 .231 1.000 -.60 .77 
7.00 1.00 .33 .234 .802 -.37 1.02 
  2.00 -.04 .234 1.000 -.74 .65 
  3.00 -.41 .234 .580 -1.10 .28 
  4.00 .09 .231 1.000 -.59 .78 
  5.00 -.06 .238 1.000 -.77 .65 
  6.00 -.08 .231 1.000 -.77 .60 
*  The mean difference is significant at the .05 level. 
 

 
 

Homogeneous Subsets 
Tukey HSD  

 N Subset for alpha = .05  
Question  1 2 

1.00 38 2.82  
4.00 40 3.05 3.05 
7.00 35 3.14 3.14 
2.00 38 3.18 3.18 
5.00 35 3.20 3.20 
6.00 40 3.23 3.23 
3.00 38  3.55 
Sig.  .563 .307 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 37.616. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I6  ANOVA SPSS® Outputs –  
 

Integration



 381 

 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  28.207 6 4.701 3.909 .001 
Within Groups  327.148 272 1.203   

Total 355.355 278    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: 1-4  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .54 .242 .291 -.18 1.26 
  3.00 .88 .242 .006 .16 1.60 
  4.00 -.12 .245 .999 -.85 .61 
  5.00 .52 .250 .369 -.22 1.26 
  6.00 .41 .242 .609 -.30 1.13 
  7.00 .50 .244 .376 -.22 1.23 
2.00 1.00 -.54 .242 .291 -1.26 .18 
  3.00 .34 .242 .796 -.38 1.06 
  4.00 -.66 .245 .107 -1.39 .07 
  5.00 -.02 .250 1.000 -.76 .73 
  6.00 -.12 .242 .999 -.84 .60 
  7.00 -.03 .244 1.000 -.76 .69 
3.00 1.00 -.88 .242 .006 -1.60 -.16 
  2.00 -.34 .242 .796 -1.06 .38 
  4.00 -1.00 .245 .001 -1.73 -.27 
  5.00 -.36 .250 .786 -1.10 .39 
  6.00 -.46 .242 .473 -1.18 .26 
  7.00 -.37 .244 .723 -1.10 .35 
4.00 1.00 .12 .245 .999 -.61 .85 
  2.00 .66 .245 .107 -.07 1.39 
  3.00 1.00 .245 .001 .27 1.73 
  5.00 .64 .253 .153 -.11 1.39 
  6.00 .54 .245 .309 -.19 1.26 
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  7.00 .62 .247 .153 -.11 1.36 
5.00 1.00 -.52 .250 .369 -1.26 .22 
  2.00 .02 .250 1.000 -.73 .76 
  3.00 .36 .250 .786 -.39 1.10 
  4.00 -.64 .253 .153 -1.39 .11 
  6.00 -.11 .250 1.000 -.85 .64 
  7.00 -.02 .252 1.000 -.77 .73 
6.00 1.00 -.41 .242 .609 -1.13 .30 
  2.00 .12 .242 .999 -.60 .84 
  3.00 .46 .242 .473 -.26 1.18 
  4.00 -.54 .245 .309 -1.26 .19 
  5.00 .11 .250 1.000 -.64 .85 
  7.00 .09 .244 1.000 -.63 .81 
7.00 1.00 -.50 .244 .376 -1.23 .22 
  2.00 .03 .244 1.000 -.69 .76 
  3.00 .37 .244 .723 -.35 1.10 
  4.00 -.62 .247 .153 -1.36 .11 
  5.00 .02 .252 1.000 -.73 .77 
  6.00 -.09 .244 1.000 -.81 .63 
*  The mean difference is significant at the .05 level. 

 
 

Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05  

Question  1 2 
3.00 41 2.98  
2.00 41 3.32 3.32 
5.00 36 3.33 3.33 
7.00 40 3.35 3.35 
6.00 41 3.44 3.44 
1.00 41  3.85 
4.00 39  3.97 
Sig.  .492 .109 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.777. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I7  ANOVA SPSS® Outputs –  
 

Culture



 384 

 ANOVA 
  

 Sum of Squares df Mean Square  F Sig. 
Between Groups  15.368 5 3.074 3.323 .006 
Within Groups  214.599 232 .925   

Total 229.966 237    
 
 

