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Editor’s Introduction

Editor’s Introduction

This issue marks the sixteenth year of operation of MIS Review. The journal will 
be listed in the next edition of Cabell’s Directory in May 2010. As stated on the Cabell’s 
web site (see http://www.cabells.com/), Cabell’s Directory of Publishing Opportunities 
provides such information as valuable contact information, review process data, 
manuscript specifications and guidelines, and publication information for each journal. 
If you are interested in submitting journal papers, please check our website http://www.
icebnet.org/misr/ or contact us for detailed submission information. We sincerely welcome 
your contribution and support. 

In this MISR issue we are proud to present four research papers. The summaries of 
the four papers are as follows. Russell Mariott and Mahesh S. Raisinghani in their paper 
“Perceptions of Information Privacy in Outsourcing among Healthcare Executives: An 
Empirical Analysis” provides an in-depth discussion of the various issues, incidents, and 
next/best-practice models regarding privacy in the outsourcing of services requiring the 
usage of Protected Health Information (PHI). A survey of 33 hospital executives within 
the United States at the Vice-President level and above was conducted.  These executives 
were asked to relate their individual attitudes and perceptions of privacy in outsourcing to 
the actual policies and practices of their organizations. Responses indicate that a link exists 
between the perceptions of hospital executives and the hospital’s policies and procedures. 
The study extends a number of best practice models and reveals a need for executives to 
stay informed regarding potential issues in choosing outsourcing partners.

Faith-Michael E. Uzoka in his paper “A CMM Assessment of Information 
Systems Maturity Levels in Botswana” examines the maturity levels of IS in corporate 
organizations in a developing country, using the capability maturity model (CMM). The 
results show that most parastatal and large organizations reside in the high echelon of IS 
maturity, while public and small organizations are still in the lower levels of maturity. 
Majority of the organizations do not utilize the CMM practices mainly due to lack of 
such knowledge. The study shows that the effectiveness and control of an organization’s 
software processes and services improve as organizations having moved up to the higher 
maturity levels.

Jyun-Cheng Wang, Chui-Chen Chiu, and Ching-Hui Chang in their paper “The 
Analysis of MIS Collaboration Research Networks and Research Issues Structure -- The 
Example of MIS Quarterly Journal” collect sampled data such as names of the authors 
and keywords from MISQ, one of the most prestigious journals in MIS research field, 
from 1977 to 2007. They apply social network analysis to mapping out the journal 
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authors’ collaboration network over time and classifying each article through its keyword-
hierarchical structure. This paper provides a new way to visualize and understand the 
development of various MIS subjects, and exemplifies the development of research 
communities and referenced domains.

Yee-Ming Chen and Cheng-Wei Wei in their paper “Using Multiagent Based on 
Fuzzy Reasoning Approach to Solve Project Team Work Allocation Problems” proposes 
an Agent-based Project Management System (AbPMS) to simulate interaction among 
team members and with those tasks being involved in a project. The system is based 
on the software BDI (Belief, Desire, and Intention). Agents are used to simulate social 
human behavior at work, where human characteristics are represented by a set of fuzzy 
values. Further, they model by applying fuzzy rules the interaction among agents relating 
to performances of a work team. This paper presents the analysis of a sample case 
by deploying techniques found in AbPMS for critical issues involving configuration, 
initialization, and human resource management. It uses AbPMS platform to perform 
scenarios of stimulus/response agents solving specific problems, such as project durations, 
task quality and adaptive allocation, in the projects under a state of urgency.

We would like to thank all the authors and reviewers for their collaborative efforts to 
make this issue possible. We hope this new bilingual format of the journal would open an 
attractive knowledge exchange platform for both Chinese and non-Chinese authors. Please 
render us your continuous support and submit your papers to MISR. Finally, to our loyal 
readers around the world, we hope you find the contents of the papers useful to your work 
or research. 

Dr. Eldon Y. Li
Editor-in-Chief and University Chair Professor

Dr. Sean T.H. Lee
Managing Editor and Associate Professor

Department of Management Information Systems
College of Commerce
National Chengchi University
Taipei, Taiwan
Fall 2010
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Perceptions of Information Privacy in Outsourcing 
among Healthcare Executives: An Empirical Analysis

Russell Mariott1, Mahesh S. Raisinghani2

1 Marketing and Business Development, Denton Regional Medical Center in Denton
2 Executive MBA program, TWU School of Management

ABSTRACT: This study provides an in-depth discussion of the various issues, incidents, and 
next/best-practice models regarding privacy in the outsourcing of services requiring 
the usage of Protected Health Information (PHI).  In addition, a survey of 33 
hospital executives within the United States at the Vice-President level and above 
was conducted, relating their individual attitudes and perceptions of privacy in 
outsourcing to the actual policies and practices of their organization.  Convenience 
sampling was utilized to identify respondents, who were referred to an electronic 
version of a 23 question survey.  Responses indicate that a link exists between the 
perceptions of hospital executives and the hospital’s policies and procedures.  The 
study also reinforces a number of best practice models and implies a need for 
executives to stay informed regarding potential issues in choosing outsourcing 
partners.

KEYWORDS: Healthcare, Offshore Outsourcing, Information Privacy, Health Insurance 
Portability and Accountability Act (HIPAA), Protected Health Information (PHI).

1. Introduction

As in other industries, outsourcing has become a powerful tool for many healthcare 
executives looking to reduce costs or address a myriad of organizational pressures 
(Davino, 2004).  However, the dynamic nature of this industry and the highly sensitive 
nature of personal health information create a number of issues that should be considered 
prior to engaging in outsourcing activities.  To better understand these issues, background 
information will be provided regarding the nature of outsourcing in the healthcare 
industry.

1.1 What is outsourcing?

Outsourcing, the contracting of traditionally internally provided goods and services 
to outside third party contractors, has quickly become a $4 trillion-a-year business.  
Healthcare providers, along with many businesses, have utilized outsourcing to reduce 
their bottom line and address a number of operational issues within their organizations.  
Initially, outsourcing was only utilized to provide noncore hospital services such as food 
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services, housekeeping, and security.  These functions have expanded, however, to include 
core service areas such as top executive positions, clinical areas (e.g. nurse and physician 
staffing), medical transcription, and a number of business functions, including coding 
and billing.  Degrees of outsourcing may vary, from contracting a single function such as 
medical transcription, to outsourcing whole hospital divisions, such as human resources 
(Hazelwood, Hazelwood and Cook, 2005).

1.2 Why do healthcare providers outsource?

While there are a number of different reasons why managers may choose to 
outsource a particular business function, the decision almost always comes back to the 
question of cost reduction.  In the healthcare industry, human capital accounts for one of 
the largest operating expenses.  The cost of recruiting, training, and retaining qualified 
employees is often a very expensive and time consuming task.  Transferring some of 
these functions off-site may enable the healthcare provider to eliminate some of the costs 
associated with supporting a full-time staff, including the reduction of physical space 
requirements and expenses (Forsman, 2003).  This has become especially important 
considering the limited labor market for some professions that are typically candidates for 
outsourcing, such as medical transcription.  Further justification is offered due to the fact 
that many outsourcing firms are also specialists in their given field and may be able to 
offer more reliable and efficient services at a lower price than is possible with an in-house 
operation. 

Outsourcing certain functions can also help in-house staff concentrate on core-
competencies important to the healthcare provider, such as providing quality healthcare.  
Easing heavy or irregular workloads (Hazelwood et al., 2005), providing predictable 
annual costs, and decreasing internal management’s responsibilities allow hospital 
employees to concentrate on providing for their patients (Forsman, 2003).

1.3 Are benefits really benefits?

Despite the apparent benefits of outsourcing, many still argue that it is not a cure-
all and might actually end up costing the hospital more than doing the job themselves.  
Executives may be lured in by the promise of a quick fix and reassured by the low costs 
that outsourcing offers, especially if it is done overseas where labor is cheap.  This low 
price, however, may conceal a number of hidden costs that could make outsourcing just as 
expensive as providing the service in-house (Rhodes, Dennis, and Roach, 2004).  In their 
article about outsourcing medical transcription, Rhodes et al. (2004) state that “When you 
consider the investment in technology, the cost of telephone and internet communications, 
staff training, management staff, travel, and proofreading costs, it is probably not less 
expensive to outsource medical transcription overseas.”  Providers that seek outsourcing 
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partners solely on the basis of cost may in turn threaten quality.  Correcting mistakes 
and verifying the quality of the service/product provided creates an additional burden 
on the provider’s staff, which may indirectly increase costs associated with outsourcing 
(Forsman, 2003).  Other inefficiencies that may have similar effects on the actual costs of 
outsourcing include reduced provider control over information and increased turnaround 
times (Forsman, 2003).  In addition to this, outsourcing firms add a profit margin to their 
fees to earn a profit off of the services they provide. 

1.4 Privacy in outsourcing and the law

One of the most important ethical concerns regarding outsourcing is the privacy 
of patient health information.  There are a large number of rules and regulations that 
apply to healthcare providers that outsource services.  These laws, however, are far from 
conclusive, so it is important to be informed about their stipulations, how they are able to 
protect patient health information, and also what limitations might exist.

The most notable U.S. law regarding privacy in the health industry is the Health 
Insurance Portability and Accountability Act (HIPAA) of 1996.  This act was put into 
place to help “improve the productivity of the American healthcare system and to provide 
federal regulations for the security and confidentiality of health information (Hazelwood 
et al., 2005).”  While these laws only directly apply to healthcare providers, payers, and 
clearinghouses, HIPAA does require that these entities undergo certain actions when 
entrusting their health information to outside parties (Davino, 2004).  As mentioned by 
Davino (2004), HIPAA requires that business associates who have access to protected 
health information maintain the information’s confidentiality.  Certain provisions must be 
included in contracts with business associates that have access to medical information, 
such as specifications for the permitted uses and disclosures of information by the business 
associate.  Appropriate safeguards, such as guidelines for the release of information 
to subcontractors, provisions for contract termination (Davino, 2004), and a means to 
comply with current and prospective legislation that deals with notifying individuals about 
possible breaches of privacy, should also be included.  These obligations are the same 
whether the business associate is a foreign or domestic entity (Rhodes et al., 2004), even 
though the ability to enforce the contract in a foreign country may create complications.

It is also important to take international legislation regarding privacy into 
account when dealing with foreign companies.  Policies such as the European Union 
Data Protection Directive may limit the transfer of personally identifying information 
outside certain economic areas.  Other emerging legislation, such as India’s Information 
Technology Act, may also bring the privacy policies of lesser developed nations into line 
with their foreign outsourcing clients.  Many of these policies, however, have not been 
fully implemented.  In the interim,  Rhodes et al. (2004) suggest that “US healthcare 
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organizations wishing to outsource functions to India that involve individually identifiable 
health information should be blending their security and privacy requirements into their 
outsourcing contracts and business associate agreements.” 

1.5 Incidents and legislation

While privacy has long been a concern in the healthcare industry, its importance 
in the outsourcing of patient information was brought into the public eye after a 2003 
incident with the University of California at San Francisco Medical Center (UCSF) and a 
Pakistani subcontractor, Lubna Baloch.  This incident occurred when a UCSF contractor 
subcontracted a portion of its medical transcription caseload, after which a chain of 
subcontracting ended with the information going overseas to Ms. Baloch.  After a dispute 
over payment for the subcontracted work, Ms. Baloch sent UCSF an email threatening the 
release of a number of patient files if she was not paid.  Luckily, one of the subcontractors 
eventually paid Ms. Baloch and disaster was avoided, but it does serve as a lesson 
regarding the risks assumed when patient information is outsourced (Lazarus, 2003).

Since some degree of risk to privacy exists when healthcare providers choose to 
outsource services that involve patient information, a key ethical consideration that the 
provider should consider is whether they should inform patients that their information 
is being outsourced.  Despite current trends in other industries, few healthcare providers 
inform their patients if their information is outsourced (Hazelwood et al., 2005).  State 
and National lawmakers are currently proposing legislation to address these issues, even 
though there is considerable debate about whether such laws are logical or tenable for the 
healthcare industry (AHIMA [American Health Information Management Association], 
2004).

1.6 Identifying and minimizing risk

While there are no fail-safe ways to ensure privacy during outsourcing, there are 
a number of considerations that should be made to identify and minimize risk in an 
outsourcing environment.  These considerations are used to construct the basis of our 
survey instrument, discussed later.

1. The first step that should be taken before outsourcing is a self-audit.  This is basically 
a research step in which you document, summarize, and ensure accessibility and 
understanding of all applicable laws and regulations under which the provider and its 
business associates operate.  This should be followed by an analysis of current policies 
and procedures that are in place at the hospital.  Areas of improvement should be 
identified, as should any disparities between existing laws and current policies.  Steps 
should then be taken to align policies with legal requirements for privacy (Rhodes et 
al., 2004). 

05-01.indd   4 2010/9/29   上午 09:58:11



                                  
Perceptions of Information Privacy in Outsourcing among Healthcare Executives: An Empirical Analysis  5

2. Ensure that contracts with any outside vendors obligate not only the vendor to 
maintain confidentiality of information, but also require that any party to whom the 
vendor sends information maintains the privacy and security of information.  While 
the HIPAA (The Health Insurance Portability and Accountability Act) law does extend 
to business associates and make them responsible for the privacy and security of the 
provider’s health information, complications may arise if the information finds its way 
overseas.  According to Margaret Davino (2004), “Entities not domiciled in the US 
may not be subject to, or even aware of, US laws.”  Rhodes et al. (2004) also address 
this subject in their article “Overseas Outsourcing.”  They explain that obtaining a 
judgment against a foreign party is difficult in and of itself, but in most situations 
involving the inappropriate release of information, the goal of legal action is to stop 
or prevent a behavior, not to seek judgment for damages or breach of contract.  If such 
an injunction could be obtained from a US court for an individual outside the country, 
it would be nearly impossible to enforce the injunction in a timely fashion.  Thus, 
Rhodes et al. suggest including contractual provisions with business associates that 
allow the provider to obtain an injunction if contractual terms are violated.  Including 
a provision of this nature would speed court proceedings allowing an injunction 
against the business associate to be made in an expedited manner (Rhodes et al., 
2004).

3. Require indemnification both from vendors and their subcontractors for any breach of 
contract, including confidentiality and privacy of information.  This will ensure that 
vendors and their subcontractors will be held wholly liable for their actions which 
will hopefully dissuade them from handling provider information in an unsafe manner 
(Davino, 2004).

4. If sending patient information overseas is not a risk worth taking, placing stipulations 
and requirements on current business associates may be a viable solution.  Including 
contractual provisions with business associates that explicitly prohibits them, or their 
subcontractors, from sending provider information overseas may not necessarily stop 
contractors or subcontractors from releasing patient information, but it will ensure that 
they are privy to American privacy laws (Davino, 2004).  Other options may include 
requiring the disclosure of subcontracts.  Based on the UCSF case, however, keeping 
track of information once it is outsourced can sometimes be a difficult task.

5. Another option that would eliminate the risks associated with overseas outsourcing is 
to use business associates that do not subcontract any work at all.  Many companies 
have full time domestic staffs that may offer many of the same benefits as in-house 
departments.  For example, employees may be offered hourly wages and other 
performance incentives that increase their productivity.  Some business associates 
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even assign employees to single contracts, which allow them to build familiarity with 
the provider’s needs and requirements.  This service, however, is likely to come at a 
premium, so providers must weigh the benefits and costs associated with choosing 
domestic outsourcing firms that do not subcontract work (Davino, 2004).

6. Another consideration to keep in mind is whether business partners are making 
investments to obtain and retain the healthcare provider as a customer.  A company 
that is willing to make investments into a relationship with their customer is clearly 
communicating the importance of maintaining the terms of the relationship.  For 
example, the company may purchase new computers or invest in new technology to 
help retain or obtain the customer’s business (Davino, 2004). 

7. Including specific performance standards in the contract, such as turnaround time or 
error rate, may help protect the provider by allowing them to terminate the contract 
if standards are not met.  These standards may also help the provider identify hidden 
costs associated with vendor inefficiency.  Many companies may appear to be less 
expensive because they charge lower fees, but may actually create other expenses 
to the provider.  For example, if the contractor has a high error rate, employees for 
the healthcare provider may have to dedicate time to review, edit, and correct the 
contractor’s work (Davino, 2004).

8. Weighing the costs of training staff with regards to privacy is also an important step 
in analyzing the feasibility of outsourcing.  HIPAA requires that individuals with 
access to personal health information receive training on the requirements of the law.  
In addition, some states require additional training in other areas of confidentiality, 
such as the New York AIDS confidentiality law.  The burden associated with training 
employees, in addition to recruiting, hiring, and retaining qualified workers, may be 
easier and more cost-effective to place in the hands of a contractor (Davino, 2004).

9. It is also important to include standard protection terms in any contract with outside 
vendors.  These terms include provisions required by HIPAA, the ability of both 
parties to terminate the contract with or without cause, an appropriate length of 
time for the contract, the inability of the vendor to assign the contract without the 
provider’s permission, and a requirement that any claim be brought in the state in 
which the provider is located (Davino, 2004). 

10. Verify the security practices of any vendors with which personal health information 
will be exchanged.  Partners should be able to assure that they are able to meet the 
demanding requirements and regulations within the healthcare industry, most notably, 
how their practices comply with the new HIPAA laws.  For example, vendors may 
be required to complete a security audit or verify current practices with regards to 
industry regulations (Zeile, 2005).
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1.7 Questions to ask prospective outsourcing partners

According to the AHIMA, there are a number of questions that providers should 
answer when considering possible outsourcing partners.  These questions are listed below 
(Hazelwood et al., 2005).

1. How and where will the work be done and will any portion of the work be 
subcontracted?

2. Who will be performing the work and at what pay?

3. What policies, procedures, and training programs are in place at all of the contractor’s 
sites, and are they compliant with industry standards for privacy and security?

4. What laws govern the protection of personal health information in the countries where 
services are being performed?

5. How will the information be securely transported to and from the healthcare facility?

6. How and when will physician and patient demographic information be provided to the 
contractor?

7. How long will information reside on the contractor’s database?

8. How will information retained on the contractor’s database be destroyed?

9. How will the service ensure and measure quality?

10. What language exists in your contracts to assign responsibility for breaches of privacy 
and security?

2. Premise for the hypothesis

Based on the discussion above, it is evident that many healthcare executives believe 
significant cost savings are possible for organizations interested in outsourcing various 
components of their operations.  However, the question is whether executives are placing 
too great of an emphasis on creating cost savings, while neglecting the safety of their 
patient’s personal information.  This research will seek to identify relationships between 
the personal attitudes and perceptions of privacy in outsourcing among executives and the 
actual policies and practices of the organization.  It is hypothesized that while individual 
executives may place a strong personal emphasis on the privacy of health information, 
these attitudes will not be reflected in the outsourcing policies and practices of the 
organization.
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3. Research methodology

Participants were asked to complete a 23-question online survey assessing 
organizational policies and procedures regarding privacy in outsourcing, personal 
perceptions of privacy, and demographics.  Survey questions were developed based on 
current literature, as well as best practices within the industry for privacy in outsourcing 
(see Appendix A for full survey).  Survey responses were compared and statistically 
analyzed to identify significant relationships between the organization’s policies/practices 
and the perceptions of the individual respondents.  All participants are current employees 
in hospital or hospital systems throughout the United States.  Individuals at the Vice-
President level and above, as well as individuals at the director level serving in a health 
information management role, were invited to participate in the survey.  Information was 
collected over a two month period in the following manner.

3.1 Partnership with Health Data Management

The research team worked closely with the professional journal Health Data 
Management to identify prospective participants for the survey.  Subscribers to this journal 
who met the criteria listed above were sent an email inviting them to take the online 
survey.  A follow-up email was then sent out two weeks after the initial email.

3.2 Convenience sampling

The research team also utilized personal contacts, primarily within the Dallas/Ft.  
Worth and Houston markets, to identify participants for the survey.  These individuals 
were sent a personal email inviting them to take the online survey, as well as a reminder 
email approximately two weeks after the initial contact.

All participants were instructed to access the survey using a URL that was 
provided to them in each email contact.  This URL led the participant to a secure site 
where responses were collected and tabulated.  Participants were not required to provide 
personally-identifiable information, but had the option of including their email address to 
receive information regarding the results of the survey. 

4. Measures

A total of 33 individuals, approximately half from each sampling measure, completed 
the survey in its entirety.  An additional 10 surveys were unusable due to incomplete 
responses.  Inadequate sample size restricted the research team from conducting Pearson’s 
Product Moment Correlations between survey responses, so its nonparametric equivalent 
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(Spearman’s Rho Correlation) was used to assess the statistical significance of our findings 
(Results from the survey can be found in Appendix B, while the statistical analysis can be 
found in Appendix C). 

5. Results

1. Q1.  The majority (60.6%) of participants were from the state of Texas.  There were 
not enough participants from any other state to make comparisons with.  