Post Hoc Tests 
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .24 .212 .861 -.37 .85 
  3.00 .27 .212 .805 -.34 .88 
  4.00 .49 .212 .200 -.12 1.10 
  5.00 .82 .218 .003 .19 1.44 
  6.00 .19 .218 .948 -.43 .82 
2.00 1.00 -.24 .212 .861 -.85 .37 
  3.00 .02 .212 1.000 -.59 .63 
  4.00 .24 .212 .861 -.37 .85 
  5.00 .57 .218 .096 -.05 1.20 
  6.00 -.05 .218 1.000 -.68 .58 
3.00 1.00 -.27 .212 .805 -.88 .34 
  2.00 -.02 .212 1.000 -.63 .59 
  4.00 .22 .212 .906 -.39 .83 
  5.00 .55 .218 .125 -.08 1.17 
  6.00 -.07 .218 .999 -.70 .55 
4.00 1.00 -.49 .212 .200 -1.10 .12 
  2.00 -.24 .212 .861 -.85 .37 
  3.00 -.22 .212 .906 -.83 .39 
  5.00 .33 .218 .661 -.30 .95 
  6.00 -.29 .218 .759 -.92 .33 
5.00 1.00 -.82 .218 .003 -1.44 -.19 
  2.00 -.57 .218 .096 -1.20 .05 
  3.00 -.55 .218 .125 -1.17 .08 
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  4.00 -.33 .218 .661 -.95 .30 
  6.00 -.62 .224 .064 -1.26 .02 
6.00 1.00 -.19 .218 .948 -.82 .43 
  2.00 .05 .218 1.000 -.58 .68 
  3.00 .07 .218 .999 -.55 .70 
  4.00 .29 .218 .759 -.33 .92 
  5.00 .62 .224 .064 -.02 1.26 
*  The mean difference is significant at the .05 level. 

 
 

Homogeneous Subsets 
 

Tukey HSD  

 N Subset for alpha = .05  
Question  1 2 

5.00 37 3.14  
4.00 41 3.46 3.46 
3.00 41 3.68 3.68 
2.00 41 3.71 3.71 
6.00 37  3.76 
1.00 41  3.95 
Sig.  .090 .217 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.574. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I8  ANOVA SPSS® Outputs –  
 

Documentation



 387 

 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  9.773 3 3.258 2.923 .036 
Within Groups  173.827 156 1.114   

Total 183.600 159    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) Q (J) Q    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .68 .236 .024 .06 1.29 
  3.00 .19 .235 .846 -.42 .80 
  4.00 .22 .235 .791 -.39 .83 
2.00 1.00 -.68 .236 .024 -1.29 -.06 
  3.00 -.48 .238 .179 -1.10 .13 
  4.00 -.46 .238 .219 -1.08 .16 
3.00 1.00 -.19 .235 .846 -.80 .42 
  2.00 .48 .238 .179 -.13 1.10 
  4.00 .02 .236 1.000 -.59 .64 
4.00 1.00 -.22 .235 .791 -.83 .39 
  2.00 .46 .238 .219 -.16 1.08 
  3.00 -.02 .236 1.000 -.64 .59 
*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05  

Questoin  1 2 
2.00 39 2.64  
4.00 40 3.10 3.10 
3.00 40 3.13 3.13 
1.00 41  3.32 
Sig.  .174 .794 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.987. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 
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Appendix I9  ANOVA SPSS® Outputs –  
 

Research Accessibility
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 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  13.325 2 6.662 5.715 .004 
Within Groups  134.074 115 1.166   

Total 147.398 117    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) V (J) V    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .37 .240 .280 -.20 .94 
 3.00 -.46 .245 .145 -1.05 .12 

2.00 1.00 -.37 .240 .280 -.94 .20 
 3.00 -.83 .246 .003 -1.42 -.25 

3.00 1.00 .46 .245 .145 -.12 1.05 
 2.00 .83 .246 .003 .25 1.42 

*  The mean difference is significant at the .05 level. 
 

 
Homogeneous Subsets 

 
Tukey HSD  

 N Subset for alpha = .05  
Question  1 2 

2.00 40 2.93  
1.00 41 3.29 3.29 
3.00 37  3.76 
Sig.  .291 .142 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 39.258. 
b  The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 



 391 

Appendix I10  ANOVA SPSS® Outputs –  
 

Process



 392 

ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  36.060 9 4.007 3.427 .000 
Within Groups  458.251 392 1.169   

Total 494.311 401    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: ANSWER  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) V (J) V    Lower 
Bound 

Upper 
Bound 

1.00 2.00 .54 .239 .426 -.22 1.30 
 3.00 .63 .239 .196 -.13 1.39 
 4.00 1.10 .239 .000 .34 1.86 
 5.00 .88 .239 .010 .12 1.64 
 6.00 .41 .239 .774 -.35 1.17 
 7.00 .26 .242 .985 -.51 1.03 
 8.00 .29 .245 .977 -.49 1.07 
 9.00 .50 .240 .531 -.26 1.27 
 10.00 .63 .240 .213 -.14 1.39 