2. Q2.  There was no significant correlation between hospital size and the eight 
perceptions of privacy in outsourcing.

3. Q3.  No significant differences were found regarding the eight perceptions of privacy 
in outsourcing between urban and suburban participants.  (Only 3 rural, thus these 
were not included in the analysis.)

4. Q4.  No comparison could be made between CEO (n = 1), COO (n = 4), CIO (n = 3) 
and Other (n = 25) because the majority listed other as their position.  

5. Q6.  Participants who said that patients are notified if their health info is released to 
contractors had significantly greater agreement than participants who said that patients 
are not notified if their health info is released to contractors regarding the question 
“authorization should be required before contractors may share patient health info 
with subcontractors.” 

6. Q7.  Participants who said that contractors are required to notify their organization 
if patient health information is released to subcontractors had significantly less 
agreement than participants who said that contractors are not required to notify their 
organization if patient health information is released to subcontractors on the item “the 
benefits of outsourcing outweigh its possible risks to privacy.”

Participants who said that contractors are required to notify your organization if 
patient health information is released to subcontractors had significantly greater agreement 
than participants who said that contractors are not required to notify your organization if 
patient health information is released to subcontractors on the item “companies should 
never share personal information with other companies unless it has been authorized by 
the individual who provided the information.”

Of those who said yes, to Q7.  Sixteen of them said that the contractors are required 
to submit the information of the subcontractors (Q8).
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7. Q9.  There were no differences on the eight perceptions of privacy in outsourcing 
between participants who did and did not have contractors restricted from sending 
patients health information outside the US.

8. Q10.  Only 2 respondents reported that indemnification is not required, compared to 
16 who said yes it is required.  Thus no stats were conducted.

9. Q11.  Only 1 respondent reported that all contracts do not obligate business partners, 
compared to 31 who said yes.  Thus, no stats were conducted.

10. Q12.  There were no differences on the eight perceptions of privacy in outsourcing 
between participants who did and did not specific performance standards present in 
contracts with businesses

11. Q14.  There is a significant moderate positive correlation between Q14 and Q17.  
Participants who agreed that contractors used by their organization make adequate 
investments of time and money to obtain and retain their organization as a customer 
also agreed that they can trust outsourcing partners to maintain the integrity of patient 
health information and vice versa.

12. Q13, 14, and 15 are all significantly moderately positively correlated to one another.  
Participants who agreed on one, agreed on the other two and vice versa.

6. Discussion

While the relatively low response rate inhibited this survey from providing the most 
statistically viable results, it did provide interesting insight into the relationship between 
organizational policies regarding privacy in outsourcing and the individual executive’s 
personal views of the topic.  The majority of the information gathered in this research 
negates the hypothesis that executives within the healthcare field may place a strong 
personal emphasis on the privacy of health information, but that these attitudes are not 
reflected in the outsourcing policies and practices of the organization.

Significant agreement can be seen between the perceptions of executives and the 
practices of their organization in a number of different areas.  The following list outlines 
these relationships:

1. Executives that felt authorization should be required before contractors are able 
to share patient health information with subcontractors typically indicated that 
their organization did indeed notify patients if health information was released to 
contractors.
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2. Respondents who felt that companies should not release personal health information 
without prior authorization typically required contractors to notify their organizations 
if personal information was released to subcontractors.

This relationship implies that the values of the individual tend to align with the 
policies and practices of their organization.  The cause of this alignment, however, is 
unclear. 

Other important discoveries focused around the respondent’s knowledge and 
approach towards the safekeeping of their organization’s protected health information.  In 
an article written by Joanne Wojcik, many problems with privacy arise from the fact that 
companies do not know what’s being outsourced offshore (Wojcik, 2004) and often do not 
find out unless there is a problem.  This can be a significant issue, however, since most 
security incidents go unreported.  According to a  study conducted by the Government 
Accountability Office, as many as 80% of such incidents go unreported because managers 
do not realize a problem exists (Robeznieks and Conn, 2006). 

Based on our research, less than half of respondents were fully aware of who had 
access to their organization’s protected health information.  Approximately 42% of 
respondents did not know whether their PHI was restricted from going overseas, while 
21.2% of respondents had no such restrictions in place.  These are very interesting 
statistics, especially when you consider that 51.6% of respondents did not require 
indemnification of contractors and subcontractors regarding breaches in privacy.  Since 
HIPAA regulations are largely unenforceable internationally, organizations that are not 
diligent in protecting their patient’s information may face legal recourse if a breach 
should occur.  This threat has been highlighted by organizations such as the American 
Medical Association, who has recently issued a statement encouraging U.S. physicians to 
be wary of outsourcing services overseas without first verifying the security practices of 
contractors and subcontractors (Robeznieks, 2005), as well as incorporating language in 
all contracts that protects the customer.

Another discrepancy could be seen based on certain responses to the survey.  
Approximately 90% of respondents indicated that the protection of privacy should be 
maintained at any cost, yet they also overwhelmingly indicated that they do not feel U.S. 
HIPAA laws or foreign privacy laws adequately protect PHI abroad.  At the same time, 
63.6% of respondents either had no restrictions regarding overseas outsourcing or did 
not know if such policies were in place.  Despite this, 70% of respondents maintained 
that they trusted their outsourcing partners.  This information seems to imply that many 
managers are unaware of the threats that face their PHI or have done little to “put their 
money where their mouth is” in regards to protecting their organization’s information. 
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Results from the survey were also able to reinforce a number of measures identified 
by related literature as key methods to minimizing privacy risk in outsourcing.  For 
example, individuals who indicated that they verify the security practices of business 
partners (Zeile, 2005) and felt that their partners make adequate investments of time 
and money to retain their business were more aware of who had access to their patients’ 
information after it is released to contractors.  The survey also reinforced the idea that 
business partners who invest time and money into their relationships with healthcare 
providers are typically better trusted to ensure the integrity of personal health information 
(Davino, 2004).

7. Implications

While a number of key findings from this survey proved to be very interesting, the 
survey will need to be replicated and conducted on a much larger scale to provide any 
conclusive information.  In addition, a more randomized approach to identifying survey 
recipients is needed to improve the validity of the survey instrument.  

As stated previously, this research seems to imply that the values of the individual 
tend to align with the policies and practices of their organization, even though a clear 
cause of this alignment is not apparent.  Further research is needed to determine whether 
executives exert influence over policies and practices based on their personal views, 
whether the executive chooses to join an institution because its policies closely mirror 
their personal values, or whether the executive assimilates the values of the organization’s 
corporate culture into their own values.  Additional research is also needed to establish 
a more viable relationship between the executive’s personal values and the policies and 
practices of their organization.  However, establishing a better defined link between these 
two factors may help managers involved in the hiring process better understand what 
types of individuals may thrive in positions whose responsibilities involve privacy and 
outsourcing.

Despite a lack of knowledge regarding who is handling an organization’s information, 
more than 70% of respondents still felt that they could trust their outsourcing partners.  
Upon consideration of the number of incidents that go largely unreported, managers 
may need to take a closer look at the organizations that are handling their information to 
truly understand what privacy risks they may be facing.  Contracts may also need to be 
reevaluated to provide secure terms in the case of a legal challenge, or possibly prohibit 
the overseas outsourcing of PHI altogether.  In addition, future research may seek to 
address questions regarding how often privacy issues go unnoticed and what can be done 
to improve awareness and prevention of such problems.
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Other future research may also seek to address issues within a wide range of 
outsourcing areas.  While most current research focuses on issues surrounding the 
outsourcing of medical transcription, other services such as radiology, payroll, and 
customer services are also increasingly being sent overseas. 

8. Conclusion

The major contribution of this research stems from its ability to provide an initial 
link between the perceptions of privacy among hospital executives regarding outsourcing 
and the actual policies and practices exhibited by their organization.  Such a link may 
be important in developing an organization focused around privacy, as well as choosing 
administrators that are compatible with the hospital’s culture and goals. 

While outsourcing may provide numerous benefits to an organization, hospital 
executives must be careful in choosing partners whose processes are focused around 
security and privacy.  Numerous regulations in the U.S. and abroad have attempted 
to address the issue of privacy, but the responsibility in protecting this information is 
largely in the hands of the organization which it originates.  Remaining knowledgeable 
about the risks faced by the organization, as well as how to adequately address them 
while still capitalizing on the benefits offered by outsourcing will enable organizations to 
significantly decrease potential violations of protected health information.
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Appendix A: Survey Instrument

The return of your completed questionnaire constitutes your informed consent to act as a 
participant in this research. 

Survey Instrument

Demographic Information

  1. State where hospital is located.  (Pull down menu with states listed)

  2. Size of Hospital 
__________ Beds

  3. Hospital Setting 
 a. Urban 
 b. Suburban 
 c. Rural

  4. Position at Hospital 
 a. Chief Executive Officer 
 b. Chief Operations Officer 
 c. Chief Information Officer 
 d. Other (Please Specify): _________________________

  5. Email Address (This information will be used only to send you an executive summary 
of this research.  Please leave this field blank if you do not wish to receive such 
information.)  
_____________________________________________________________________

Privacy Practices in Outsourcing

Please indicate the most appropriate response in regards to the current practices of your 
hospital.

For the purposes of this survey, the term “contractor” is defined as any business partner 
that your organization enters into contract with to perform services for your organization.  
“Subcontractors” are business partners used by contractors to help perform services for 
your organization.

  6. Are patients notified if their health information is released to contractors? 
 a. Yes 
 b. No 
 c. I don’t know
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  7. Are contractors required to notify your organization if patient health information is 
released to subcontractors? 
 a. Yes 
 b. No 
 c. I don’t know

  8. If yes, are the contractors required to submit the information of the subcontractors to 
you? 
 a. Yes 
 b. No 
 c. I don’t know

  9. Are contractors for your organization restricted from sending patient health 
information outside the United States? 
 a. Yes 
 b. No 
 c. I don’t know

10. Is indemnification required from contractors for any breach of contract, as well as 
from any subcontractors that they may send information to?  
 a. Yes 
 b. No 
 c. I don’t know

11. Do all contracts with business partners obligate them, as well as any other person or 
entity to which the information is sent, to maintain the confidentiality and security of 
patient health information?  
 a. Yes 
 b. No 
 c. I don’t know

12. Are specific performance standards present in contracts with businesses that will 
have access to patient health information (ex. Turnaround time, error rate, template 
consistency, etc.)?  
 a. Yes 
       If yes, please specify some key performance standard/s used by your  
       organization: ________________________________________________ 
 b. No 
 c. I don’t know

Indicate the degree to which you, as an employee, agree with the following statements by 
selecting the appropriate number.
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1=Strongly Disagree; 2=Disagree; 3=Somewhat Disagree; 4=Neutral; 5= Somewhat 
Agree; 6=Agree; 7=Strongly Agree.

13. The security practices of business partners are verified before entering into a 
contractual agreement where patient health information will be exchanged. 

14. I feel that the contractors used by my organization make adequate investments of time 
and money to obtain and retain my organization as a customer. 

15. I am aware of who has access to the personal health information of my organization’s 
patients after it has been released to contractors.

Perceptions of Privacy in Outsourcing

Indicate the degree to which you, as an individual, agree with the following statements by 
selecting the appropriate number.

1=Strongly Disagree; 2=Disagree; 3=Somewhat Disagree; 4=Neutral; 5= Somewhat 
Agree; 6=Agree; 7=Strongly Agree.

16. The benefits of outsourcing outweigh its possible risks to privacy.

17. I can trust outsourcing partners to maintain the integrity of patient health information.

18. The privacy of patient health information should be protected no matter how much it 
costs. 

19. Companies should never share personal information with other companies unless it 
has been authorized by the individual who provided the information. 

20. Authorization should be required before contractors may share patient health 
information with subcontractors.

21. The Health Insurance Portability and Accountability Act (HIPAA) adequately protects 
patient health information that is exchanged during outsourcing to companies outside 
of the United States.

22. Foreign laws are as effective as U.S. HIPAA laws in protecting the privacy of patient 
health information.

23. I feel that patient health information shared with domestic business partners is more 
secure than patient health information shared with foreign business partners. 
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Appendix B: Survey Results

Section 1: Demographic Information

1. State where hospital is located

State Response Percent Response Total
Alabama   3   1
California   6.1   2
Florida   3   1
Michigan   3   1
North Carolina   6.1   2
Ohio   3   1
South Dakota   3   1
Tennessee   3   1
Texas 60.6 20
Utah   3   1
Virginia   3   1
Wyoming   3   1
Total Respondents 33
Skipped Question   0

2. Size of hospital (number of beds)

Mean 361
Median 245
Mode 216

3. Hospital setting

Response Percent Response Total
Urban 45.5 15
Suburban 45.5 15
Rural   9.1   3
Total Respondents 33
Skipped Question   0
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4. Position at hospital

Response Percent Response Total
CEO   3   1
COO 12.1   4
CIO   9.1   3
Other 75.8 25
Total Respondents 33
Skipped Question   0

5. Email Address (confidential)

Section 2: Privacy Practices in Outsourcing

6. Are patients notified if their health information is released to contractors?

Response Percent Response Total
Yes 36.4 12
No 42.4 14
I don’t know 21.2   7
Total Respondents 33
Skipped Question   0

7. Are contractors required to notify your organization if patient health information is 
released to subcontractors?

Response Percent Response Total
Yes 66.7 22
No 18.2   6
I don’t know 15.2   5
Total Respondents 33
Skipped Question   0

8. If yes, are the contractors required to submit the information of the subcontractors to you?

Response Percent Response Total
Yes 55.2 16
No 24.1   7
I don’t know 20.7   6
Total Respondents 29
Skipped Question   4
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9. Are contractors for your organization restricted from sending patient health information 
outside the United States?

Response Percent Response Total
Yes 36.4 12
No 21.2   7
I don’t know 42.4 14
Total Respondents 33
Skipped Question   0

10. Is indemnification required from contractors for and breach of contract, as well as 
from any subcontractors that they may send information to?

Response Percent Response Total
Yes 48.5 16
No   6.1   2
I don’t know 45.5 15
Total Respondents 33
Skipped Question   0

11. Do all contracts with business partners obligate them, as well as any other person or 
entity which the informationis sent, to maintain the confidentiality and security of patient 
health information?

Response Percent Response Total
Yes 93.9 31
No   3   1
I don’t know   3   1
Total Respondents 33
Skipped Question   0

12. Are specific performance standards present in contracts with businesses that will have 
access to patient health information?

Response Percent Response Total
Yes 45.5 15
No 24.2   8
I don’t know 30.3 10
Total Respondents 33
Skipped Question   0
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13. If yes, please specify some key performance standard/s used by your organization 
(open ended).

14. The security practices of business partners are verified before entering into a 
contractual agreement where patient health information will be exchanged.

Response Percent Response Total
1 = Strongly Disagree   0   0
2 = Disagree   3   1
3 = Somewhat Disagree   9.1   3
4 = Neutral 12.1   4
5 = Somewhat Agree 21.2   7
6 = Agree 30.3 10
7 = Strongly Agree 24.2   8
Total Respondents 33
Skipped Question   0

15. I feel that contractors used by my organization make adequate investments of time and 
money to obtain and retain my organization as a customer.

Response Percent Response Total
1 = Strongly Disagree   0   0
2 = Disagree   0   0
3 = Somewhat Disagree   3   1
4 = Neutral   6.1   2
5 = Somewhat Agree 15.2   5
6 = Agree 63.6 21
7 = Strongly Agree 12.1   4
Total Respondents 33
Skipped Question   0
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Section 3: Perceptions of Privacy in Outsourcing

16. I am aware of who has access to the personal health information of my organization’s 
patients after it has been released to contractors.

Response Percent Response Total
1 = Strongly Disagree   9.1   3
2 = Disagree 18.2   6
3 = Somewhat Disagree 12.1   4
4 = Neutral 12.1   4
5 = Somewhat Agree 15.2   5
6 = Agree 27.3   9
7 = Strongly Agree   6.1   2
Total Respondents 33
Skipped Question   0

17. The benefits of outsourcing outweigh its possible risks to privacy.

Response Percent Response Total
1 = Strongly Disagree   3.2   1
2 = Disagree   9.7   3
3 = Somewhat Disagree   6.5   2
4 = Neutral 16.1   5
5 = Somewhat Agree 22.6   7
6 = Agree 38.7 12
7 = Strongly Agree   3.2   1
Total Respondents 31
Skipped Question   2

18. I can trust outsourcing partners to maintain the integrity of patient health information.

Response Percent Response Total
1 = Strongly Disagree   3.2   1
2 = Disagree   6.5   2
3 = Somewhat Disagree   6.5   2
4 = Neutral 12.9   4
5 = Somewhat Agree 12.9   4
6 = Agree 45.2 14
7 = Strongly Agree 12.9   4
Total Respondents 31
Skipped Question   2
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19. The privacy of patient health information should be protected no matter how much it 
costs.

Response Percent Response Total
1 = Strongly Disagree   0   0
2 = Disagree   0   0
3 = Somewhat Disagree   3.2   1
4 = Neutral   6.5   2
5 = Somewhat Agree 12.9   4
6 = Agree 35.5 11
7 = Strongly Agree 41.9 13
Total Respondents 31
Skipped Question   2

20. Companies should never share personal information with other companies unless it 
has been authorized by the individual who provided the information.

Response Percent Response Total
1 = Strongly Disagree   3.2   1
2 = Disagree   0   0
3 = Somewhat Disagree   6.5   2
4 = Neutral   9.7   3
5 = Somewhat Agree   6.5   2
6 = Agree 32.3 10
7 = Strongly Agree 41.9 13
Total Respondents 31
Skipped Question   2

21. Authorization should be required before contractors may share patient health 
information with subcontractors.

Response Percent Response Total
1 = Strongly Disagree   9.7   3
2 = Disagree   0   0
3 = Somewhat Disagree   3.2   1
4 = Neutral 16.1   5
5 = Somewhat Agree   3.2   1
6 = Agree 41.9 13
7 = Strongly Agree 25.8   8
Total Respondents 31
Skipped Question   2
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22. The Health Insurance Portability and Accountibility Act (HIPAA) adequately protects 
health information that is exchanged during outsourcing to companies outside of the 
United States.

Response Percent Response Total
1 = Strongly Disagree   6.5   2
2 = Disagree 16.1   5
3 = Somewhat Disagree   6.5   2
4 = Neutral 38.7 12
5 = Somewhat Agree   9.7   3
6 = Agree 12.9   4
7 = Strongly Agree   9.7   3
Total Respondents 31
Skipped Question   2

23. Foreign laws are as effective as U.S. HIPAA laws in protecting the privacy of patient 
health information.

Response Percent Response Total
1 = Strongly Disagree   9.7   3
2 = Disagree 25.8   8
3 = Somewhat Disagree   6.5   2
4 = Neutral 51.6 16
5 = Somewhat Agree   0   0
6 = Agree   3.2   1
7 = Strongly Agree   3.2   1
Total Respondents 31
Skipped Question   2

24. I feel that patient health information shared with domestic business partners is more 
secure than patient health information shared with foreign business partners.

Response Percent Response Total
1 = S trongly Disagree   3.2   1
2 = Disagree   3.2   1
3 = Somewhat Disagree   0   0
4 = Neutral 51.6 16
5 = Somewhat Agree 12.9   4
6 = Agree 19.4   6
7 = Strongly Agree   9.7   3
Total Respondents 31
Skipped Question   2
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T-Test
Group Statistics

Hospital Setting N Mean Std. Deviation Std. Error Mean
The benefits of outsourcing 
outweigh its possible risks 
to privacy.

Urban 14 4.71 1.729 .462
Suburban 14 5.00 1.301 .348

I can trust outsourcing 
partners to maintain the 
integrity of patient health 
information.

Urban 14 5.14 1.916 .512
Suburban 14 5.29 1.383 .370

The privacy of patient 
health information should 
be protected no matter how 
much it costs.

Urban 14 6.07 1.141 .305
Suburban 14 6.00 1.038 .277

Companies should never 
share personal information 
with other companies unless 
it has been authorized by 
the individual who provided 
the information.

Urban 14 5.50 1.951 .522
Suburban 14 6.07   .917 .245

Authorization should be 
required before contractors 
may share patient 
health information with 
subcontractors.

Urban 14 5.21 1.805 .482
Suburban 14 5.36 1.985 .530

The Health Insurance 
Portability and 
Accountability Act (HIPAA) 
adequately protects patient 
health information that 
is exchanged during 
outsourcing to companies.

Urban 14 4.00 1.569 .419
Suburban 14 4.21 1.672 .447

Foreign laws are as effective 
as U.S. HIPAA laws in 
protecting the privacy of 
patient health information.

Urban 14 3.29 1.590 .425
Suburban 14 3.29 1.326 .354

I feel that patient health 
information shared with 
domestic business partners 
is more secure.

Urban 14 4.71 1.541 .412
Suburban 14 4.57 1.284 .343
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Frequencies
State where hospital is located.

Frequency Percent Valid Percent Cumulative Percent
Valid Alabama   1 3.0 3.0 3.0

California   2 6.1 6.1 9.1
Florida   1 3.0 3.0 12.1
Michigan   1 3.0 3.0 15.2
North Carolina   2 6.1 6.1 21.2
Ohio   1 3.0 3.0 24.2
South Dakota   1 3.0 3.0 27.3
Tennessee   1 3.0 3.0 30.3
Texas 20 60.6 60.6 90.9
Utah   1 3.0 3.0 93.9
Virginia   1 3.0 3.0 97.0
Wyoming   1 3.0 3.0 100.0
Total 33 100.0 100.0

Hospital Setting

Frequency Percent Valid Percent Cumulative Percent
Valid Urban 15 45.5 45.5 45.5

Suburban 15 45.5 45.5 90.9
Rural   3 9.1 9.1 100.0
Total 33 100.0 100.0

Position at Hospital

Frequency Percent Valid Percent Cumulative Percent
Valid CEO   1 3.0 3.0 3.0

COO   4 12.1 12.1 15.2
CIO   3 9.1 9.1 24.2
Other 25 75.8 75.8 100.0
Total 33 100.0 100.0
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Are patients notified if their health information is released to contractors?

Frequency Percent Valid Percent Cumulative Percent
Valid No 14 42.4 42.4 42.4

Yes 12 36.4 36.4 78.8
I don’t know   7 21.2 21.2 100.0
Total 33 100.0 100.0

Are contractors required to notify your organization if patient health information is 
released to subcontractors?

Frequency Percent Valid Percent Cumulative Percent
Valid No   6 18.2 18.2 18.2

Yes 22 66.7 66.7 84.8
I don’t know   5 15.2 15.2 100.0
Total 33 100.0 100.0

If yes, are the contractors required to submit the information of the subcontractors 
to you?

Frequency Percent Valid Percent Cumulative Percent
Valid No   7 21.2 24.1 24.1

Yes 16 48.5 55.2 79.3
I don’t know   6 18.2 20.7 100.0
Total 29 87.9 100.0

Missing 9999   4 12.1
Total 33 100.0

Are contractors for your organization restricted from sending patient health 
information outside the United States?

Frequency Percent Valid Percent Cumulative Percent
Valid No   7 21.2 21.2 21.2

Yes 12 36.4 36.4 57.6
I don’t know 14 42.4 42.4 100.0
Total 33 100.0 100.0
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Is indemnification required from contractors for any breach of contract, as well as 
from any subcontractors that they may send information to?

Frequency Percent Valid Percent Cumulative Percent
Valid No   2 6.1 6.1 6.1

Yes 16 48.5 48.5 54.5
I don’t know 15 45.5 45.5 100.0
Total 33 1000.0 100.0

Do all contracts with business partners obligate them, as well as any other person or 
entity to which the information is sent, to maintain the confidentiality and security of 

patient health information?

Frequency Percent Valid Percent Cumulative Percent
Valid No   1 3.0 3.0 3.0

Yes 31 93.9 93.9 97.0
I don’t know   1 3.0 3.0 100.0
Total 33 100.0 100.0

Are specific performance standards present in contracts with businesses that will 
have access to patient health information (ex. Turnaround time, error rate, template 

consistency, etc.)?

Frequency Percent Valid Percent Cumulative Percent
Valid No   8 24.2 24.2 24.2

Yes 15 45.5 45.5 69.7
I don’t know 10 30.3 30.3 100.0
Total 33 100.0 100.0

The security practices of business partners are verified before entering into a 
contractual agreement where patient health information will be exchanged.

Frequency Percent Valid Percent Cumulative Percent
Valid D   1 3.0 3.0 3.0

SWD   3 9.1 9.1 12.1
Neutral   4 12.1 12.1 24.2
SWA   7 21.2 21.2 45.5
A 10 30.3 30.3 75.8
SA   8 24.2 24.2 100.0
Total 33 100.0 100.0
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I feel that the contractors used by my organization make adequate investments of 
time and money to obtain and retain my organization as a customer.

Frequency Percent Valid Percent Cumulative Percent
Valid SWD   1 3.0 3.0 3.0

Neutral   2 6.1 6.1 9.1
SWA   5 15.2 15.2 24.2
A 21 63.6 63.6 87.9
SA   4 12.1 12.1 100.0
Total 33 100.0 100.0

I am aware of who has access to the personal health information of my organization’s 
patients after it has been released to contractors.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   3 9.1 9.1 9.1

D   6 18.2 18.2 27.3
SWD   4 12.1 12.1 39.4
Neutral   4 12.1 12.1 51.5
SWA   5 15.2 15.2 66.7
A   9 27.3 27.3 93.9
SA   2 6.1 6.1 100.0
Total 33 100.0 100.0

The benefits of outsourcing outweigh its possible risks to privacy.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   1 3.0 3.2 3.2

D   3 9.1 9.7 12.9
SWD   3 6.1 6.5 19.4
Neutral   5 15.2 16.1 35.5
SWA   7 21.2 22.6 58.1
A 12 36.4 28.7 96.8
SA   1 3.0 3.2 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0
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I can trust outsourcing partners to maintain the integrity of patient health information.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   1 3.0 3.2 3.2

D   2 6.1 6.5 9.7
SWD   2 6.1 6.5 16.1
Neutral   4 12.1 12.9 29.0
SWA   4 42.4 12.9 41.9
A 14 12.1 45.2 87.1
SA   4 12.1 12.9 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0

The privacy of patient health information should be protected no matter how much 
it costs.

Frequency Percent Valid Percent Cumulative Percent
Valid SWD   1 3.0 3.2 3.2

Neutral   2 6.1 6.5 9.7
SWA   4 12.1 12.9 22.6
A 11 33.3 35.5 58.1
SA 13 39.4 41.9 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total   33 100.0

Companies should never share personal information with other companies unless it 
has been authorized by the individual who provided the information.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   1 3.0 3.2 3.2

SWD   2 6.1 6.5 9.7
Neutral   3 9.1 9.7 19.4
SWA   2 6.1 6.5 25.8
A 10 30.3 32.3 58.1
SA 13 39.4 41.9 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0
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Authorization should be required before contractors may share patient health 
information with subcontractors.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   3 9.1 9.7 9.7

SWD   1 3.0 3.2 12.9
Neutral   5 15.2 16.1 29.0
SWA    1 3.0 3.2 32.3
A 13 39.4 41.9 74.2
SA   8 24.2 25.8 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0

The Health Insurance Portability and Accountability Act (HIPAA) adequately 
protects patient health information that is exchanged during outsourcing to 

companies outside of the United States.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   2 6.1 6.5 6.5

D   5 15.2 16.1 22.6
SWD   2 6.1 6.5 29.0
Neutral 12 36.4 38.7 67.7
SWA   3 9.1 9.7 77.4
A   4 12.1 12.9 90.3
SA   3 9.1 9.7 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0
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Foreign laws are as effective as U.S. HIPAA laws in protecting the privacy of patient 
health information.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   3 9.1 9.7 9.7

D   8 24.2 25.8 35.5
SWD   2 6.1 6.5 41.9
Neutral 16 48.5 51.6 93.5
A   1 3.0 3.2 96.8
SA 1 3.0 3.2 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0

I feel that patient health information shared with domestic business partners is more 
secure than patient health information shared with foreign business partners.

Frequency Percent Valid Percent Cumulative Percent
Valid SD   1 3.0 3.2 3.2

D   1 3.0 3.2 6.5
Neutral 16 48.5 51.6 58.1
SWA   4 12.1 12.9 71.0
A   6 18.2 19.4 90.3
SA   3 9.1 9.7 100.0
Total 31 93.9 100.0

Missing 9999   2 6.1
Total 33 100.0
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Descriptives

N Minimum Maximum Mean Std.
Deviation

The security practices of business partners 
are verified before entering into a contractual 
agreement where patient health information will 
be exchanged.

33 2 7 5.39 1.391

I feel that the contractors used by my organization 
make adequate investments of time and money 
to obtain and retain my organization as a 
customer.

33 3 7 5.76 .867

I am aware of who has access to the personal 
health information of my organization’s patients 
after it has been released to contractors.

33 1 7 4.12 1.883

The benefits of outsourcing outweigh its 
possible risks to privacy. 31 1 7 4.74 1.527

I can trust outsourcing partners to maintain the 
integrity of patient health information. 31 1 7 5.13 1.586

The privacy of patient health information should 
be protected no matter how much it costs. 31 3 7 6.06 1.063

Companies should never share personal 
information with other companies unless it has 
been authorized by the individual who provided 
the information.

31 1 7 5.81 1.515

Authorization should be required before 
contractors may share patient health information 
with subcontractors.

31 1 7 5.32 1.815

The Health Insurance Portability and Account-
ability Act (HIPAA) adequately protects patient 
health information that is exchanged during 
outsourcing to companies outside of the United 
States.

31 1 7 4.06 1.692

Foreign laws are as effective as U.S. HIPAA 
laws in protecting the privacy of patient health 
information.

31 1 7 3.29 1.395

I feel that patient health information shared with 
domestic business partners is more secure than 
patient health information shared with foreign 
business partners.

31 1 7 4.65 1.355

Valid N (listwise) 31
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T-Test
Group Statistics

Are patients notified 
if their health 
information is

N Mean Std. Deviation
Std. Error 

Mean

Size of Hospital (Number of 
beds)

No 14 283.14 256.333 68.508
Yes 12 390.08 251.406 72.575

The benefits of outsourcing 
outweigh its possible risks to 
privacy.

No 12 5.00 1.595 .461
Yes 12 4.42 1.782 .514

I can trust outsourcing partners 
to maintain the integrity of 
patient health information.

No 12 5.50 1.508 .435
Yes 12 4.67 1.923 .555

The privacy of patient health 
information should be protected 
no matter how much it costs.

No 12 6.17 .835 .241
Yes 12 6.25 .866 .250

Companies should never share 
personal information with other 
companies unless it has been 
authorized by the individual 
who provided the information.

No 12 5.33 1.875 .541
Yes 12 6.50 .522 .151

Authorization should be 
required before contractors may 
share patient health information 
with subcontractors.

No 12 4.25 2.261 .653
Yes 12 6.17 .835 .241

The Health Insurance 
Portability and Accountability 
Act (HIPAA) adequately 
protects patient health 
information that is exchanged 
during outsourcing to 
companies.

No 12 4.00 1.907 .550
Yes 12 3.92 1.832 .529

Foreign laws are as effective as 
U.S. HIPAA laws in protecting 
the privacy of patient health 
information.

No 12 3.25 1.485 .429
Yes 12 3.08 1.621 .468

I feel that patient health 
information shared with 
domestic business partners is 
more secure.

No 12 4.75 1.357 .392
Yes 12 4.92 1.676 .484
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NPar Tests
Mann-Whitney Test

Ranks

Are patients notified if N Mean Ranks Sum of Ranks
Size of Hospital (Number of 
beds)

No 14 11.61 162.50
Yes 12 15.71 188.50

Total 26
The benefits of outsourcing 
outweigh its possible risks to 
privacy.

No 12 13.58 163.00
Yes 12 11.42 137.00

Total 24
I can trust outsourcing partners to 
maintain the integrity of patient 
health information.

No 12 14.13 169.50
Yes 12 10.88 130.50

Total 24
The privacy of patient health 
information should be protected 
no matter how much it costs.

No 12 12.04 144.50
Yes 12 12.96 155.50

Total 24
Companies should never share 
personal information with other 
companies unless it has been 
authorized by the individual who 
provided the information.

No 12 10.25 123.00
Yes 12 14.75 177.00

Total 24

Authorization should be required 
before contractors may share 
patient health information with 
subcontractors.

No 12   9.29 111.50
Yes 12 15.71 188.50

Total 24

The Health Insurance Portability 
and Accountability Act (HIPAA) 
adequately protects patient health 
information that is exchanged 
during outsourcing to companies.

No 12 12.54 150.50
Yes 12 12.46 149.50

Total 24

Foreign laws are as effective as 
U.S. HIPAA laws in protecting 
the privacy of patient health 
information.

No 12 12.67 152.00
Yes 12 12.33 148.00

Total 24

I feel that patient health 
information shared with domestic 
business partners is more secure.

No 12 11.88 142.50
Yes 12 13.13 157.50

Total 24

05-01.indd   41 2010/9/29   上午 09:58:14



42    Russell Mariott, Mahesh S. Raisinghani
In

de
pe

nd
en

t S
am

pl
es

 T
es

t

Le
ve

ne
’s

 T
es

t 
fo

r E
qu

al
ity

 o
f 

Va
ria

nc
es

t-t
es

t f
or

 E
qu

al
ity

 o
f M

ea
ns

F
Si

g.
t

df
Si

g.
 

(2
-ta

ile
d)

M
ea

n 
D

iff
er

en
ce

St
d.

 E
rro

r 
D

iff
er

en
ce

95
%

 C
on

fid
en

ce
 

In
te

rv
al

 o
f t

he
 

D
iff

er
en

ce
Lo

w
er

U
pp

er
Si

ze
 o

f 
H

os
pi

ta
l (

N
um

be
r 

of
 

be
ds

)
E

qu
al

 v
ar

ia
nc

es
 a

ss
um

ed
 

Eq
ua

l v
ar

ia
nc

es
 n

ot
 a

ss
um

ed
.0

21
.8

87
-1

.0
70

24
.2

95
-1

06
.9

40
99

.9
57

-3
13

.2
42

99
.3

61
-1

.0
72

23
.5

29
.2

95
-1

06
.9

40
99

.8
02

-3
13

.1
40

99
.2

59
Th

e 
be

ne
fit

s 
of

 o
ut

so
ur

ci
ng

 
ou

tw
ei

gh
 it

s 
po

ss
ib

le
 r

is
ks

 to
 

pr
iv

ac
y.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

.8
34

.3
71

.8
45

22
.4

07
.5

83
.6

90
-.8

48
2.

01
5

.8
45

21
.7

37
.4

07
.5

83
.6

90
-.8

49
2.

01
6

I c
an

 tr
us

t o
ut

so
ur

ci
ng

 p
ar

tn
er

s 
to

 m
ai

nt
ai

n 
th

e 
in

te
gr

ity
 o

f 
pa

tie
nt

 h
ea

lth
 in

fo
rm

at
io

n.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

1.
43

4
.2

44
1.

18
1

22
.2

50
.8

33
.7

05
-.6

29
2.

29
6

1.
18

1
20

.8
15

.2
51

.8
33

.7
05

-.6
34

2.
30

1

Th
e 

pr
iv

ac
y 

of
 p

at
ie

nt
 h

ea
lth

 
in

fo
rm

ati
on

 sh
ou

ld
 b

e 
pr

ot
ec

ted
 

no
 m

att
er

 h
ow

 m
uc

h 
it 

co
sts

.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

.1
17

.7
36

-.2
40

22
.8

13
-.0

83
.3

47
-.8

03
.6

37
-.2

40
21

.9
70

.8
13

-.0
83

.3
47

-.8
04

.6
37

C
om

pa
ni

es
 s

ho
ul

d 
ne

ve
r 

sh
ar

e 
pe

rs
on

al
 i

nf
or

m
at

io
n 

w
ith

 o
th

er
 c

om
pa

ni
es

 u
nl

es
s 

it 
ha

s 
be

en
 a

ut
ho

riz
ed

 b
y 

th
e 

in
di

vi
du

al
 w

ho
 p

ro
vi

de
d 

th
e 

in
fo

rm
at

io
n.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

8.
63

9
.0

08
-2

.0
77

22
.0

50
-1

.1
67

.5
62

-2
.3

32
-.0

01
-2

.0
77

12
.6

97
.0

59
-1

.1
67

.5
62

-2
.3

83
.0

50

A
ut

ho
riz

at
io

n 
sh

ou
ld

 b
e 

re
-

qu
ire

d 
be

fo
re

 c
on

tra
ct

or
s 

m
ay

 
sh

ar
e p

at
ie

nt
 h

ea
lth

 in
fo

rm
at

io
n 

w
ith

 su
bc

on
tra

ct
or

s.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

15
.1

61
.0

01
-2

.7
54

22
.0

12
-1

.9
17

.6
96

-3
.3

60
-.4

74
-2

.7
54

13
.9

44
.0

16
-1

.9
17

.6
96

-3
.4

10
-.4

24

05-01.indd   42 2010/9/29   上午 09:58:14



                                  
Perceptions of Information Privacy in Outsourcing among Healthcare Executives: An Empirical Analysis  43

Th
e 

H
ea

lth
 I

ns
ur

an
ce

 P
or

t-
ab

ili
ty

 a
nd

 A
cc

ou
nt

ab
ili

ty
 A

ct
 

(H
IP

A
A

) 
ad

eq
ua

te
ly

 p
ro

te
ct

s 
pa

ti
en

t 
he

al
th

 i
nf

or
m

at
io

n 
th

at
 i

s 
ex

ch
an

ge
d 

du
ri

ng
 

ou
tso

ur
ci

ng
 to

 c
om

pa
ni

es
.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

.0
16

.8
99

.1
09

22
.9

14
.0

83
.7

63
-1

.5
00

1.
66

6
.1

09
21

.9
65

.9
14

.0
83

.7
63

-1
.5

00
1.

66
7

Fo
re

ig
n 

la
w

s 
ar

e 
as

 e
ffe

ct
iv

e 
as

 U
.S

. H
IP

A
A

 la
w

s 
in

 p
ro

t-
ec

tin
g 

th
e 

pr
iv

ac
y 

of
 p

at
ie

nt
 

he
al

th
 in

fo
rm

at
io

n.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

.7
09

.4
09

.2
63

22
.7

95
.1

67
.6

35
-1

.1
50

1.
48

3
.2

63
21

.8
32

.7
95

.1
67

.6
35

-1
.1

50
1.

48
3

I f
ee

l t
ha

t p
at

ie
nt

 h
ea

lth
 in

fo
r-

m
at

io
n 

sh
ar

ed
 w

ith
 d

om
es

tic
 

bu
si

ne
ss

 p
ar

tn
er

s 
is

 m
or

e 
se

cu
re

.

E
qu

al
 v

ar
ia

nc
es

 a
ss

um
ed

 
Eq

ua
l v

ar
ia

nc
es

 n
ot

 a
ss

um
ed

.2
40

.6
29

.2
68

22
.7

91
.1

67
.6

23
-1

.4
58

1.
12

5
.2

68
21

.0
84

.7
92

.1
67

.6
23

-1
.4

61
1.

12
5

In
de

pe
nd

en
t S

am
pl

es
 T

es
t (

co
nt

i.)

05-01.indd   43 2010/9/29   上午 09:58:14



44    Russell Mariott, Mahesh S. Raisinghani

NPar Tests
Mann-Whitney Test

Ranks

Are patients notified if N Mean Ranks Sum of Ranks
Size of Hospital (Number of 
beds)

No   6 10.67   64.00
Yes 22 15.55 342.00

Total 28
The benefits of outsourcing 
outweigh its possible risks to 
privacy.

No   6 20.50 123.00
Yes 21 12.14 255.00

Total 27
I can trust outsourcing partners to 
maintain the integrity of patient 
health information.

No   6 17.83 107.00
Yes 21 12.90 271.00

Total 27
The privacy of patient health 
information should be protected 
no matter how much it costs.

No   6 12.33   74.00
Yes 21 14.48 304.00

Total 27
Companies should never share 
personal information with other 
companies unless it has been 
authorized by the individual who 
provided the information.

No   6   7.58   45.50
Yes 21 15.83 332.50

Total 27

Authorization should be required 
before contractors may share 
patient health information with 
subcontractors.

No   6   8.92   53.50
Yes 21 15.45 324.50

Total 27

The Health Insurance Portability 
and Accountability Act (HIPAA) 
adequately protects patient health 
information that is exchanged 
during outsourcing to companies.

No   6 13.33   80.00
Yes 21 14.19 298.00

Total 27

Foreign laws are as effective as 
U.S. HIPAA laws in protecting 
the privacy of patient health 
information.

No   6 11.50   69.00
Yes 21 14.71 309.00

Total 27

I feel that patient health 
information shared with domestic 
business partners is more secure.

No   6 13.33   80.00
Yes 21 14.19 298.00

Total 27
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T-Test
Group Statistics

Are patients notified 
if their health 
information is

N Mean Std. Deviation
Std. Error 

Mean

Size of Hospital (Number of 
beds)

No 6 306.83 368.254 150.339
Yes 22 395.73 336.832 71.813

The benefits of outsourcing 
outweigh its possible risks to 
privacy.

No 6 6.00 .632 .258
Yes 21 4.43 1.630 .356

I can trust outsourcing partners 
to maintain the integrity of 
patient health information.