2.00 1.00 -.54 .239 .426 -1.30 .22 
 3.00 .10 .239 1.000 -.66 .86 
 4.00 .56 .239 .360 -.20 1.32 
 5.00 .34 .239 .917 -.42 1.10 
 6.00 -.12 .239 1.000 -.88 .64 
 7.00 -.27 .242 .982 -1.04 .50 
 8.00 -.25 .245 .991 -1.03 .53 
 9.00 -.03 .240 1.000 -.80 .73 
 10.00 .09 .240 1.000 -.67 .86 

3.00 1.00 -.63 .239 .196 -1.39 .13 
 2.00 -.10 .239 1.000 -.86 .66 
 4.00 .46 .239 .641 -.30 1.22 
 5.00 .24 .239 .991 -.52 1.00 
 6.00 -.22 .239 .996 -.98 .54 
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 7.00 -.37 .242 .879 -1.14 .40 
 8.00 -.35 .245 .921 -1.13 .43 
 9.00 -.13 .240 1.000 -.90 .63 
 10.00 -.01 .240 1.000 -.77 .76 

4.00 1.00 -1.10 .239 .000 -1.86 -.34 
 2.00 -.56 .239 .360 -1.32 .20 
 3.00 -.46 .239 .641 -1.22 .30 
 5.00 -.22 .239 .996 -.98 .54 
 6.00 -.68 .239 .121 -1.44 .08 
 7.00 -.83 .242 .022 -1.60 -.06 
 8.00 -.81 .245 .034 -1.59 -.03 
 9.00 -.59 .240 .287 -1.36 .17 
 10.00 -.47 .240 .634 -1.23 .30 

5.00 1.00 -.88 .239 .010 -1.64 -.12 
 2.00 -.34 .239 .917 -1.10 .42 
 3.00 -.24 .239 .991 -1.00 .52 
 4.00 .22 .239 .996 -.54 .98 
 6.00 -.46 .239 .641 -1.22 .30 
 7.00 -.61 .242 .251 -1.38 .16 
 8.00 -.59 .245 .320 -1.37 .19 
 9.00 -.37 .240 .867 -1.14 .39 
 10.00 -.25 .240 .990 -1.01 .52 

6.00 1.00 -.41 .239 .774 -1.17 .35 
 2.00 .12 .239 1.000 -.64 .88 
 3.00 .22 .239 .996 -.54 .98 
 4.00 .68 .239 .121 -.08 1.44 
 5.00 .46 .239 .641 -.30 1.22 
 7.00 -.15 .242 1.000 -.92 .62 
 8.00 -.13 .245 1.000 -.91 .65 
 9.00 .09 .240 1.000 -.68 .85 
 10.00 .21 .240 .997 -.55 .98 

7.00 1.00 -.26 .242 .985 -1.03 .51 
 2.00 .27 .242 .982 -.50 1.04 
 3.00 .37 .242 .879 -.40 1.14 
 4.00 .83 .242 .022 .06 1.60 
 5.00 .61 .242 .251 -.16 1.38 
 6.00 .15 .242 1.000 -.62 .92 
 8.00 .02 .248 1.000 -.77 .81 
 9.00 .24 .243 .993 -.53 1.01 
 10.00 .36 .243 .892 -.41 1.14 
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8.00 1.00 -.29 .245 .977 -1.07 .49 
 2.00 .25 .245 .991 -.53 1.03 
 3.00 .35 .245 .921 -.43 1.13 
 4.00 .81 .245 .034 .03 1.59 
 5.00 .59 .245 .320 -.19 1.37 
 6.00 .13 .245 1.000 -.65 .91 
 7.00 -.02 .248 1.000 -.81 .77 
 9.00 .22 .247 .997 -.57 1.00 
 10.00 .34 .247 .930 -.44 1.13 

9.00 1.00 -.50 .240 .531 -1.27 .26 
 2.00 .03 .240 1.000 -.73 .80 
 3.00 .13 .240 1.000 -.63 .90 
 4.00 .59 .240 .287 -.17 1.36 
 5.00 .37 .240 .867 -.39 1.14 
 6.00 -.09 .240 1.000 -.85 .68 
 7.00 -.24 .243 .993 -1.01 .53 
 8.00 -.22 .247 .997 -1.00 .57 
 10.00 .13 .242 1.000 -.64 .89 