No 6 5.83 1.602 .654
Yes 21 5.00 1.673 .365

The privacy of patient health 
information should be protected 
no matter how much it costs.

No 6 5.83 .983 .401
Yes 21 6.00 1.140 .249

Companies should never share 
personal information with other 
companies unless it has been 
authorized by the individual 
who provided the information.

No 6 4.33 2.160 .882
Yes 21 6.33 .966 .211

Authorization should be 
required before contractors may 
share patient health information 
with subcontractors.

No 6 3.67 2.503 1.022
Yes 21 5.71 1.454 .317

The Health Insurance 
Portability and Accountability 
Act (HIPAA) adequately 
protects patient health 
information that is exchanged 
during outsourcing to 
companies.

No 6 3.83 2.229 .910
Yes 21 3.90 1.546 .337

Foreign laws are as effective as 
U.S. HIPAA laws in protecting 
the privacy of patient health 
information.

No 6 2.67 1.033 .422
Yes 21 3.33 1.560 .340

I feel that patient health 
information shared with 
domestic business partners is 
more secure.

No 6 4.67 .816 .333
Yes 21 4.76 1.578 .344
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A CMM Assessment of Information Systems Maturity 
Levels in Botswana

Faith-Michael E. Uzoka
Department of Computer Science and Information Systems, Mount Royal University

ABSTRACT: The maturity of information systems (IS) in corporate organizations has become 
crucial in influencing the maturity and effectiveness of other functional programs 
such as marketing, finance, production, and human resources.  This study examines 
the maturity levels of IS in corporate organizations in a developing country, using 
the Capability Maturity Model (CMM).  The results show that most parastatal 
and large organizations reside in the high echelon of IS maturity, while public 
and small organizations are still in the low levels of maturity.  Majority of the 
organizations do not utilize the CMM software principally due to lack of knowledge 
of its existence. Furthermore, the study shows that the effectiveness and control of 
an organization’s software processes and services improve as organizations move 
up the maturity levels.

KEYWORDS: Information Systems, Capability Maturity Model, Software, Key Process Areas, 
Software Process Improvement.

1. Introduction

The information systems (IS) field is experiencing a tremendous rate of growth and 
divergence simultaneously.  Our current information society is based on the premise that 
the use of electronic information will bring improvement in the quality of life of people.  
Information technologies (IT) pervade almost every aspect of daily life, necessitating 
constant assessment and evaluation of the impacts of technology on the society.  Despite 
the popular association of information technology with business process improvement 
(BPI) and business process re-engineering (BPR), little research appears to have been 
done on how IT actually co-operates with business processes to improve their process 
capability (Hinks, 1998).  

It is a fact that different types of information systems are developed for different 
purposes and the organizations differ in size and their information systems development 
capabilities; therefore there is no silver bullet universally true for any information systems 
development task.  Progress has been made in developing participative approaches in 
which different stakeholders can raise issues related to the value that they attribute to 
information systems (Remenyi, White and Sherwood-Smith 1997).  However, little 
has been said about the importance of understanding the context of relations in which 
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information systems are implemented and evaluated as an enabler or facilitator of 
change.  Many organizations know that they need to improve their IT-related development 
processes in order to successfully manage change, but often don’t know how.  Such 
organizations typically either spend very little time/capital on process improvements 
because they are unsure of how best to proceed; or focus on a number of parallel and 
unfocussed efforts, to little or no avail. 

The Software Capability Maturity Models (SW-CMMs) are able to address these 
problems by providing effective, proven practices and methods for organization’s to 
gradually gain control over and improve their IT-related development processes.  SW-
CMM is basically a framework that describes the key elements of an effective software 
process.  They provide a conceptual structure for improving the management and 
development of information systems products in a disciplined and consistent way.  
CMMs describe an evolutionary improvement path from an ad hoc, immature process 
to mature disciplined process (Olson, Reizer and Oyer, 1994).  The various practices 
are typically organized into five levels, each level representing an increased ability to 
control and manage the development environment.  An evaluation of the organization’s 
practices against the model -- called an assessment -- determines the level at which 
the organization’s information systems currently stands.  It indicates the organization’s 
maturity in the area concerned, and the practices on which the organization needs to focus 
on in order to realize the greatest improvement and the highest return on investment.  The 
benefits of capability maturity models are well documented for software engineering.  
Their application to enterprise architecture has been a recent development, stimulated by 
the increasing interest in enterprise architecture in recent years, combined with the lack of 
maturity in this discipline.  In assessing IS, participation and involvement of stakeholders 
has become an interesting if not essential feature of formative approaches to evaluation 
(Doherty and McAulay, 2001).  The CMM model has gained a wide-scale acceptance over 
the last decade in supporting process improvement.  Some of the current business drivers 
that continue to influence the development of information systems include: globalization 
of the economy, electronic-commerce, security and privacy issues, collaboration and 
partnership, knowledge asset management, continuous improvement and total quality 
management, as well as business process redesign (Muhammad, 2006). 

The CMM was originally formulated as a tool to evaluate the ability of government 
contractors to perform a contracted software project.  Though it comes from the area of 
software development, it has been, and it continues to be widely applied as a general 
model of the maturity of processes.  Currently, the CMM is used for evaluating IS quality 
and maturity in both public and private organizations, large and small organizations, 
organizations especially in developed countries.  The aim of this study is to discover the 
maturity levels of information systems of organizations in Botswana, be it a small or large 
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corporation, private or government organization.  Botswana is a developing country that has 
a high level of technological advancement and global competitiveness [rated 8th in Africa] 
(Blanke, 2007).  An attempt is made to assess the maturity levels through the Capability 
Maturity Model, which acts as a guide or framework for software process improvement.  
The study addresses the key process areas (KPAs) defined by the SW-CMM to evaluate 
the IS maturity levels of organizations.  These KPAs address the organizations’ IS 
planning, system quality, information quality, user awareness, IS performance evaluation, 
and organizational impact of IS.  In specific terms, the study attempts to: (1) determine the 
level of utilization of the CMM by organizations in Botswana for process improvement; 
(2) determine if effectiveness, and control of an organization’s software processes improve 
as the organization moves up these five levels of the CMM; (3) compare the maturity 
levels in terms of size and nature of organization.

2. Background

Information technology (IT) had been one of the fastest growing industrial sectors 
in developed countries in the last four decades.  Through declining hardware costs and 
increasing benefits, IT has achieved varying intensities of diffusion in less-developed 
countries, many of which have joined the race to become “information rich” (Sackman, 
1981).  Being aware that computers are the most important factor in this process, some 
countries have developed or adopted robust information policies to realize their goals.  
Botswana is one those countries that have incorporated IT growth into its national strategy, 
named Vision 2016 (BV2016C [Botswana Vision 2016 Council], 2004), and aims to propel 
its socio-economic and political development into a competitive, winning and prosperous 
nation.  In one of the seven key goals towards achieving this strategy, Botswana will be 
abreast of other nations in information technology and will become a regional powerhouse 
in the field (WITF [World Information Technology Forum], 2005).  It further indicates that 
most people will be computer literate as most schools and workplaces will be equipped 
with computers.  This enables Botswana to become an informed nation in which a culture 
of transparency and accountability will flourish.  However, as a latecomer to the IT scene 
like most developing countries, it will face enormous difficulties such as becoming users 
of IT without the required infrastructure and manpower to support it. 

The diffusion rate of IT in Botswana is currently relatively low.  Internet subscription 
rates are less than 1% of the population with Internet access charges being relatively 
high in Botswana compared to most other South African Development Corporation 
(SADC) countries (Heeks, 2001).  Currently, IT resources are limited and affordable to 
those fortunate to have access to them or extremely rich, thus creating what is nowadays 
called the “digital divide” (Venson, 2005).  The effect of this digital divide is that those 
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without access to technology are likely to remain poor and isolated from developments 
nationally and internationally.  The Internet in Botswana, for example, is accessed in three 
major locations: the Internet Cafes, schools and universities, businesses and research 
institutions (Mutula, 2004).  In 1996, while most organizations in Botswana were aware 
of the Internet, few actually had access to IT and those that did made long-distance phone 
calls to Internet Service Providers in South Africa.  At that time there was confusion 
about when the Internet would be readily available in Botswana.  Today, it is said that 
most of the Internet market is fully liberalized, and that most of the users are currently 
corporate institutions and government organizations.  Most organizations in Botswana 
have gradually resorted to the use of information systems in their daily processing of 
information and the provision of their services.  Botswana ranks fourth after Mauritius, South 
Africa and Namibia in IT infrastructure development within SADC region (Mutula, 2004).

E-readiness is fundamental to the adoption of information systems especially in a 
networked global economy.  It represents the capability of nations to create, diffuse, adopt 
and use various components of the networked economy.  The rankings of e-readiness 
survey have become an established benchmark for countries seeking to harness the 
information system’s potential to drive business efficiency, improve the provision of 
public services and encourage the integration of local economies with the global economy 
(Lane et al., 2004).  The e-readiness rankings for 2006 shows that European countries 
took six of the ten top spots and Nordics occupy three of the spots with Denmark in 
the first position.  According to McKenna (2006), virtually all countries included in the 
2006 rankings improved their scores over the 2005 figures, with the improvements being 
more significant at the lower tiers of the ranking (consisting of developing nations) than 
at the top (developed nations).  This implies that the digital divide is fast narrowing.  
Irrespective of the reduction in the digital gap, it is noted in Mutula and Brakel (2006) that 
e-readiness in developing countries especially in Africa is low when compared with those 
of developed nations.

Historical stimulus for growth of IT in Botswana has been a combination of 
curiosity and research as most access originated primarily in learning institutions.  Current 
stimulus for IT growth and diffusion is the desire to become a contributing member 
to the regional and global communities as well as to further develop Botswana as an 
information society.  Some internet cafe’s in Gaborone report an average of 150 customers 
a day.  Some potential reasons for this low usage include: low penetration of electrical 
services in the home, high cost of internet connectivity, high cost of basic computing 
hardware and little local content creation.  Most businesses use the Internet primarily for 
collaboration purposes, while government use of IT is particularly visible through the 
central government site (Sairosse and Mutula, 2004). 
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The challenges above were addressed at the World IT Forum (WITF, 2005), which 
was held in Botswana and addressed the challenges of IT usage.  The Government of 
Botswana has also introduced a draft national Information Communication Technology 
(ICT) policy, as well as a number of initiatives.  Its e-government initiative will bring 
services closer to the people, and hopefully also act as a catalyst for the public as well 
as the private sectors to embrace IT and ICT.  In addition, efforts are being made to 
reduce communication costs in Botswana, mainly through further liberalization of the 
telecommunications industry.  This should create more competition and ultimately result 
in lower tariffs for consumers.

3. Research foundation

Information systems have become very important in the functioning of corporate 
organizations through the support for business processes, management decision making 
and strategic advantage (O’Brien and Marakas, 2007).  Ultimately, information system 
has changed role from being a tool to being a driver of other functional areas in corporate 
organizations.  However, there is a high level of concern regarding the quality of 
information systems (especially software components) utilized by corporate organizations 
(Ahern, Clouse and Turner, 2001).  Smith (2004) observes that almost 70% of software 
projects are not completed, majority exceed budget estimates while running short on 
meeting requirements specifications. 

In 1984, the Software Engineering Institute (SEI) led by Humphrey Watts began to 
work on a development framework that could address the problems stated above from 
the software developers’ point of view (Humphrey, 1988).  The result was the Capability 
Maturity Model (CMM).  The CMM assists organizations in improving the quality of 
their software development and implementation processes towards “maturity”; that is, 
developing processes that have high predictability of results and low risk of encountering 
unknown variables or situations (Smith, 2004).  The CMM development has been 
enhanced by lots of academic research in the field of process engineering.  These research 
activities have led to the constant improvement of the CMM by SEI, and the creation 
of maturity models for different information systems components such as software 
acquisition (Kind and Ferguson, 1997), network development (Capone et al., 1998), 
system security management (Murine and Carpenter, 1984; Stacey, 1996), and project 
management (Fincher and Ginger, 1997; Hartman and Skulmoski, 1998; Remy, 1997).  
All these models were founded on the underlying principles of the CMM.  The existence 
of several models caused organizations to incur additional training costs in inter-model 
transitions, and also created confusion on the part of practitioners regarding the model of 
choice.  The SEI subsequently developed the “Integrated CMM” (CMMI) to eliminate 
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the conflicts by codifying the tenets of model-based process improvement engineering 
practices in organizations that span several disciplines (Ahern, Clouse and Turner, 2001).

3.1 Basics of capability maturity model

The Capability Maturity Model is a representation of a “common sense engineering” 
approach to software process improvement.  The maturity levels, key process areas, 
common features, and key practices have been extensively discussed and reviewed 
within the software community with a consensus regarding software development and 
process improvement efforts.  The CMM provides a conceptual structure for improving 
the management and development of information systems products in a disciplined and 
consistent way.  The model characterizes the maturity of the organizations processes or 
information systems to establish the “as is” system; that is the current conditions and 
operations of the existing system specification.  It then establishes goals for process 
improvements to define the “to be” system, which is the expected outcome of the system 
after its development/maturity phase.  It then sets priorities for immediate actions 
as a process of transition from the “as is” to “to be” system.  Stability then becomes 
effective through the management and sustainability of organizational changes.  Changes 
in software process and components are then incrementally introduced to avoid the 
disruption of current systems.  When an organization moves up these steps, it also moves 
up the maturity levels defined by the model.

In evaluating an information system component using the CMM, the following are 
considered (Wikipedia, n.d.; Figure 1):

1. Maturity Levels: A five layered framework that provides a progression to the 
discipline needed to engage in continuous improvement.  The uppermost level 
(level 5) is the notional ideal state, where processes are managed by a systematic 
combination of processes optimization and process improvement.

2. Key Process Areas (KPAs): A key process area identifies a cluster of related activities, 
which when collectively performed, achieve a set of goals that are deemed to be 
important.  The KPAs represent the stages that the organization must go through on the 
way to becoming mature, as each KPA identifies an organization goals, commitment, 
stability, measurements and verification.

3. Goals: The goals of a KPA provide a summary of the states that must be attained for 
that KPA to have been implemented in an effective and lasting manner.  They signify 
the boundary, scope and intent of a KPA, and indicate how much of capability the 
organization has attained at a given maturity level.

4. Common Features: These include practices that assist in the implementation and 
institutionalization of a KPA.  The common features include: commitment to 
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perform, ability to perform, activities performed, measurement and analysis, and 
implementation verification.

5. Key Practices: These describe the elements of infrastructure and practice that provides 
the most contribution to performance and institutionalization of the KPAs.

Figure 1   CMM Components

The five maturity levels of the CMM and their KPAs are explained below (Paulk et 
al., 1993):

3.2 Level 1: Initial 

This is the base level whereby application development practices and results 
are inconsistent.  Development processes are not properly defined and developers 
perform their assignments through individualized methods that show little consistency 
across the information systems of an organization.  Project management is weak and 
protect developers are susceptible to disruption created by unreasonable commitments 
or excessive requirements changes.  The Level 1 IS organization lacks the ability to 
consistently meet commitments.  With no Key Process Areas prescribed for it, an 
organization is said to reside in level 1 maturity if its IS has been evaluated not to have 
achieved the KPAs mentioned below for the rest of the four levels of maturity.
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3.3 Level 2: Repeatable

Level 2 focuses on requirements management, which is developing the capabilities 
of project managers to plan achievable commitments and establish control of requirement 
baselines and product configurations.  Project management principles are established to 
track project costs, schedules and functionality, and applications are delivered on schedule.  
Although projects may use different methods or practices, the environment must be 
stabilized to support their performance.  A concerted effort is made to repeat earlier project 
successes though skill and experience of the project team are crucial in project success.  
Effective project management practices lay the foundation for standardized processes 
in the next level.  The following KPAs characterize level 2 maturity: requirements 
management, project planning, software project tracking and oversight, quality assurance, 
and software configuration management. 

3.4 Level 3: Defined 

At this level, a standardized system development process or methodology is 
purchased or developed.  This is after projects can repeat successful or best practices, 
which are identified from different projects.  These procedures are then integrated into a 
common process and deployed across the organization.  A strong organizational culture 
emerges at Level 3 based on a common process that covers all the important elements 
of the organization’s information systems.  All projects use a tailored version of the 
common process to develop and maintain IS, and the organization can begin comparing 
results, sharing lessons learned and transferring people more easily among projects.  Each 
project results in consistent and high-quality documentation and deliverables, and it is 
much easier to achieve targets for cost, functionality and scheduling.  The process is then 
stable, predictable and repeatable.  The third level maturity includes the following KPAs: 
organization process focus, organization process definition, training program, integrated 
software and service management, software product engineering, inter-group coordination, 
and peer reviews. 

3.5 Level 4: Quantitatively managed 

Organizations residing in this level of maturity have established measurable goals 
and productivity yardsticks.  Having established a common process, an organization can 
then develop statistical capability baselines that characterize the expected results from 
performing these procedures.  The baselines provide a quantitative understanding of the 
capability of development processes and the causes of variation in their performance.  
By statistically managing performance of the development processes, an organization is 
able to predict and control project outcomes much earlier in the course of a project.  Thus 
systems development problems such as cost overruns, scope creep and schedule delays are 
tackled more proactively.  Quantitative management enhances greater empowerment of 
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project teams and increased predictability of project results.  The process can be adjusted 
or ‘crashed’ when the need arises based on predictable and measurable impacts.  Its KPAs 
are; quantitative process management and software quality management.

3.6 Level 5: Optimizing

At this level, the system development process is continually monitored and 
improved based on measures and data analysis established at level 4.  At this level of 
maturity, the organization continuously evaluates the capability of its processes to identify 
areas requiring the greatest improvement.  Continuous improvements can be achieved 
by evaluating the results of lessons learned, or they can be accomplished proactively by 
evaluating new development methods, processes or technologies for potential adoption.  
A Level 5 organization ultimately establishes a facility for supporting continuous change 
management as a crucial component of its overall development process.  

Each process of a given level becomes the new foundation for more sophisticated 
processes at the next level.  Consequently, as an IS organization achieves the next level 
of maturity, the culture moves one step further away from the initial state toward an 
environment of professionalism and continuous improvement.  Thus it is very important 
to recognize that each level is a prerequisite for the next level.  Seeking formal assessment 
and improvement under this model can be time consuming and expensive, but the rewards 
in the quality of the software product and predictability of quality in future products 
are very real.  Some organizations are so preoccupied with market and daily demands 
that serious process improvement initiatives are ignored.  Additionally, many smaller 
organizations rightly view the CMM as designed for large shops or organizations, thus 
they cannot see its direct value (Gainer, 1998).  While the CMM is neither perfect nor 
comprehensive, it does represent a broad consensus of the information systems and software 
community and it is a useful tool for guiding improvement efforts, and it can be used to equally 
help small organizations improve their processes.  The CMM framework is shown in Figure 2.

The model indicates that with the exception of level 1 all maturity levels contain 
KPAs.  The result of an appraisal is a capability maturity level and the maturity levels 
indicate process capability as well as contain KPAs which are organized by common 
features to achieve goals which are generic and specific.  The common features simply 
address implementation and institutionalization.  They contain specific practices that 
describe infrastructure and activities such as organizational factors and business factors.  
Organizational factors (culture, size, structure) and business factors influence the specific 
practices of an organization.  In turn, those specific practices of an organization help 
it to define specific goals focusing on line of business, current process capability, and 
technology support.  The specific and generic goals help in achieving the necessary KPAs 
that result in higher maturity levels of an organization’s IS.
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The following hypotheses were tested in this study:

H1: Effectiveness and control of an organizations software processes and services improve 
as organizations move up the maturity levels.

H2: Maturity Levels are not influenced by the nature of the organization.

H3: There is a no significant correlation between size of an organization and its maturity level.

4. Research design

4.1 Survey procedure

The population of this research included both product and service providing 
organizations that were in the private, public or parastatal sectors of Botswana.  
Enterprises of different sizes were surveyed.  The parastatal organizations are 
organizations that are partly owned and financed by government, but maintain some 
entrepreneurial independence.  A total of 100 questionnaires were distributed to staff 
of fifty organizations, with an average of two questionnaires distributed to individuals 
who were either directly involved or aware of the information systems development and 
its impact on the organization.  It is assumed that employees involved in IT/IS services 

Figure 2   The Research Model
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have a relatively greater understanding of the questionnaire and therefore provide useful 
information for the research, thus IT/IS specialists were the target respondents.  A total of 
eighty-one people responded to the questionnaire (81%).

4.2 Measures 

The data collection instrument used for this research was the questionnaire 
(Appendix), which consisted of three parts.  The first part captures the sample 
characteristics such as respondents’ job classification, age of organization, nature 
of organization, and size of organization.  The second part of the questionnaire uses 
organizational variables relating to IS maturity to assess the maturity levels of an 
organization’s IS.  The variables used are known as Key Process Areas (KPAs), and they 
are defined for the Software Capability Maturity Model (SW-CMM).  According to (Paulk 
et al., 1993) SW-CMM is a three-dimensional construct.  The first construct is “Project 
Implementation”, representing the maturity level 2 KPAs as; requirement management, 
software project planning, software project tracking & oversight, software quality 
assurance and software configuration management.  Organizational Implementation is 
the second construct representing the maturity level 3 KPAs; organization process focus, 
organization process definition, training program, integrated software management, 
software product engineering, peer review, and inter-group coordination.  The third 
construct is “Quantitative Process Management” representing the KPAs at both maturity 
level 4 and 5.  At level 4, the KPAs are; quantitative process management and software 
quality management, while at maturity level 5 the KPAs are; problem prevention, 
process change management and technology change management.  For an organization 
to achieve maturity in a particular maturity level it has to accomplish most of the KPAs 
in that maturity level as well as in the previous maturity levels.  The third part of the 
questionnaire measures the use of the Capability Maturity Model (CMM) as a framework 
for process improvement and it minimally looks into different organizational reasons for 
the adoption of CMM.  The data covers the following aspects: management of Information 
Systems, the efficiency and effectiveness of Information Systems and training programs.

4.3 Analysis procedure 

The statistical analysis was carried out using Statistical Package for Social Sciences 
(SPSS) Version 14.0.  The initial component of the analysis involves the use of descriptive 
statistics in capturing respondents and organization’s characteristics, and the levels 
maturity of the organizations.  Regression analysis was utilized in determining the factors 
influencing the levels of IS maturity.  The hypothesis relating to the nature of organization 
and level of maturity was tested using the one factor analysis of variance (ANOVA).  The 
ANOVA table provides a formal F test for the factor effect.  The F-statistic is the mean 
square for the factor divided by the mean square for the error.  This statistic follows an 
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F distribution with (k-1) and (N-k) degrees of freedom.  The decision rule is to reject the 
null hypothesis if Fcalculated > Fcritical.  Multiple regression analysis was further carried out in 
order to test the hypothesis that the effectiveness and control of an organization’s software 
process improves as organizations move up the maturity levels.  A correlation analysis was 
run to determine the relationship between organizational size and maturity levels.

5. Results and discussions

5.1 Sample characteristics

Table 1 shows the respondents’ characteristics as well characteristics of the 
organizations they work in.  There were a total of 81 respondents coming from private, 
parastatal and public organizations.  A total of 29 respondents represented the Parastatal 
sector at a percentage of 35.8%; Majority (49.4%) were from the Private sector, while 
14.8% represented the public sector.  82.8% of the parastatal organizations were 21 years 
and above, while only 10.3% were between 15 and 20 years, and 6.9% were between 5 
to 10 years.  39.4% of the organizations were either small or medium sized, while the 
rest were large or very large.  Majority of the large and very large organizations were 
parastatals, while majority of the small organizations were private.  The respondents 
were from diverse industries, with the majority being general services-non-profit 
(27.2%), general services-for-profit (16.0%), and business/professional services (16.0%).  
Financial services occupied 13.6%, education 9.9%, wholesale and retail were 6.2%, 
while mining was 4.9%.  The majority of the respondents were non-management staff and 
they constituted 82.8% of the parastatal sector, and 73% of the private sector and 58% 
of the public sector.  On the other hand, 17.2% of the respondents from the parastatal 
organizations were management staff, as well as 28% of the private sector and 42% of the 
public sector respondents. 

5.2 Determining maturity

The second section of the questionnaire addressed the key process areas of the 
CMM, which were used as the indicators for assessing the maturity levels in this research.  
Maturity Levels 2 through 5 can be characterized by three things: the activities performed 
by the organization to establish or improve the software process, activities performed 
on each project and the resulting process capability across projects.  A behavioral 
characterization of Level 1 is included to establish a base of comparison for process 
improvements at higher maturity levels.  Each maturity level has its own set of key 
process areas except for the Initial level.  The following SW-CMM key process areas 
stated in Section 3.0 were used to help determine maturity levels.
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Table 1   Sample Characteristics
Nature Organization

Size of Organization Parastatal Valid% Private valid% Public valid% Grand Total Cumulative%

Very Small   0     0   3     7.5   0     0   3     3.7

Small   0     0 10   25   3   25 13   16.0

Medium   5   17.2   8   20   6   50 19   23.4

Large   4   13.8 18   45   3   25 25   30.9

Very Large 20   69   1     2.5   0     0 21   26.0

Grand Total
(%)

29
(38.5%)

100 40
(49.4%)

100 12
(14.8%)

100 81 100

Years in Operation

<5 years   0     0   8   20   2   17 10   12.4

5-10 years   2     6.9 24   60   6   50 32   39.5

11-15 years   0     0   0     0   0     0   0     0.0

15-20 years   3   10.3   0     0   0     0   3     3.7

21 years and above 24   82.8   8   20   4   33 36   44.4

Grand Total 29 100 40 100 12 100 81 100

Industry of 
Organization

Business/
Professional Services   2     6.9 11   28   0     0 13   16.0

Education   4   13.8   4   10   0     0   8     9.9

Financial Services   7   24.1   4   10   0     0 11   13.6

General Services-For 
Profit   1     3.44 12   30   0     0 13   16.0

General Services-
Nonprofit 11   37.9   2     5   9   75 22   27.2

Health Care   0     0   2     5   3   25   5     6.2

Mining   4   13.8   0     0   0     0   4     4.9

Wholesale/ Retail   0     0   5   13   0     0   5     6.2

Grand Total 29 100 40 100 12 100 81 100

Respondents 
Position in 

Organization

Management Staff   5   17.2 11   28   5   42 21   26.0

Non-Management 
Staff 24   82.8 29   73   7   58 60   74.0

Grand Total 29 100 40 100 12 100 81 100
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80% of the data from the respondents for the KPAs were recorded on a 5 point scale, 
which were coded from 1 to 5, while the other 17% were recorded on a 4 point scale coded 
from 1 up to 4. 1 was the most significant option and 5 the least significant option, in all 
questions.  This made it easy to integrate the data from each respondent, for each level of 
maturity and find their average.  This average was then used to determine the maturity levels of 
the organizations from each respondent and then compared to the nature of the organization.  It 
is important to understand that for an organization to reside in a particular level of maturity it 
must have accomplished or fully achieved all KPAs in that level and KPAs of the level below 
that one, if any.  Thus, the averages of the total scale points were used to assess maturity level, 
also considering that some variables were satisfied by more than one option.

In relation to the 5 point scale, the following criteria were used to establish maturity 
levels from the averages of the key process areas. 

(1-2.5): indicates that all KPAs were fully satisfied in that level and that the organization 
resides in that level and possibly more levels ahead of it, if any.  But it must have also 
achieved all previous levels as well.

(2.5-3.5): indicates that the KPAs were partially achieved and that the organization resides 
in that level but not in any levels after that one.  Also, it must have achieved all the other 
levels before it.

 (3.5-5+): indicates that most of the KPAs were not achieved, therefore, the organization 
does not reside in that level nor can it reside in levels after that one.  Instead, if it had 
achieved any level before that one then it will be said to be in such a level, otherwise it 
will reside in level 1. 

Table 2 and Figure 3 show the distribution of maturity levels against the nature of 
organizations.  This research shows that 49.4% of the organizations reside in level 5, and 
according to this table, 21 of them were the parastatal organizations, and 12 were private 
while 16 of them were public organizations.  Level 1 organizations occupied 23.5% with 
the most being private organizations then public organizations.  Level 2 organizations 
occupied 11.1% also by only private and public organizations.  Level 3 was 8.6% from all 
types of organizations, as well as Level 4 with 7.4%.

While this study indicated that several organizations had gone up on the maturity 
grid, a sizable percentage of organizations were on levels 1 or 2 (33.6%).  Majority of these 
organizations were private firms, which may not have elaborate/efficient information systems 
project management structure.  Herbsleb et al. (1997) noted that planning and tracking of 
projects is an area that seems to be holding many level 1 organizations from achieving level 
2.  Active monitoring, staffing, and efficient resource allocation are management controls 
that appear critical in movement from the lower to upper levels of the maturity grid.
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5.3 Organizations’ usage of the capability maturity model

The third section of the questionnaire focused on the adoption of the capability 
maturity model as a tool for process improvement.  100% of the respondents do not use 
the capability maturity model for process improvement.  It was pertinent to find out the 
reasons why this model was not being used in Botswana.  Table 3 shows that most people 
are unaware of the CMM.  81.4% of the respondents indicated lack of knowledge of the 
tool.  Another factor most people strongly agreed to was that they had other preferences to 
invest in other ventures instead of purchasing the CMM (88.8%).  Other factors are: high 

Table 2   Established Maturity Levels

Nature of Organization  

Maturity Levels Parastatal Private Public Grand Total Percent

Initial   0 13   6 19   23.5

Repeatable   0   8   1   9   11.1

Defined   4   2   1   7     8.6

Managed   4   1   1   6     7.4

Optimizing 21 16   3 40   49.4

Grand Total 29 40 12 81 100

Figure 3   Maturity Levels and Nature of Organizations
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purchase cost of the CMM, the risk of associated failure, and the lack of realization of 
benefits of the CMM to the organization. 

Table 3   Factors influencing lack of use of the CMM

Factor SA A N D SD Total

Lack of Knowledge about CMM 50 16   5   8   2 81

Never seen CMM in use by other organizations 26 11 10 20 14 81

Preference to invest in other ventures 50 22   2   1   6 81

High purchase cost of the model 23 16 16 18   8 81

Associated failure 12   9 20 25 15 81

No realization of benefits of CMM 35 21   8   8   9 81

Note: SA = Strongly Agree, A = Agree, N = Neutral, D = Disagree, SD = Strongly 
Disagree

The results obtained with respect to non-utilization of CMM tools for software 
process improvement (SPI) are in consonance with previous findings (Staples et al., 
2006) that identified the following reasons for organizations’ inability to purchase CMM 
tools: small size of organization, lack of time for consideration of CMM software tools, 
utilization of alternative SPI approach, cost of implementing CMM, and a notion that 
CMM implementation was infeasible.

5.4 Hypothesis testing

The following hypotheses relating to the attainment of IS maturities were tested:  

H1: Effectiveness and control of an organizations software processes and services 
improve as organizations move up the maturity levels

A statistical linear model was estimated in order to make inferences that can be made 
about the linear relationship that exists between the maturity levels and the improvement 
of the effectiveness and control of an organization’s software process.  The dependent 
(Y) variables are improvement of service, software improvement, and productivity 
improvement, generated from the section B of the questionnaire; while the independent 
variable (X) is maturity levels, which were established by key process areas.  The purpose 
of this hypothesis was to determine if the independent variable (maturity levels) had an 
impact on the improvement of the dependent variables.  Table 4 presents model summary, 
while Table 5 shows the results of the linear regression.
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Table 4   Model Summary

Model R R Square Adjusted R Square

1-Service 
improvement

.567 .322 .313

2-Software quality 
improvement

.737 .543 .537

3-Productivity 
improvement

.605 .366 .358

Table 5   Regression Statistics

Unstandardized 
Coefficients  Standardized 

Coefficients t Sig.

Model B Std. Error Beta

1-Service improvement -.130 .021 -.567 -6.123 .000

2-Software quality improvement -.237 .024 -.737 -9.684 .000

3-Productivity improvement -.151 .022 -.605 -6.750 .000

In all cases, |t| ≥ 2, which implies that the level of maturity has a significant impact 
on service improvement, software quality improvement, and productivity improvement.  
Table 4 shows a better model fit (Adjusted R square = 0.537) for software quality 
improvement.  Also, the t-values indicate that the software quality is mostly affected by 
the level of capability maturity (t = -9.683), followed by productivity improvement (t = 
-6.750) and service improvement (t = -6.123). 

The results are consistent with previous results reported in (Herbsleb et al., 1997), 
which indicated that maturity level tends to affect quality, and productivity.  It is also 
noted in Ravichandram and Lertwongsatien (2005) that variation in firm performance 
is explained by the extent to which IT processes support and enhance  firm’s core 
competences.

H2: Maturity Levels are not influenced by the nature of the organization.

Table 6 utilizes an analysis of variance test to determine if the maturity level is 
significantly affected by the nature of the organization.  The ANOVA table shows that Fcalc 
(54.74) > Fcrit (3.90).  Therefore, the relationship between maturity levels and the nature of 
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organizations is statistically significant.  With the p-value between groups less than alpha 
= 0.05, we say that there is a statistical relationship between the two variables, and the 
hypothesis is rejected.  Therefore, the maturity level of an organization is influenced by 
the nature of an organization.  Figure 2 indicates that higher maturity levels (level 4 and 5) 
were attained mostly by the parastatal organizations. 

Table 6   ANOVA: Single Factor

Source of Variation SS Df MS F P-value Fcrit

Between Groups 102.7222     1 102.7222 54.74463 7.32E-12 3.900236

Within Groups 300.2222 160 1.876389

Total 402.9444 161

Lee and Xia (2006) examined nature of organizations as a moderator influencing 
the relationship between size of organization and process innovation, and found nature 
of organization to be a significant moderator.  Their results indicate that organization 
size may not be an advantage in process innovations for non-for-profit organizations.  
This study indicates that public organizations (non-for-profit) did not perform well on 
the maturity model.  The parastatals on the other hand, occupy a significant amount in 
the Optimizing maturity level.  The parastatals are made up of 82% large and very large 
organizations, which might add reason for the attainment of higher maturity levels.  
Most public organizations are at the initial levels of the CMM.  This could be attributed 
to poor work attitude and laissez faire management style that is associated with public 
organizations (ROB, 2006) especially in Botswana with a good level of dissatisfaction 
among workers in public organizations.  Recently, the government introduced scarcity 
and retention allowances (ranging from 15% to 40% of basic salary) for public service 
workers.  The parastatals are considered private corporations that work under government 
regulations and financial support.  It is noted that parastatals in Botswana were previously 
public organizations, and there is exodus of high skilled professionals from the public 
service to the parastatals.  This may have warranted the introduction of retention 
allowances for public workers.  Moving up the CMM levels by parastatals is not a surprise 
because these organizations tend to show world class standards by adopting the best 
management, service, and other organizational processes and practices.
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H3: There is a no significant Correlation between size of an organization and its 
maturity level.

Table 6 shows organization size against level of maturity.  A correlation analysis was 
carried out between size of organization and maturity level.  The results show a correlation 
of 0.669942, which is indicative of a good correlation between the size of the organization 
and maturity level.  We accept the hypothesis that there is a significant correlation between 
size of an organization and its maturity level.  Table 7 shows that 87.5% of the small and 
very small organizations reside in lower levels of maturity (level 1 and 2). 

Table 7   Size of Organization Against Level of Maturity

Count of Size of 
Organization Size of Organization

Maturity Levels Very Small Small Medium Large Very Large Grand Total

1 3   8   7   1   0 19

2 0   3   4   2   0   9

3 0   0   1   4   2   7

4 0   0   1   3   2   6

5 0   2   6 15 17 40

Grand Total 3 13 19 25 21 81

According to the results, most maturity levels were found at level 5 (Optimizing).  
However, most small and medium sized enterprises (SMEs) have not yet fully established 
their IS departments in order to achieve the best in process development and delivery.  The 
adoption of the CMM is relatively low in Botswana as most organizations fail to employ 
tools that help with process improvement and requirements.  The study shows that service 
improvement, software quality and increasing productivity are being affected positively 
with upward movement on the CMM ladder.  Though most of small and medium 
sized organizations do spend a lot on IT infrastructure, they lack good implementation 
strategies.  Another factor was the poor work culture and negative attitudes, which tend to 
impact negatively upon the maturity of these organizations. 

This study agrees with previous studies that established a positive relationship 
between firm size and IS maturity.  McBride, Henderson-Sellers and Zowghi (2004) found 
a correlation between system maturity and organizational size in a study conducted in 
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Australia.  In another study, Jung and Hunter (2001) found that the average capability level 
for organizations with large IT staff is greater than the capability level for organizations 
with small IT staff.  Lee and Xia (2006) examined the relationship between organization 
size and IT process innovation.  They concluded that though there is a positive correlation 
between organization size and process innovation, the following moderators affected the 
relationship: type of innovation, type of organization, stage of innovation adoption, and 
scope of size. 

6. Conclusion and limitations

Information systems development is a complex process comprising not only 
technological expertise, and analytical and designing methodology, but also issues of 
process improvement and project management.  It is the reality that different types of 
information systems are developed for different purposes and the organizations differ 
in size and their information systems development capabilities.  Many people and 
generally organizations are unaware of the Capability Maturity Model and its potential 
benefits.  Instead, they continue to spend a lot on Information Technologies without a 
strategy.  This study shows that 77% of organizations spend highly on developing their 
IT services but some of them continue to remain in low levels according to the CMM 
assessment.  The capability maturity model is rarely used in Botswana by all sectors and 
sizes of organizations.  This research supports the assertion by Dillion (2001) that even 
if a technology is engineered to be highly usable, and shown to be so through formal 
testing, there exists no guarantee that this will lead to acceptance.  Continuous process 
improvement is based on many small, evolutionary steps rather than revolutionary 
innovations.  The staged structure of the CMM, which was used in this research is based 
on principles of product quality espoused by Shewart and Deming (1939).  Organizations 
find the model costly, and would rather invest in other business ventures.  Despite the 
non utilization of the CMM, many organizations had reached a high level of maturity. 
A significant 49.4% of the organizations have reached maturity level 5 and 7.4% are at 
maturity level 4.  The results indicate that a total of 56.8% of organizations reside in the 
higher levels of maturity.

This research has shown that public organizations are lagging behind in information 
systems developments, indicated by the amount of public organizations that attained 
only lower levels of maturity.  Some of the reasons for low maturity include low level of 
training and skills of workers, poor working conditions and incentives for staff members, 
poor documentation of software requirements and architecture, and the integration 
of software components.  Low usage of the appropriate technology as well as poor 
management culture and negative attitudes are also factors that hinder full development 
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of information systems in the public sector.  It is recommended that public sectors should 
concentrate more on process improvement; through assessing their current IS situation, 
and exposing themselves to more information systems innovations, which include process 
tracking, and documentation for efficiency and effectiveness. 

It was also discovered that all sectors find it costly to manage information 
systems.  A proper management system is therefore suggested.  According to Barati 
and Berg (2003), a good management system is the key behind the success of many IS 
implementations.  This also helps in purchasing technologies that are appropriate for the 
organizations.

While this study utilized the CMM constructs in assessing IS maturity of public, 
parastatal and private organizations in Botswana, it is pertinent to note that the CMM 
was utilized because of the belief that it captures the organization’s IS program as an 
integral whole.  Future studies could utilize the CMMI especially when considering the 
IS as consisting of several interrelated programs such as security, network management, 
project management, e-commerce, etc.  Furthermore, the maturity of organizations across 
industries could be considered.

The Assessment Requirements for CMMI [ARC] (SEI, 2006) stipulate that the 
ratings of organizations’ maturity level be performed by a qualified software evaluation 
professional.  In this study, a sampling of software experts was done apriori.  This stems 
from the fact that their levels of expertise in software process evaluation was assumed 
based on their job positions in the organizations.  The self reporting data collection 
mechanism that utilized professionals from within the organization could create some 
level of bias that may have skewed the results towards higher maturity levels.