10.00 1.00 -.63 .240 .213 -1.39 .14 
 2.00 -.09 .240 1.000 -.86 .67 
 3.00 .01 .240 1.000 -.76 .77 
 4.00 .47 .240 .634 -.30 1.23 
 5.00 .25 .240 .990 -.52 1.01 
 6.00 -.21 .240 .997 -.98 .55 
 7.00 -.36 .243 .892 -1.14 .41 
 8.00 -.34 .247 .930 -1.13 .44 
 9.00 -.13 .242 1.000 -.89 .64 

*  The mean difference is significant at the .05 level. 
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Homogeneous Subsets 
 

Tukey HSD  
 N Subset for alpha = .05   

Question  1 2 3 
4.00 41 2.76   
5.00 41 2.98 2.98  
3.00 41 3.22 3.22 3.22 
10.00 40 3.23 3.23 3.23 
2.00 41 3.32 3.32 3.32 
9.00 40 3.35 3.35 3.35 
6.00 41 3.44 3.44 3.44 
8.00 37  3.57 3.57 
7.00 39  3.59 3.59 
1.00 41   3.85 
Sig.  .130 .248 .208 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 40.159. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 

Type I error levels are not guaranteed. 
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Appendix J  ANOVA SPSS® Outputs –  
 

Comparison of CII Best Practices in Degree of Implementation 
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 ANOVA 
 

 Sum of Squares df Mean Square  F Sig. 
Between Groups  23842.550 10 2384.255 6.609 .000 
Within Groups 77197.912 214 360.738   

Total 101040.462 224    
 
 

Post Hoc Tests  
 

Multiple Comparisons 
Dependent Variable: INDEX  
Tukey HSD  

  
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 
95% 

Confidence 
Interval 

 

(I) 
GROUP 

(J) 
GROUP 

   Lower 
Bound 

Upper 
Bound 

1 2 19.27 5.382 .018 1.76 36.79 
 3 6.20 4.981 .977 -10.01 22.40 
 4 19.19 6.403 .102 -1.64 40.02 
 5 -2.18 6.613 1.000 -23.70 19.33 
 6 19.65 5.095 .007 3.07 36.23 
 7 13.15 5.095 .266 -3.43 29.73 
 8 5.17 5.382 .997 -12.34 22.69 
 9 .14 5.159 1.000 -16.64 16.93 
 10 8.61 8.429 .995 -18.82 36.03 
 11 -13.38 4.981 .213 -29.59 2.83 
2 1 -19.27 5.382 .018 -36.79 -1.76 
 3 -13.08 5.649 .428 -31.46 5.30 
 4 -.08 6.935 1.000 -22.65 22.48 
 5 -21.45 7.130 .099 -44.65 1.74 
 6 .38 5.750 1.000 -18.34 19.09 
 7 -6.13 5.750 .993 -24.84 12.59 
 8 -14.10 6.006 .406 -33.64 5.44 
 9 -19.13 5.807 .044 -38.03 -.23 
 10 -10.67 8.841 .981 -39.43 18.10 
 11 -32.65 5.649 .000 -51.04 -14.27 
3 1 -6.20 4.981 .977 -22.40 10.01 
 2 13.08 5.649 .428 -5.30 31.46 
 4 12.99 6.628 .676 -8.57 34.56 