In this study, the dataset representing maturity levels 2-4 represent a small percentage 
of the survey (27.1%).  This shows a significant kink in the expected gradient of maturity 
levels.  Level 1 constituted 35%, while level 5 constituted 49.1% of the respondents.  One 
explanation for this low number of respondents at the lower levels maturity could be that 
a high percentage of the organizations had passed through levels 2, 3, and 4 to level 5, 
while the other majority (level 1 and mainly small organizations) are not making efforts 
towards software process improvement.  Another explanation could be in terms of the 
non-response bias of the survey.  It is probable that a high percentage of non-respondents 
are from organizations that operate within maturity levels 2-4.  Though the non response 
rate was statistically low (19%) according to Armstrong and Overton (1977) evaluations, 
it could affect the results of the survey.
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Appendix: Questionnaire

SECTION A. BACKGROUND QUESTION

1. Please give your company details.
Please tick the most appropriate option.

a) How do you classify your organization in terms of size?
Very Small  o      Small  o      Medium  o      Large  o      Very Large  o

b) State the nature of your organization.
Private Organization  o      Parastatal Organization  o      Public Organisation  o

c) Number of years your organization has been in operation.
< 5 years  o      5-10 years  o      11-15 years  o      15-20 years  o      21 years and over o

d) Which of the following best describes the industry of your organization?
Mining  o      Manufacturing  o      Education  o      Business/Professional Services  o
Financial Services  o      Health Care  o      Public Administration  o
General Services-NonProfit  o      Wholesale/ Retail  o      General Services-For Profit  o

e) How would you classify your position within the organization?
Management staff  o      Non management staff  o

SECTION B. KEY PROCESS AREAS FOR ACHIEVING CAPABILITY

2. Are you aware of any documented procedures within your work place that are meant to 
capture, refine, prioritize and track the development of customer requirements?
Yes  o      No  o      Unsure  o      Not Applicable  o

3. How do you feel about the management of Information Systems in your organizations?
Very Satisfactory  o    Satisfactory  o    Neutral  o    Dissatisfactory  o    Very Dissatisfactory

4. How effective do you think your organizations’ Information Technologies and Information 
Services are, with regards to achieving customer satisfaction?
Very Effective  o      Effective  o      Neutral  o      Ineffective  o      Not at all  o

5. Has your company’s Information Systems delivery ever been evaluated against either the 
company’s documented expected performance, or the level of expected performance within its 
industry?
Strongly Agree  o      Agree  o      Neutral  o      Disagree  o      Strongly Disagree  o

6. Has your organization established a website that people can access to gain information about it?
Yes  o      No  o      Unsure  o      Not Applicable  o
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7. Do you often use email/ telephone to communicate with your customers? 
Strongly Agree  o      Agree  o      Neutral  o      Disagree  o      Strongly Disagree  o

8. How easily accessible is email/Internet at your work place?
Excellent  o      Good  o      Average  o      Poor  o      Not Applicable  o

9. Has the existence of email/internet in your work place enhanced the communication between 
yourself and other staff members?
Strongly Agree  o      Agree  o      Neutral  o      Disagree  o      Strongly Disagree  o

10. Do you think your organization has adopted all necessary technologies to help it achieve the 
following?

SA A B D SD

Its business goals 

Achieve customer satisfaction

11. Would you agree that your organization conducts regular activities that assess, develop and 
help to maintain the service delivery of your Information Systems?
Strongly Agree  o      Agree  o      Neutral  o      Disagree  o      Strongly Disagree  o

12. How often is information collected from within the organization about the efficiency of your 
Information Services / Information Technology delivery?
Never  o      Once  o      Occasionally  o      Frequently  o

13. Is there any standard or common Software /methodology being used within your organization 
in its daily service delivery activities, to help achieve its goals?
Yes  o      No  o      Unsure  o

14. Please indicate by a tick if you agree or disagree to each of the following, where; SA= 
strongly agree, A= agree, N= neutral, D= disagree and SD= strongly disagree.

SA A N D SD

The organizations standard software process is developed 
and maintained according to a documented procedure

The organizations standard software process is documented 
according to established organization standards

The organization has established and maintained a software 
process database

The organization has documentation of all software related 
processes
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15. Please indicate the percentage you think, of staff that might have access to any if not all of 
your IT facilities.  Tick where appropriate.

0

Less than 20

21-40

41-60

61-80

81+ 

16. Indicate the approximate percentage of those staff members that have rights/ privileges to 
using the common/standardized software that has been adopted by the organization.

0

Less than 20

21-40

41-60

61-80

81+ 

17. Does your organization offer any training programs to its staff members, on how to use the 
standardized software?
Never  o      Once  o      Occasionally  o      Frequently  o
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18. Please indicate by a tick if you agree or disagree to each of the following, statements; SA= 
strongly agree, A= agree, N= neutral, D= disagree and SD= strongly disagree.

SA A N D SD

Different departments are able to share processed data and 
lessons learned from different on going projects

There is Maintained consistency in Information Service 
delivery

The Software in use is in performance with relation to the 
organizational requirements

The organization does Software testing (according to the 
Projects’ defined Software Process)

There is documentation of Software Engineering tasks, such 
as through Requirement documents and Test Plans

19. Are there regular Technical Review interventions and Interchanges being conducted between 
the Information Services group and other departments/groups?
Strongly Agree  o      Agree  o      Neutral  o      Disagree  o      Strongly Disagree  o

20. How effective do you think the Information Systems team is, with addressing the 
Organizations System Requirements, objectives and issues?
Very Effective  o      Effective  o      Neutral  o      Ineffective  o      Not at all  o

21. How often has your organization had external people to audit the implementation of its 
Information systems?
Never  o      Once  o      Occasionally  o      Frequently  o

22. To what extent has the use of Information Systems changed your organizations performance 
looking back at the past 5 years?
Extremely  o      Moderately  o      Slightly  o      Has Not Changed at all  o
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23. What has this change brought to your organization?

Please rank each statement by significance, circling either the most significant number as 1, the 
second most significant 2…5 the least significant.

Improved productivity 1 2 3 4 5

Increased profits 1 2 3 4 5

Improved services 1 2 3 4 5

Improved Employee and customer relations 1 2 3 4 5

Increased performance against competitors 1 2 3 4 5

Offered uniqueness to the market 1 2 3 4 5

Reduced employee turnover 1 2 3 4 5

24. Where do you think the Costs of managing your Information Systems lies?
High  o      Average  o      Low  o
25. How effective do you think your organizations Information Services department is in 
response to solving user problems?
Very Effective  o      Effective  o      Slightly Effective  o      Ineffective  o      Not at all  o

26. How would you rate the type of technology in use within your organization?
Excellent  o      Good  o      Average  o      Poor  o      Not Applicable  o

27. How effective do you think the injection of these technologies into the organization is?
Very Effective  o      Effective  o      Slightly Effective  o      Ineffective  o      Not at all  o

28. How well is the response towards the use of these technologies by staff members? 
Very positive  o      Positive  o      Neutral  o      Negative  o      Very Negative  o

29. How would you assess the improvement of the following looking in the past year: Tick 
where appropriate.

Improved Remained Constant Deteriorated

Service Improvement

Software Quality

Increasing Productivity
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30. To what extent would you assess the following factors to have contributed to the low 
improvement of the above: (service delivery, software quality & productivity) (Tick 
appropriately.)
Factors influencing service, software & productivity improvement

Factors
Very 
Much 

Much
Not 

Much
Very 
Little

Not 
at all

Low Level of training and skill of workers 

Poor Working conditions and  incentives

Poor documentation of software requirements, 
architectures & integration of software 
components

Low Usage  of appropriate technology

Low Management calibre 

Poor work culture and negative attitudes 

Poor Work method and work design

Unmotivated workers

SECTION C.  THE USE OF CMM FOR PROCESS IMPROVEMENT

31. Does your organization use the Capability Maturity Model or any other model/ tool/
framework/program, for Process & Quality Improvement in their Information Systems?
Yes  o      No  o      Other (Specify) _______________________________________

32. If you answered Yes above or mentioned another model or tool please identify the reasons 
for using it.  Where: SA= strongly agree, A= agree, N= neutral, D= disagree and SD= strongly 
disagree. (You can select more than one option.)

Reasons for adopting the CMM SA A N D SD

Persuasion from various sources

Perceived competitive advantage in the market

From observing beneficial results by other organizations

Government funding

Perceived ease of use of the model

Quality in Software development and implementation of 
processes
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33. If you answered No in part (a) above, please identify the reasons for using it. (You can select 
more than one option.)

Reasons for not adopting a model/
tool for Process Improvement

SA A N D SD

Lack of technical Knowledge about the tool

From observing lack of use of the CMM by other organizations

Preference to invest or upgrade other business ventures

The high purchase cost of the model/tool

The risk of associated failure

Lack of realization of value/benefits of the CMM to the 
organization
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ABSTRACT: The development of theoretical diversities within management information systems 
(MIS) discipline has been a constant focus and a frequently discussed issue.  Those 
studies provide a developing pattern for the readers and researchers to track and 
understand the evolution of information technology and management subjects.  
Furthermore, the results can be a guidebook for future trends of information 
management researches.

 In this research, we collected the authors and keywords from the most prestigious 
journal in MIS research domain, MISQ, from 1977 to 2007, as the source of data 
sample.  Using social network analysis (SNA) for mapping out the Journal’s author 
collaboration network over time and classifying each article through their keyword-
hierarchical structure, we exemplified the development of research communities 
and referenced domains. 

 While limited by the sampled data, the results of our findings indicated that 
the structure of co-author research communities fits a scale-free distribution 
model, a preferential attachment process, in the first decade of these research 
collaborations.  And the research communities developed a stable small-world 
structures/ communities over time, and many distinct clusters are connected to each 
other by a rather small number of links, since 1997.  We conclude by applying the 
trends of co-author relationship in each MIS sub-domain to provide a new aspect to 
observe and understand the development of various MIS subjects. 

KEYWORDS: Small-World Network, Scale-Free Distribution, Social Network Analysis, Research 
Co-Author Community, Research Keywords, Community Structure Variation.

1. Introduction

This study made innovative contribution to information management domain 
by advocating an idea of applying social network analysis and theoretical basis into 
research on development of information management domain from the perspective of co-
research in knowledge community.  Innovations constantly taking place in information 
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management issues and research trends was caused by sustainable development of 
information technology and enterprise operation, which becomes one important issue 
attracting attentions of many scholars into discussion.  Since 1982, similar studies by 
citing other authors’ analysis statements into articles (Culnan and Swanson, 1986; Culnan, 
1987; Grover et al., 2006; Wade, Biehl and Kim, 2006) or summarizing keywords research 
issues (Hamilton and Ives, 1982; Barki, Rivard and Talbot, 1988, 1993; Alavi and Carlson, 
1992; Swanson and Ramiller, 1993; Benbasat and Weber, 1996; Lee, Gosain and Im, 
1999; Claver, Gonzalez and Llopis, 2000; Vessey, Ramesh and Glass, 2002; Liang and 
Chen, 2005; Prasad and Tata, 2005) by scholars had been published every several years, in 
the hope of depicting history and development background of information management, to 
assist scholars within this domain to know about research achievements and foundations 
set up in the past and understand possible development directions concerning this domain 
in future.  Past research approaches took issues/subjects as major objects and classified 
articles previously published in MIS research into different categories from aspects of 
essential domains and scholars over time and discussed co-discipline/co-author citation 
quoted by such articles (Hamilton and Ives, 1982; Culnan and Swanson, 1986; Culnan, 
1987; Barki et al., 1988; Alavi and Carlson, 1992; Barki et al., 1993; Swanson and 
Ramiller, 1993; Benbasat and Weber, 1996; Lee et al., 1999; Claver et al., 2000; Vessey et 
al., 2002; Liang and Chen, 2005; Prasad and Tata, 2005; Grover et al., 2006; Wade et al., 
2006).  However, there was not any analysis related to co-author and structural changes 
of keywords domains/issues by adopting social network analysis methods.  Regarding 
this, this article managed to analyze the scholars’ articles and keywords that are cited 
most frequently in MIS domain in MIS Quarterly (MISQ) to generate a broad overview of 
structural depth and achievements that never touched before. 

This study took all articles published previously in MISQ as objects of data 
collection, disposal and analysis.  Totally 738 articles were collected from 1977 to 2007, 
including 1,012 authors (for the narration purpose, sometimes it is called as research 
community) and 3,607 keywords (2,275 for non-repeated words).  The keyword coding 
framework consisting of nine categories issued by Barki et al. (1993) in MISQ was 
adapted to the classification and hierarchical divisions of codes for all keywords in 
combination with triangulation, totally classified into 710 codes of different categories in 
MISQ.  Finally, it analyzed characteristics of network structures formed by measurement 
indices produced by social network relation matrix data constructed by these authors and 
keywords.   

This study classified research data collected within 31 years into three phases, first 
phase 11 years, middle phase 10 years and last phase 10 years, compared first phase 
with subsequent 2 phases respectively (For the convenience of description, “three phases 
period” represents comparison among these three phases.)  It found out that co-research 
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network relationship among authors within three decades continuously grew up, being 
consistent with the development trends of other disciplines (Newman, 2001; Moody, 
2004).  Later on, when analyzing the distribution of articles published by authors, the 
percentage of authors in each article and the number of co-authors, it found that co-
research in articles was dominated by collaboration between two authors and collaboration 
among more than three authors appeared less; next, discussed possible implication of 
such results for research on development and diffusion of knowledge domains.  Analyzing 
co-research trends, we further advocated the development progress of each sub-domain 
in nine categories of keywords, and provided reference for discussion on possible 
development trends in future.  

For development of published articles in later period, when the number of authors 
publishing more articles (9 articles above) increased, this study verified network structures 
accumulated in each phase by using measurement indices in Small World and power law 
distribution network.  Findings included: Small World network structure was formed 
in research community structure before the end of early phase, and in much earlier 
phase, network structure was evolved into power law distribution model that highlighted 
preferential attachment.  

Section two was the description of relevant research literatures. Section three was 
the detailed introduction of data collection and disposal processes.  Section four was the 
discussion of analyzed results of this study.  Finally, section five discussed contribution, 
future direction and limitation of this study. 

2. Literature Review

2.1 Discussion on MIS study issues and discipline domains 

Management information issues and research trends had been constant focus and 
frequently discussed issue in this domain.  Due to continual development of information 
technology and endless innovation of enterprise operation, many scholars had issued 
articles concerning this domain on prestigious journals, attempting to depict history and 
development background of information management and further discuss trends and 
direction of research development, provide subsequent scholars the directions that they 
could strive for.  Relevant studies organized by this study were seen in the following table. 

Based on the data in Table 1, research articles could be roughly divided into 
two categories: One category took issues/subjects as main analysis objects, adopted 
classification and worked with time axis to depict the classification of research subjects 
in information management domain and changes over times.  Among articles of this 
category, they discussed used research methods, provided history development and 
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motives of information management research subjects through statistical analysis, and 
provided guides in research direction of future by making possible predictions of trends. 
There were a lot of such articles, e.g. ten articles listed in column 1, 4, 5, 6, 7, 8, 9, 10, 11 
and 12; articles in column 1, 5, 7, 9 and 10 discussing research methods.  In the review of 
MIS study and discipline development by Alavi and Carlson (1992), they analyzed issues 
related to classification, subjects and research methods in MIS articles; Prasad and Tata 
(2005) analyzed publication categories of MIS articles, compared article categories and 
analyzed issue information presented by the number of articles.  In the ninth article written 
by Claver et al. (2000), they focused on key issues and research methods, though covering 
studies about author material, only gave a basic statistics about the number of articles 
published by authors.

Another category of article took co-citation among disciplines and authors as main 
analysis approach, mainly discussing important domains and scholars in MIS study.  
Four articles in column 2, 3, 13 and 14 in above table covered researches related to these 
aspects.  For example, Culnan (1987) attempted to develop MIS intellectual mapping by 
using citation as analysis method, collecting data from 1972 to 1982 as analysis objects.  
His results showed that MIS obviously tended to develop toward cumulative tradition.  
Also, Grover et al. (2006) also studied similar issues by citation method, showing MIS 
had a certain cumulative tradition and exerted positive influence on other disciplines.  
However, in articles written by Wade et al. (2006), they also used citation analysis and 
proposed the opposite conclusions compared with citation analysis in other domains.  
Notwithstanding, currently, MIS was only a sub-domain in management discipline, 
because its cumulative experience can’t make it one independent reference discipline. 

Similar study discussions from above aspects were also seen in other disciplines, 
e.g. mathematics (Grossman, 2002), biology (Weitz, Benfey and Wingreen, 2007), 
physics (Yeung, Liu and Ng, 2005), particularly when Moody (2004) studied sociology 
domain by integrative comparison and analysis of co-author community published in 
articles and specialties of corresponding issues.  His article explained the relationship 
between history course and knowledge community in sociology domain from the view 
of knowledge diffusion.  Based on Moody and White (2003) and Whitley (2000), if two 
authors co-published articles, inference could be given that two authors shared relevant 
knowledge, cooperated and co-developed in similar research domain.  Furthermore, 
based on social influence opinion held by Friedkin (1998), research scholars could form 
structural cohesion through opinion exchange, issue research, method, execution and 
discussion in reality.  Therefore, understanding structural models of co-publish articles in 
research domain could benefit understanding formed structures and development course 
of different knowledge domains in specific discipline, or possiblly producing theoretical 
framework in such discipline (Moody, 2004).   
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2.2 Network structural analysis integrating authors/subjects/keywords 

2.2.1 Social network analysis 

Social Network Analysis (SNA) studied the relationship amid research actors.  Social 
network analysis tried to know about interpersonal relationship among actors and observe 
the influences exerted on individuals or organizations by this relationship (Wellman, 
1996).  Analysis of all characteristics in social network analysis mainly developed together 
with graphic theory, to generate relevant characteristic properties to represent roles and 
significance of actors playing in social network, meanwhile, applied graphic drawing to 
function as auxiliary analysis.  However, due to graphic drawing is too random or flexible, 
incurring difficulty in conducting strict analysis on math model, social network analysis 
graph needs a kind of drawing principles defined in more strict way.  Firstly, nodes had to 
define the number of used modes and link clearly described categories to be used.  Nodes 
or links must be clearly defined in their weights with colors matching the definitions, so as 
to realize the goal of assisting in analysis and identification.

Many different hierarchy and concepts were derived from graphic theory, 
summarized as follows: 

Social network method was applied into analyzing application of network dynamics 
and field evolution.  Abel, Bryan and Norman (2000) pushes the analysis hierarchy 
from simple histogram into dynamic image that helps readers intuitively understand 
analysis method compared with only demonstrating statistical figures.  Since sociogram 
is introduced by Moreno for the first time, social network had been expanded into visible 
use (Brandes, Raab and Wagner, 2001, Moody, Mcfarland and Bender-Demoll, 2005).  
More articles started focusing on social network analysis to discuss development process 
and pattern of communities.  For example, Powell et al. (2005) applied social network 
analysis to discuss collaboration network dynamics inside life science organization and 

Table 2   Levels and Concepts of Social Network Analysis Methodology

Concepts/Levels Whole Network Sub-network Ego (Individual) Measures

Links

Cohesion: 
→ Density
→ Average Distance
→ Centralization

Group
→ Clique
→ n-clique
→ k-plex
→ k-core 
     (cohesive group)

Ccentrality
→ Degree centrality
→ Closeness centrality
→ Betweenness centrality
→ Structural hole constraint

Equivalency
Structural equivalence
Regular equivalence

Structural equivalence
Regular equivalence

Structural equivalence
Regular equivalence
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such domain evolution.  Moody (2004) applied social network indices into the observation 
of framework of social and scientific collaboration network.  Newman (2001, 2004) also 
applied social network into analysis of framework of scientific collaboration framework.  
All literatures mentioned above adopt social network analysis to discuss development 
patterns of communities.  By inheriting this concept and method, this article will use 
social analysis to analyze MIS research community and its knowledge evolution process. 

2.2.2 Small-world network structures

Watts and Strogatz (1998) proposed a Small-World theory, indicating its structure 
was neither a completely routine-based nor fully random one, but a balance mode mixing 
chaos among one of two routines.  Many networks often seen were small world networks, 
e.g. global information network, food chain in ecological system, business connection 
network in economic activities, connection network in human brain neurons and molecular 
interaction inside cells (Watts, 1999).  In studies on small world network, cluster 
coefficient (CC) and average path length (APL) were two indices measuring small world 
phenomenon in network.  For single author, CC was used to calculate the percentage of 
his attachment accounting for all possible connected authors.  When discussing network 
cluster characteristics in paragraph 4.2 in this article, CC value in whole network was 
used to calculate the mean of CC for all authors in the network.  APL in whole network 
calculated the sum of route lengths linking any two authors in network being relative 
to that of route lengths linking all authors. These two indices were used to compare 
closeness/intimacy of this network structure.  

Based on the studies by Collins (2001) and Davis (2001), if the studied discipline 
developed fast, researchers had disperse specialty, research methods and expense resources 
were diverse, the mode of collaboration study should be highly and regionally clustered.  
It meant that if collaboration research acted so, the mean route length between two authors 
could be small; the studied community could form a small world network (Milgram, 1969; 
Watts and Strogatz, 1998, Watts, 1999).  This typical collaboration research structure 
incorporated many separated cluster networks.  Because there was a high cohesion in 
research basis (theory) inside community, and a close linkage among authors inside 
networks, total APL in cross-fields could be larger, leading to difficulty in integration of 
researches among different clusters (Moody, 2004).  In studies by Moody, small world 
network was used to describe development structure characteristics in sociology research 
field. 

2.2.3 Power-law network structures

Verifying collaboration network being a link network following scale-free power 
law distribution or not is another approach to describe structural characteristic of 
collaboration study (Barabasi, Albert and Jeong, 1999; Newman, 2000).  Based on power 
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law distribution discovered by Barabasi et al. (1999, 2002), they found its link is centrally 
skewed.  That is to say, a highly linked hub will generate in network structure.  If referring 
to collaboration network study, this hub author was a star author who directly or indirectly 
worked with a majority of people.  If referring to keywords, the hub meant a key term or 
concept used in each article. 

Previous literatures pointed out that few famous scientists may become cores of 
expert collaboration network, other scientists could connect with networks through active 
individuals in communities (Crane, 1972).  Preferential attachment inclination can explain 
modes of appearing in heterogeneous network framework and attachment distribution 
of power law (Dorogovtsev and Mendes, 2000).  Central position can explain why core 
scientists spread information in communities rapidly.  Newman (2001) strongly asserted 
himself that collaboration could turn into status creator, and further calculated who was a 
scientist with optimal attachment.  If network distribution linking co-authors was attached 
to few active researchers (star researchers, who may cohere a lot of research expenditure 
and resources due to his popularity and academic reputation, and gathered many following 
students and co-scholars), his expertise and knowledge could affect the development of 
specific discipline within a short time, presenting it in article structures of co-research.  
This collaboration network could generate an unevenly distributed collaboration network 
pattern centralizing star scholars (Merton, 1968; Crane, 1972; Cole and Cole, 1973; 
Zuckerman, 1977; Allison, Long and Krauze, 1982).

Thus, co-research link network that fits power law distribution developed in mode of 
preferential attachment, leading to the emergence of “the Rich Richer.”  When one author 
had many attachments, new attachments were easily produced.  If network was distributed 
conforming to preferential attachment, collected data could be used to observe distribution 
curve of power law, thus after the power was converted properly, the power distribution 
map could turn into data distribution in linear way.  Moody (2004) also adopted the 
preferential attachment mode to discuss whether co-author had star author attached to 
it or not in research of sociology field.  However, verification conducted on power law 
distribution curve tended to convert the curve actually distributed into log-log, and check 
conformity of the distribution with straight lines by means of regression analysis.  The 
number of power in power law reflected convergent-skewed degree, namely, straight slope 
of straight lines after conversion. 

Making use of structural characteristics in two networks mentioned above, this study 
aimed to understand different opinions and visions concerning MIS development modes.  
Firstly, this study described the changes of co-author community structures in MIS 
articles, tried to know about development mode in MIS research in past 31 years.  Because 
when nodes and links exceeded 100 in network, difference in network complexity in 
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reality was unable to be identified by structural graph.  Structural indices mentioned above 
could be used for easy identification.  

Moreover, this study shifted knowledge about co-author network into a wider scope 
of analyzing MIS research issues, through analyzing network structural characteristics, 
to discuss issue/keyword network formed in keyword categories in articles, thus, 
provided dimensions of research issues generated by keywords categories, understood 
structural forms and structural changes of MIS research subjects appearing in different 
domains/subjects within 31 years, with the expectation to provide holistic and integrative 
understanding of knowledge development about MIS research community. 

This study discussed whether information management field had small world 
network clustered phenomenon.  Compared with disciplines with long history that 
already completed similar research, was there a significant difference on structures?  
Thus, these two structural indices were used to discuss the structural difference of author 
community in whole discipline and structural differences among different categories 
within such discipline that was specifically referred to information management in the 
past 30 years.  Through structural comparison and description, it did not only provide a 
broadened understanding of structures and veins in whole disciplines, but also provided 
other scholars in different disciplines understanding of information management research 
development and a map of collaboration modes.  

3. Research methods

To understand MIS collaboration network and knowledge development, this study 
took information management literatures published previously as analysis objects, and 
conducted social network analysis on these literatures.  In this section, research steps and 
methods, including data collection, data construction and keyword classification, were 
introduced. 

3.1 Data collection

Due to rapid development of IT industry and demands for IT industry, as well as 
rapid growth of information management research, this study believed there is a necessity 
to discuss development patterns of MIS research, thus, chosen journals in MIS field 
as research objects.  According to ranking survey made on information management 
journals in the past (Gillenson and Stutz, 1991; Katerattanakul et al., 2003; Peffers and 
Ya, 2003; Lowry et al., 2004; Saunders, 2005), it found some representative journals 
in information management discipline such as MIS Quarterly (MISQ), Journal of 
Management Information Systems (JMIS), Journal of the Association for Information 
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Systems (JAIS), Information Systems Research (ISR) and Decision Support Systems (DSS).  
Due to our limited resources, we only picked up MISQ journal as research object. We 
collected articles published in MISQ from 1977 to 2007, totally covering 738 articles and 
1012 authors. Collected data included article title, author, keyword, publication date and 
abstract.  Though only MISQ journal taken as research object, as a leading role in MIS 
research journals, its application into this explorative research to discuss patterns of MIS 
literatures should be representative. 

3.2 Classification of keywords 

To create consistent keywords from resembled ones, this study was based on 
one keyword classification table issued by Barki et al. (1988) in MIS Quarterly as 
classification framework.  In their study, keywords in information management study were 
classified into reference discipline (A), external environment (B), information technology 
(C), organizational environment (D), information system (IS) management (E), IS 
development and operations (F), IS Usage (G), information systems (H) and IS education 
and research (I), many sub-domains divided under these nine categories.  Later on, Barki 
et al. (1993) modified this framework but there was basically the same.  In recent years, 
research about information management issues classification also adopted this classification 
framework, e.g. Alavi and Carlson’s (1992) analysis was based on this framework. 

Among 738 articles published in MISQ journal from 1977 to December, 2007, 29 
articles didn’t involve keyword codes, mainly discussing responses of published papers.  
Regarding to collected keywords, for 29 articles providing no keywords by the author, the 
coders didn’t add any keyword for these articles by themselves.  Considering the number 
of such articles should not affect analysis of overall tendency, among 709 articles deducted, 
it acquired totally 3,670 keywords involving authors, 2,275 for non-repeated keywords.

Among organizing captured keywords, if deducted keywords in singular and plural 
forms that obviously repeated, e.g. impact and impacts; semicolon(-), e.g. Decision 
Making and Decision-Making; phases using adjective and noun meaning the same, e.g. 
Organizational change and Organization change and abbreviations like IS and Information 
System(s), such repeated keywords were identified as 93, thus 2,182 non-repeated 
keywords were left.  Among these keywords, 461 phases were totally conforming to 
code phases in MISQ journal, after deduction, 1,721 phases were left, requiring manual 
identification and classification.  Furthermore, among 188 articles collected from issue 
3, volume 8 in 1994 to issue 3, volume 27 in 2003 of published articles in MISQ journal, 
original coders provided 786 codes corresponding to MISQ codes among 848 keywords 
contained in 153 articles; it also included 374 different codes. In the rest 35 articles, 5 
articles didn’t have keywords, so 156 keywords provided in 30 articles  together with 
keywords of articles issued in other date adopt were coded manually. 
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This article made keywords in MISQ articles coded manually by following 
triangulation coding.  Firstly, invited experts in information management discipline 
to conduct coding work independently, to classify each keyword into one code in 
the classification framework.  One article may be classified into several categories.  
Sometimes, if the same keyword was applied into different articles, it may be presented 
in different domains, e.g. database design may represent CB06 in software category in 
C category under computer science issue.  However, the same keyword may appear as 
FB0401 in system design category in F category under IS development issue.  At this 
time, classification operators must read abstract and even text to identify which category 
keyword was belonged to.  During classification, if coders can’t find suitable codes in the 
lowest category, they will use code in upper class in order, finally may choose one class 
from A to I in nine categories.  

In order to ensure the reliability of classification work, this research used the inter-
rater reliability to test the reliability of classification work and used the Kohen’s Kappa 
coefficient as an index for reliability measurement.  Kohen’s Kappa coefficient could 
avoid the coincidence caused by probability factor to evaluate the reliability of two 
independent coders’ coding result (Krippendorff, 1980; Weber, 1985; Liang and Chen, 
2005).  If the Kappa coefficient is more than 0.8, it means almost perfect agreement, 
indicating that the two coders’ coding results are almost completely the same; if the Kappa 
coefficient is 0.6-0.8, it means substantial agreement; if the Kappa coefficient is more than 
0.5, it means moderate agreement (Landis and Koch, 1977).  In this research, the code 
reliability is 0.520 and the significance level is .000, indicating that the code reliability is 
within an acceptable range.  After confirming that the code reliability is all right, invite a 
third researcher to reconfirm the keywords of the two coders’ different codes, and finally 
establish the network analysis data based on the codes confirmed by such third researcher. 

Codes of original coders in MISQ and results of manual coding were combined for 
use.  3,607 keywords were classified into 710 codes under MISQ nine categories.  The 
nine categories in coding list were seen in Table 3.  After non-parametric Wilcoxon Signed 
Ranks Test finishes, Z-value is -2.666 and significance is 0.008 at 2-tailed, indicating there 
is no significant difference between classification produced by this article and that given 
by MISQ. 

With respect to authors collection, though they published articles in only one journal 
within 30 years, confusion was still incurred because the name of same author was written 
with middle name initial or not in articles sometimes.  In this case, one solution often 
adopted was to identify the article list of this author to confirm he was the same author by 
searching his website.  Totally 1,012 different authors were covered among 738 articles. 
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3.3 Construct analysis network data 

This study took social network analysis as analysis tool.  Firstly, we analyzed 
structures of collaboration network and keywords from standpoint of 1-mode, described 
interactive actions in communities and compare structural changes by social network 
indices constructed, SNA research and data analysis.  After data were collected from 
MISQ journals, this journal was regarded as one social community network.  Communities 
were interconnected with each other due to nodes and ties.  Each author was regarded as 
node in communities.  If two authors kept collaboration relationship, a tie will appear in 
collaboration relationship.  Construction of keywords applied the same principle.  

Because collected data has spanned 31 years (1977-2007), considering the thorough 
investigation of co-author statistics and comparison in different keyword domains, this 
study imitated Moody (2004) to divide data collection into three phases; first phase is 11 
years, 10 years for each phase in subsequent two phases.  Comparison was made in three 
phases.  Regarding analysis of structural indices, because network structure experiences 
a cumulative process, to effectively observe change trends of structural indices, we 
measured network indices accumulated every three years, so as to investigate the structural 
changes of network structures over time.  Because the data quantity was accumulated till 
31st year, a network structure cumulated in 31 years rather than in 30 years was applied 
into measurement of last structure index. As to analysis of network structure, firstly, 

Table 3   MISQ Journal Keyword Classification Scheme Summary

Keyword Classification Scheme MISQ Original 
Coded Keywords

Keywords Coded 
by this study Sub-total

A. Reference Disciplines 248 638 886

B. External Environment   29   95 124

C. Information Technology   14 103 117

D. Organizational Environment   79 212 291

E. IS Management 174 667 841

F. IS Development and Operations   59 438 497

G. IS Usage   60 165 225

H. Information Systems   80 414 494

I. IS Education and Research   43   89 132

Total 786 2821 3607
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convert co-publication relationship of authors into matrix in network relation, seen in map 
in left side of following table.  Codes of authors were written on titles of different rows 
and lines, recording the times of co-publication within statistical period in middle table.  
Because collaboration was direction-free, only triangle data in right upper side of matrix 
is recorded.  When convert authors and keywords into network relation matrix, the title 
on first line was modified as matrix, in the same way, the times of using keywords in the 
same class to publish articles by the authors was recorded into data grid. 

4. Research results and findings

4.1 Co-MIS research trends 

Collaboration network forming was limited by the distribution of articles published 
by authors and the distribution of number of co-authors in one article.  Figure 2 showed 
the distribution of all articles published in any pattern in MISQ from 1977 to 2007 
(including articles having single author).  In holistic view, with the prolongation of 
research development, trends of co-publication gradually increased year by year, e.g. its 
average is 57% in earliest 11 years (1977-1978), and reached 79.6% between 1988 to 
1997, and even achieved 88.3% in recent decade (1998-2007).  Furthermore, the average 
percentage of co-publication (excludes single author) within 31 years was 75.1% and the 
number of authors in each article was averaged 2.13.  Within three ten-year’s phases, the 
average is 1.69 in earliest 11 years, 2.27 in next decade, and 2.39 in recent decade, which 
was equivalent to 2.2 in computer science field. However, it was still lower compared 
with the average of 2.7 in sociology field from 1989 to 1999 (Moody, 2004) and 8.9 in 
high-energy physics (Newman, 2001).  Seen from the lower number of co-authors in 
one article, it may reduce the size of clusters possibly formed through collaboration.  
Therefore, inference may be made that MIS research is still at developing stage in terms of 

1 2 3 4 5 …

1 1 2 1 1

2 0 0 0

3 0 1

4 3

5

…

Co-Author Linked Matrix

1 2 3 4 5 …

A 0 1 2 1 1 

B 1 0 0 0 2

C 1 0 1 0 1

D 0 0 2 1 1

E 1 0 1 1 1

… 1 0 1 1 1

Author-Keyword Scheme Linked Matrix

Figure 1   Example of Network Relation Matrix Construction
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integration knowledge; however, collaboration trends and diffusion of domain knowledge 
were continuously rising. 

In Figure 2, “Collaboration Percentage” meant the percentage of articles with 
two or above authors accounting for overall articles within the year, which was used 
to calculate the percentage of co-author quantity in C item in Table 4.  “Mean Author 
Quantity” meant average co-author quantity in all articles within the year.  Based on data 
in Figure 2, item statistics was organized in Table 4, which integrated three items trends 
and their comparisons within three phases’ period, with data accumulated 31 years being 
underlined.  Three trends included “Percentage of Article Quantity Published by Authors”, 
“Percentage of Authors in Each Article” and “Percentage of Co-Author Quantity.”  To 
benefit indication and description, three items were marked as A, B and C respectively in 
front side. 

Based on results shown in Table 4, for A-Percentage of Article Quantity Published 
by Authors, 75.1% authors only published one article in MISQ, 12.85% authors published 
two articles.  With the increase of article quantity issued by each author, the author 
quantity sharply reduced.  The above trend was also seen similar case in each phase within 
three decades.  It may expect that authors with more articles accumulated within 31 years.  

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

Year

0.50

1.00

1.50

2.00

2.50

3.00

Co-Author Ratio

Average Authors/Article

A
v
er

ag
e 

 A
u
th

o
r 

N
u
m

b
er

s

C
o
-A

u
th

o
r 

R
at

io

Figure 2   Yearly Average Authors and Co-author Ratio of MISQ Journal 

07-03.indd   99 2010/9/28   下午 11:38:51



100    Jyun-Cheng Wang, Chui-Chen Chiu, Ching-Hui Chang
Ta

bl
e 

4 
  D

is
tri

bu
tio

ns
 o

f A
ut

ho
r a

nd
 C

o-
A

ut
ho

r i
n 

M
IS

Q
 J

ou
rn

al

A
- R

at
io

 o
f e

ac
h 

au
th

or
’s

  
ar

tic
le

 c
ou

nt
s 

B-
 R

at
io

 o
f e

ac
h 

ar
tic

le
’s

  
au

th
or

 c
ou

nt
s

C
- R

at
io

 o
f  

C
o-

A
ut

ho
r 

ar
tic

le
s

Pe
rio

d/
C

ou
nt

19
77

-
19

87
19

88
-

19
97

19
98

-
20

07
19

77
-

20
07

19
77

-
19

87
19

88
-

19
97

19
98

-
20

07
19

77
-

20
07

19
77

-
19

87
19

88
-

19
97

19
98

-
20

07
19

77
-

20
07

0
-

-
-

-
-

-
-

-
24

.1
2%

7.
69

%
4.

18
%

9.
78

%

1
82

.3
2%

78
.5

5%
78

.4
2%

75
.1

0%
43

.2
2%

21
.3

2%
11

.0
7%

24
.9

3%
41

.4
8%

34
.9

7%
33

.4
1%

34
.0

9%

2
11

.2
5%

12
.5

9%
14

.6
2%

12
.8

5%
54

.6
6%

70
.5

4%
77

.4
6%

67
.7

5%
20

.5
8%

25
.8

7%
28

.5
4%

25
.7

9%

3
  4

.1
8%

  5
.5

9%
  4

.1
8%

  5
.7

3%
  1

.2
7%

  6
.2

0%
  9

.4
3%

  5
.6

9%
  6

.7
5%

12
.5

9%
16

.7
1%

13
.3

4%

4
  0

.9
6%

  1
.6

3%
  1

.1
6%

  2
.5

7%
  0

.4
2%

  1
.5

5%
  2

.0
5%

  1
.3

6%
  3

.8
6%

  9
.0

9%
  7

.4
2%

  8
.6

0%

5
  0

.3
2%

  1
.4

0%
  0

.4
6%

  1
.6

8%
  0

.4
2%

  0
.3

9%
  0

.0
0%

  0
.2

7%
  2

.5
7%

  3
.5

0%
  4

.1
8%

  3
.0

6%

6
  0

.3
2%

  0
.0

0%
  0

.7
0%

  0
.9

9%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  3
.0

3%
  1

.6
2%

  1
.0

9%

7
  0

.0
0%

  0
.2

3%
  0

.0
0%

  0
.1

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.9

3%
  1

.3
9%

  1
.0

9%

8
  0

.6
4%

  0
.0

0%
  0

.0
0%

  0
.2

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.9

3%
  0

.9
3%

  0
.7

9%

 9
+ 

  0
.0

0%
  0

.0
0%

  0
.4

6%
  0

.7
9%

  0
.0

0%
  0

.0
0%

  0
.0

0%
  0

.0
0%

  0
.6

4%
  1

.4
0%

  1
.6

2%
  2

.3
7%

N
31

1
42

9
43

1
10

12
23

6
25

8
24

4
73

8
31

1
42

9
43

1
10

12

07-03.indd   100 2010/9/28   下午 11:38:51



                                  
The Analysis of MIS Collaboration Research Networks and Research Issues Structure  101

However, in recent decade (1997-2007), the percentage of authors publishing more than 
9 articles greatly rose, so an inclination that start authors gather and cooperate into study 
may appear.  This trend can be validated by conforming to network structure of power law 
distribution. 

As to B-Percentage of Authors in Each Article, 25% articles only had one author, 
68% articles had two authors, showing that co-publication by two authors was dominant 
in MISQ articles published and gradually rose over time.  The same trend was also seen 
in co-publication by more than three authors, which gradually increased with knowledge 
accumulation and development of study.  If compared with C-Percentage of Co-Author 
Quantity, at initial stage of MIS development (1977-1987), the percentage of single author 
(24.1%) plus two authors (41.48%) in co-publication had exceeds 65%; in next decade 
(1988), the trend that author worked with others starts growing, collaboration team by 
two authors maintains 1/3 at most.  However, the publication of single author obviously 
decreased and spread into other fields where the number of co-authors was large.  It 
showed collaboration research and discipline knowledge were constantly developing and 
diffusing. 

4.2 Research keywords classification/development of theme sub-domains and 
analysis of collaboration research 

The list of co-author statistical distribution under keywords of articles and second 
tier of MISQ keywords classification within three decades was seen in Table 5.  First and 
second row symbolized classification code and representative keyword in second tier of 
MISQ keywords; 64 sub-domains were listed totally under (AZ), (BZ), (CZ), (DZ),(EZ), 
(FZ), (GZ), (HZ) and (IZ).  Because when keyword classification was coded, no 
corresponding classification codes were found in categories below second tier in original 
MISQ classification codes.  So, we classified keyword into first tier in (A-I) according to 
abstract of articles.  For example, “Online Use” had no proper sub-domain in original code 
(G, Computer Usage), so it was classified into code (G).  However, to avoid calculation 
problem of upper-hierarchy and subordinate-hierarchy in below table, code (#Z) was 
uniformly applied to each problematical case.  Thus, keywords below #Z code may be 
keywords depending on overall sub-domains at initial stage or those in need of adding 
sub-domain codes under #Z code or represent the quantity of articles possibly applied to 
develop into new sub-domains. 

Third line in the table showed articles within 31 years that are described by 
three phrases and summed according to keywords listed by authors, listing figure and 
percentage in each sub-domain.  The times of a certain keyword occurring in specific 
category were braced, with the percentage of such keyword in relative to total keywords 
within one decade next to it.  Because this table took keywords in second tier as statistical 
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basis, if multiple keywords belonging to third tier appeared in second tier for one article, 
it was limited by calculating once keywords codes in second tier in the article, avoiding 
repeated calculation of times article appearing in the classification, thus benchmark in sum 
was 2720, lower than original keyword quantity.  Because limitations by table size and 
convenience for demonstration, three phases were shown by P1 (77-87), P2 (88-97) and 
P3 (98-07) respectively. 

Forth line calculated percentage changes of specific keyword within three ten-year 
period, indicating that the percentage of such keyword accounting for overall keywords 
from P1 to P2 and from P2 to P3 increases or decreases.  Fifth line showed the percentage 
of articles with more than two authors who used specific keyword within 31 years, 
calculating in current category, the percentage of articles with two or above authors using 
such keyword.  Sixth line compared trends of co-publication article from P1 to P2 and 
from P2 to P3.  Furthermore, categories and figures mentioned in following paragraphs 
were marked in bold in the table for the convenience of comparative reading.  Discussion 
of development trends in each category are described as follows. 