 398 

 5 -8.38 6.831 .979 -30.61 13.85 
 6 13.45 5.376 .309 -4.04 30.95 
 7 6.95 5.376 .969 -10.54 24.45 
 8 -1.02 5.649 1.000 -19.40 17.36 
 9 -6.05 5.437 .990 -23.74 11.64 
 10 2.41 8.602 1.000 -25.58 30.40 
 11 -19.58 5.268 .011 -36.72 -2.44 
4 1 -19.19 6.403 .102 -40.02 1.64 
 2 .08 6.935 1.000 -22.48 22.65 
 3 -12.99 6.628 .676 -34.56 8.57 
 5 -21.37 7.928 .209 -47.17 4.43 
 6 .46 6.715 1.000 -21.39 22.31 
 7 -6.04 6.715 .998 -27.89 15.81 
 8 -14.02 6.935 .634 -36.58 8.55 
 9 -19.05 6.764 .159 -41.06 2.96 
 10 -10.58 9.497 .990 -41.48 20.32 
 11 -32.57 6.628 .000 -54.14 -11.00 
5 1 2.18 6.613 1.000 -19.33 23.70 
 2 21.45 7.130 .099 -1.74 44.65 
 3 8.38 6.831 .979 -13.85 30.61 
 4 21.37 7.928 .209 -4.43 47.17 
 6 21.83 6.916 .066 -.67 44.33 
 7 15.33 6.916 .496 -7.17 37.83 
 8 7.35 7.130 .994 -15.84 30.55 
 9 2.32 6.963 1.000 -20.33 24.98 
 10 10.79 9.639 .989 -20.58 42.15 
 11 -11.20 6.831 .864 -33.43 11.03 
6 1 -19.65 5.095 .007 -36.23 -3.07 
 2 -.38 5.750 1.000 -19.09 18.34 
 3 -13.45 5.376 .309 -30.95 4.04 
 4 -.46 6.715 1.000 -22.31 21.39 
 5 -21.83 6.916 .066 -44.33 .67 
 7 -6.50 5.483 .983 -24.34 11.34 
 8 -14.47 5.750 .301 -33.19 4.24 
 9 -19.51 5.542 .022 -37.54 -1.47 
 10 -11.04 8.669 .972 -39.25 17.17 
 11 -33.03 5.376 .000 -50.52 -15.53 
7 1 -13.15 5.095 .266 -29.73 3.43 
 2 6.13 5.750 .993 -12.59 24.84 
 3 -6.95 5.376 .969 -24.45 10.54 
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 4 6.04 6.715 .998 -15.81 27.89 
 5 -15.33 6.916 .496 -37.83 7.17 
 6 6.50 5.483 .983 -11.34 24.34 
 8 -7.97 5.750 .950 -26.69 10.74 
 9 -13.01 5.542 .406 -31.04 5.03 
 10 -4.54 8.669 1.000 -32.75 23.67 
 11 -26.53 5.376 .000 -44.02 -9.03 
8 1 -5.17 5.382 .997 -22.69 12.34 
 2 14.10 6.006 .406 -5.44 33.64 
 3 1.02 5.649 1.000 -17.36 19.40 
 4 14.02 6.935 .634 -8.55 36.58 
 5 -7.35 7.130 .994 -30.55 15.84 
 6 14.47 5.750 .301 -4.24 33.19 
 7 7.97 5.750 .950 -10.74 26.69 
 9 -5.03 5.807 .999 -23.93 13.87 
 10 3.43 8.841 1.000 -25.33 32.20 
 11 -18.55 5.649 .046 -36.94 -.17 
9 1 -.14 5.159 1.000 -16.93 16.64 
 2 19.13 5.807 .044 .23 38.03 
 3 6.05 5.437 .990 -11.64 23.74 
 4 19.05 6.764 .159 -2.96 41.06 
 5 -2.32 6.963 1.000 -24.98 20.33 
 6 19.51 5.542 .022 1.47 37.54 
 7 13.01 5.542 .406 -5.03 31.04 
 8 5.03 5.807 .999 -13.87 23.93 
 10 8.46 8.707 .997 -19.87 36.79 
 11 -13.52 5.437 .318 -31.21 4.17 

10 1 -8.61 8.429 .995 -36.03 18.82 
 2 10.67 8.841 .981 -18.10 39.43 
 3 -2.41 8.602 1.000 -30.40 25.58 
 4 10.58 9.497 .990 -20.32 41.48 
 5 -10.79 9.639 .989 -42.15 20.58 
 6 11.04 8.669 .972 -17.17 39.25 
 7 4.54 8.669 1.000 -23.67 32.75 
 8 -3.43 8.841 1.000 -32.20 25.33 
 9 -8.46 8.707 .997 -36.79 19.87 
 11 -21.99 8.602 .279 -49.98 6.00 

11 1 13.38 4.981 .213 -2.83 29.59 
 2 32.65 5.649 .000 14.27 51.04 
 3 19.58 5.268 .011 2.44 36.72 
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 4 32.57 6.628 .000 11.00 54.14 
 5 11.20 6.831 .864 -11.03 33.43 
 6 33.03 5.376 .000 15.53 50.52 
 7 26.53 5.376 .000 9.03 44.02 
 8 18.55 5.649 .046 .17 36.94 
 9 13.52 5.437 .318 -4.17 31.21 
 10 21.99 8.602 .279 -6.00 49.98 

*  The mean difference is significant at the .05 level. 
 

 
Homogeneous Subsets 

 
Tukey HSD  

 N Subset for alpha = .05   
GROUP  1 2 3 

6 24 52.63   
2 20 53.00 53.00  
4 12 53.08 53.08  
7 24 59.13 59.13  
10 6 63.67 63.67  
3 26 66.08 66.08 66.08 
8 20 67.10 67.10 67.10 
9 23 72.13 72.13 72.13 
1 33 72.27 72.27 72.27 
5 11  74.45 74.45 
11 26   85.65 
Sig.  .114 .054 .117 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 16.298. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
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