4.2.1 Development of reference domain

Firstly, (A) class was the code of discipline in reference domain of research, 
appearing at highest percentage among overall articles. As to sub-domains under (A) 
class, Research (AI) was definitely listed on top, because a majority of authors often 
marked research methods, framework, mode and statistical methods as keywords.  The 
ranks following by management theory (AF), behavior science (AA) and decision science 
far ahead from information theory were listed on fifth position. Only 4 keywords involved 
development of new sub-domain.  

When analyzing growth of the number of published articles within three ten-year 
period, the articles occupying fastest growth in each phase (in relative to total number in 
the same phase) were classified into research class. Subsequent rankings showed focus 
shifts in research sub-domains.  From P1 to P2, the second highest in growth ratio is 
information theory (AD), followed by artificial intelligence (AL); from P2 to P3, the 
second highest in growth ratio is decision science (AC) followed by behavior science 
(AA).  But management theory (AF) shows negative growth in each phase. 

Regardless of the quantity of articles published or co-author trends, more efforts 
should be paid to develop application and discussion on relevant theory in more complex 
environment, e.g. politics, sociology and ecology.  Additionally, there were 4 keywords 
in AZ in total, indicating that reference discipline domains add in limited way or codes 
in original domain are already complete.  As for ratio of co-authors, deleting the ratio 
involving too few authors, it was evenly distributed in the whole.  Within three phases, 
collaboration study growth is conforming to quantity growth.  
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4.2.2 Domains with steady growth

After understanding the trends and changes of theoretical framework of reference 
disciplines used, we reviewed the subjects in sustainable and steady domains in whole 
study.  Firstly, (E) category in IS management issues was close to (A) category, with 
keywords used at most.  There were 13 sub-domains in (E) category, making it become 
second largest domain next to (A) category. Under (E) category, the top three sub-
domains were sequenced as: IS evaluation (EI), IS plan (EF), IS management issue 
(EL). IS evaluation (EI) issues grew steadily in first two decades, though fallen down 
in recent decade, and still ranked on top in sub-domains.  The development trends of 
this issue should be gradually convergent whereas have continuously outputs in some 
periods. IS plan (EF) issue dropt down in terms of article quantity and collaboration 
research trend, indicating relevant issues had limited space in development. In the 
opposite, IS management issue (EL) showed steady growth in terms of article quantity and 
collaboration research trend. 

Category (H) involved study on information system categories and object-
related issues, second only to category (E) and category (F).  Due to increase of system 
application category, relevant issues and collaboration research trend in category (H) show 
constant growth.  Sub-domain (HA) categories of Information system took priority over 
other sub-domains under category (H), e.g. transaction system, Email system, MIS system 
and DSS system.  Almost keywords were derived from MIS system and DSS system 
from 1977 to 1987, whereas, tended to be evenly distributed in recent decade.  Though 
research in such sub-domain tends to decrease, its productivity was substantial in recent 
decade. Under application system (HB) sub-domain being industry-specific, the second 
largest in (H), e.g. financial system, marketing system and production system, showed 
gradual rise in terms of article quantity and collaboration research tend in each decade.  
It should attribute to increase and development of profound application issues following 
specialization of application characteristics in information system industry, meanwhile, 
call for professional talents introduced for the purpose of collaboration. 

4.2.3 Domains with gradual slow-down 

As the second largest domain in aspect of research quantity in the past, category 
(F) surrounded software and application system development issues.  In holistic view, 
system development issue (F) showed decrease both in article growth and co-author 
research trend.  Its research articles were accumulated in first decade, and the number of 
overall application system development (FZ) was cumulative in early period by applying 
keywords, thus the same for IS management (EZ).  That is to say, development methods 
and methodologies research in information system development domain have been 
matured. 
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Category (G) was the forth research issue, discussing categories of computer 
application.  There is a small gap between organizational use of IS (GA) and IS user 
(GB).  When correspond these two sub-domains to those under A category-reference 
citation fields, it can reflect theoretical basis sources and issue directions discussed in the 
past research.  However, the growth tend of article quantity and the ratio of knowledge 
diffusion under co-author research both develops slowly within three phases, among them, 
decrease of organizational use of IS (GA) is higher than IS user (GB), particularly shown 
in trend of author collaboration. 

Under category (C) -- computer science (technology), its ratio in relative to overall 
ratio is only about 3.4%, listed in the last three sub-domains together with BZ (external 
environment) and information education and research (IZ) among all sub-domains.  
Category (C) grows negatively in three phases.  The ratio of co-author slows down in 
hardware (CA) and decreases in software (CB), showing that information management 
issues are gradually separated from information technology development issue. 

4.2.4 Domains with gradual growth 

Under category (G), computer usage (GZ) adds new categories of usages, 
particularly in recent decade, the development of new issues and author collaboration 
grew more significantly, which indicated that computer usage will pose new research issue 
direction and space. 

Category (I) was related to information education and information management 
research issues. Research issues organized in this study into Table 1 were classified into 
sub-domain information research (IB), covering most keywords under articles in this 
category. Information management research framework and mode belong to this sub-
domain.  Though the research ratio decreased from phase1 to phase 2 in relative to that 
in whole phases, in recent decade, the number and phase ratio in this research issue 
multiplies greatly; the ratio of co-author research was higher than that in whole MIS 
ratio.  In different phases, compared with that of first two phases, co-author research grew 
slightly in recent decade.  When MIS research accumulated up to a certain level, research 
issue, field category, strict narration and modes of research methods and discipline 
orientation could come to the surface.  

Category (D) involved environmental issues inside organization, its number 
second only to the three domains above.  Discussion was mainly made on sub-domain 
organizational dynamics (DD) that grew significantly within one decade.  Similarly, 
collaboration research also increased with historical accumulation.  Next to it is 
Organizational characteristics (DA) sub-domain that increased in its number whereas the 
increasing tend of co-author research slowed down.  Summarizing the growth of keywords 
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in sub-domains mentioned above that seldom discussed by main-streams, in combination 
with growth inclination of co-author research, it is expected that issues related to 
organizational dynamics (DD) and social environment (BD) couldhave constant growth. 

4.2.5 Others 

Category (B) mainly involved outer environment with a small number, including 
four sub-domains, among which, studies on social environment (BD) and economic 
environment (BA) were listed on first and second regardless of sum in whole phases 
or number in each phase and co-author research ratio, however, growth ratio in social 
environment studies gradually rose, for economic environment, it gradually slowed 
down; collaboration research ratio also increased in both sub-domains.  There was only 
1 keyword in BZ, its research quantity and growth tends smaller than those of other sub-
domains.  

Another issue field worthy of discussion was IS management (EZ), its quantity 
equivalent to that of IS plan (EF), mainly appears in early phase.  After investigation one 
by one, the number of keywords in EZ mainly appeared in early phase of study, differing 
from other domains that are classified with keywords due to emergence of new issues.  In 
early phase of study, because many articles directly applied MIS and IS management as 
keywords equivalent to those under category (E), they were classified into domain (E).  
Therefore, in early phase of study, MIS was regarded as one keyword in holistic concept, 
and gradually produced depth and width of discipline through development and diffusion. 

4.3 Clustering characteristics in collaboration research network structures  

4.3.1. Investigation of Small-World network 

This study applied cluster coefficient and average path distance proposed by Watts 
(1999) to measure Small-World network as two indices and identify whether small-world 
exists in collaboration network. 

Because dimensions of network world was a relativity comparison, this study 
imitated Moody (2004) and Newman (2001) to compare randomized network produced 
by nodes and links equivalent to those in network in each phase in MISQ.  Following 
procedures advocated by Pajek 1.24 version (Batagelj and Mrvar, 2006), this study 
input identical nodes and links into system that produces link network (if the number of 
authors is cumulative up to 231 in 1985, the number of collaboration links will be 148).  
Then measured CC and APL value in random network and compared such values with 
measurement indices produced in MISQ author network in reality.  Comparing differences 
on cluster coefficient and average route distance with randomized control network, the 
degree of small-world in MISQ author network could be demonstrated, results shown in 
Table 6.  Table 6 divided 31 years into 10 phases (1977-2007), three years taken as one 
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phase, four years in last phase, to understand development process of network structures 
from beginning to 2007 in whole network. 

Development of author collaboration structures in MISQ articles were divided into 
three periods, being consistent with that described in section 4.1; first period extended 9 
years from 1977 to 1985 covering three phases.  In the first phase, APL (Average Route 
Length) in author collaboration network was far lower than structural value in random 
network, showing that the number of author collaboration is small (refer to Table 4) and 
the collaboration link is limited by small fragmented clusters detached to each other with 
few core authors connected with different collaboration clusters, thus it is different from 
ordinary small-world.  In Figure 3, author collaboration structural graph in 1985 showed 
that collaboration was possibly based on original author relationship network, may appear 
at beginning of specific discipline or field development.  Second period is next 9 years 
and collaboration structure was cumulative from 1977 to 1988, from 1988 to1991 and 
from 1991 to 1994, matching the increase of collaboration ratio in Table 4 in section 4.1. 
CC and APL values in network structures showed significant rise, indicating that except 
the number of collaboration authors and the ratio of collaboration network increase, the 
scope of collaboration clusters appears wide extension.  In Figure 4, author collaboration 
structural graph in 1994 showed that numerous medium and small-scale collaboration 
networks were produced in network structures and one large-scale core collaboration 
network forms.  Structures in this period demonstrated relationship of research authors 
starts diversified. Third period referred to the last four phases, with collaboration 
structures cumulated starting from 1995 and ending in 2007. In this period, compared with 
last period, CC value in network collaboration structure rose slightly.  After 1997, network 
structures inclined to robust growth.  In 1997, APL was close to that of randomized 
network and equals to CC, showing steady and non-significant changes. Therefore, in 
each phase of this period, though a large amount of new authors constantly participated 
in collaboration, its affect on APL and CC is small.  Community network researched 
subsequently strengthened and grew up constantly under original network structures.  In 
Figure 5, it is seen from author collaboration structural graph in 2007 that the large-scale 
collaboration network forming through accumulation was composed of numerous small 
and medium cluster networks that are linked by several author points.  Collaboration 
structure in this period was conforming to judgment criteria of Small-World network 
structures (CC value in network structure is significantly higher than that of random 
structure whereas APL is larger or closer to that of random structure.)  The formation 
of small-world phenomenon may symbolize gradual cohesion of different domains in 
concerned discipline. 

4.3.2 Power law distribution structure analysis 

This study demonstrated graphic distribution by mapping out the relationship 
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Figure 3   1977-1985 Cumulated Co-Author Network Structure of MISQ Journal

Figure 4   1977-1994 Cumulated Co-Author Network Structure of MISQ Journal
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between author collaboration quantity and author collaboration ratio, after log-log 
conversion, verified whether the distribution conforms to linear distribution by adopting 
regression analysis, and checked whether collaboration research distribution in each phase 
fits power law distribution or not.  That is to say, small-world network structure in MISQ 
authors was formed depending on whether the links of preferential attachment mode to 
start authors exist or not. 

Distribution of MISQ author collaboration link networks in reality was seen in 
Figure 6, where horizontal axis represented the number of collaboration link authors, 
called the degree in network analysis, and vertical axis referred to the number of authors 
owning such degree.  Because the degree of authors without collaboration is 0, when 
verifying power law, it needed to conduct log conversion for avoiding mathematical 
problem.  Therefore, all degrees were added with 1 to avoid errors of log conversion.  The 
coordinate used degree+1 to show displacement.  Data were demonstrated in the same 
manner used in small-world network: draw a cumulative distribution map in every three 
years until 2007, 10 phases in total.  Figure 6 showed ten phases developed over time and 
gradually inclined to curve map of power law distribution.  Seen from graphic changes, 
the inclination to power law distribution was significant after 1985, that is to say, with 
time accumulation, more and more core link points were produced in networks and these 

Figure 5   1977-2007 Cumulated Co-Author Network Structure of MISQ Journal
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Figure 6   Co-Author Distribution of MISQ Journal
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MISQ Co-Author Networks Random Co-Author Networks

Figure 7   Log-Log (Frequency vs. Degree) Scale of MISQ Co-Author Distribution
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MISQ Co-Author Networks Random Co-Author Networks

Figure 7   Log-Log (Frequency vs. Degree) Scale of MISQ Co-Author Distribution 
(conti.)

07-03.indd   117 2010/9/28   下午 11:38:54



118    Jyun-Cheng Wang, Chui-Chen Chiu, Ching-Hui Chang

points referred to start authors.  Because star authors highly connecting with each other 
was essential for whole structures of research network, these authors played un-ignorant 
influence on the development direction of whole research field.

In Figure 7, it drawn and compared log-log size distribution map between actual 
author collaboration link network and randomized network.  Randomized network 
produced convex curve distribution, far from conforming to linear distribution.  In actual 
author collation network, in second phase at the beginning, from 1977-1979 and from 
1979-1982, linear regression verification was of no significance, however, when being 
cumulative, after 1985 significance of linear regression conformity was 0.001, and 
maintained 0.000 from 1998 to 2007, and finally in 2007 power formula was seen as 
follows:

Log(P(k)) = −2.1661Log(k) +1.444 (7)

Distribution index is -2.166, showing that the concentration of representing power 
law distribution can be used as comparison benchmark in power law distribution for other 
journals or disciplines in future.  Linear regression in randomized network always didn’t 
reach acceptable significant level.

Known from the above data collected, at the beginning of development, this research 
field naturally produced preferential attachment network structure.  After accumulation 
for 9 years in MISQ, star author network that fits power law was formed, and continued in 
subsequent development of collaboration research network. 

5. Conclusion and discussion

5.1 Contributions 

After discussing changes of collaboration structures in scholar community within 31 
years, though there is a gap between MIS and other disciplines with long history in terms 
of collaboration research ratio, the community collaboration development, knowledge 
diffusion and field development in MIS were constantly moving forward.  Through further 
analysis, this study discovered that the ratio of author collaboration research in MIS 
communities is increasing, whereas publication of single author significantly dropt down.  
Collaboration in this concerned research communities were dominant by two authors, 
but collaboration research by multiple authors was increasing, slower than collaboration 
research by two authors.  Furthermore, analysis results of data demonstrated the 
development status of networks in whole research communities, showing an inclination 
attaching to star scholars preferential network development mode.  This result appeared 
more apparently in research distribution in recent decade.  Due to an obvious increase of 
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authors with high productivity, the structure in whole network kept developing in power 
law distribution form.  

Through further analysis on each sub-domain adopting author collaboration 
development trends produced, this study found that reference disciplines in information 
management research field converts from information theory and artificial intelligence 
system and technology at initial period into science application and behavior influence 
based on decision science and behavior theory in recent days; more attention should be 
paid to development of relevant theories in more complex environment, e.g. politics, 
sociology and ecology.  In relation to the application trends of reference theories into 
studying classification on different theme objects in concerned field, this study was based 
on different development trends and frequency published in articles, analyzed key points 
in each research theme: In theme of information management classification, system 
evaluation, system program plan were taken as key issues in past research, applied into 
system development and application system. Regarding technical modes subjects applied 
into system development, because relevant system development methods and methodology 
were gradually matured, many issues tend to decrease year by year.  However, due to the 
popularity of information system application and its influence as well as the significance 
of information system management and information system in organization influence, 
concerned subjects were developing.  Application system development theme gradually 
changed from functional system into whole industrial system.  Seen in this study, other 
subjects, e.g. computer application, outer environment influence, computer science 
technology, organizational environment, information research and education, were 
developing slowly.  Results in this research showed some fields with author collaboration 
research rising include: issues relevant to social environment, organizational change and 
impact and information management research.  Because information application deeply 
permeated into all aspects of society, its research also expanded complex issues focusing 
on completeness, sociology and strategies.

Holistically speaking, there is a consistent and apparent trends in reference discipline 
or development of each theme that research direction in whole shifts from technical, 
special issue with single and special function into those combining complexity, width, 
integrity and integration together.  Information management research had already spanned 
issues related to sociology, politics and ecology emphasizing integrity and complexity.  
Through 30 years’ accumulation, information management had evolved into one of formal 
subject matter fields that can’t be neglected.  
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Through investigating changes of author collaboration structures in each phase, this 
study found that a small-world collaboration study mode that is highly and regionally 
clustered exists in collaboration network in research community by using cluster 
coefficient and average path distance as measurement indices in small-world.  After 
1997, small-world network cohesion structure tended to be stable, though new members 
enter into, they are incapable of impacting this structure and only developed gradually 
within scope of network in this structure (average route length).  Further verification on 
power law distribution indicated that clustering characteristics of collaboration research 
structures had being intensifying preferential attachment mode in power law distribution 
since 1985 and until now.  That is to say, entry of subsequent authors was under existing 
network structure in this most prestigious journal in information management research, 
and maintains close cohesive relationship. In opinions of some literatures (Merton, 
1968; Crane, 1972; Cole and Cole, 1973; Zuckerman, 1977; Allison et al., 1982), this 
structure may be affected by research expenditure, resource preference, specialty of 
academic institution and knowledge cluster.  Other social relationship network other than 
collaboration network like education degree and teaching should be further investigated. 

Research on authors and issues in information management articles can assist in 
understanding achievements and basis established previously in this field and possible 
development direction in future; therefore, since 1982, every several years, scholars were 
contributing to provision of organized results and suggestions.  However, a majority 
of research concerning this field seldom applies community structure changes and 
knowledge diffusion into analysis from the perspective of knowledge community.  This 
study provided a new angle to explain the issue by social network analysis, moreover, in 
combination with changes of knowledge community structures, to provide possible trends 
changes, in the hope of providing useful references in terms of collaboration research in 
each MIS domain in future.

5.2 Future development 

This study attempted to analyze research development in information management 
field by using social network analysis and theoretical basis from the perspective of 
knowledge cluster in collaboration research.  After analyzing authors and keywords 
in most prestigious MIS Quarterly, it can preliminary observe structural depth and 
outstanding achievements that never touched before.  Therefore, research concerning 
information management can develop toward two directions: (1) Increase data collection 
and expand scope of knowledge community coverage to other key journals.  On the 
one hand, it helped to understand structural changes of communities and development 
of knowledge field in specific field more completely; on the other hand, it also benefits 
similar comparison with research communities in domestic; (2) Conduct profound 
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discussion, increase reference data for collaboration community and structures in 
knowledge field, which doesn’t only describe mode and development process of specific 
knowledge field, enhances depth of historical cognition, and also provides reference for 
collaboration modes and field fusion when new fields are developed and combined in 
future. 

Other issues extending from this research, e.g. further understanding and explanation 
of reasons of collaboration network forming that fits power law distribution and its 
influence on MIS research field, changes and development of original structures in 
collaboration research communities after research field transfers, were capable of 
revealing more profound knowledge drawing on the concepts and codes in this study.  
Except providing reference for information management research communities, this 
study could compare with development of other disciplines and demonstrate differences 
between one newly integrative discipline with traditional foundational disciplines in terms 
of exemplars.

5.3 Research limitation 

Due to limitations on time and resources, this study only conducted analysis 
by taking MIS Quarterly as example.  As the most prestigious journal in information 
management field and may affect the results of community structure development, this 
journal’s inference on effectiveness of whole research community is in need of further 
analysis and comparison. 

Because MISQ keyword classification comparison list used in data classification is 
the last version in 1993, some keywords in new issues were only classified into the nearest 
sub-domain without changing original code structures; if this code structure was properly 
upgraded, the development and exploration of new sub-domain could be more clearly 
identified.  In keyword classification, inter-rater reliability is only 0.52, meaning moderate 
agreement, it may be caused by different individual understandings on keywords arising 
from different background and intensive collaboration with other different disciplines in 
later period within 30 years.  Agreement degree could be improved by adding experts of 
sub-domains in subsequent research.  

Moody (2004) also proposed the third structural index (structure cohesion) when 
discussing structure of sociology research articles, to measure the robustness of network 
structure together with cohesive blocking issued by Moody and White (2003).  Compared 
with the shortages that power structure may appear hub and make network collapsed, 
cohesive blocking could find nodes embedded in multiple block networks, so as to find 
the number of nodes accepted by network if attack appears, also represent the balance of 
network structure.  This method should assist in cores of level 2 and even level 3 structures 
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in existing sample structures, and further help us understand secondary structures of 
development for concerned study.  However, because this index in structure calculation 
had recursive nature, if nodes of network were above 250 (in second phase), convergent 
results of this index could be not obtained.  Therefore, the inability in verification and 
exploration of close stability of structures occurs in this study, which needs extension in 
subsequent study.     
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Using Multiagent Based on Fuzzy Reasoning Approach 
to Solve Project Team Work Allocation Problems

Yee-Ming Chen, Cheng-Wei Wei
Department of Industrial Engineering and Management, Yuan Ze University

ABSTRACT: When a new project starts, the right selection of people integrates into a work team 
in order to carry on the project is of very importance.  The success of a project is 
greatly due to the personal responsibility of each team member, and to an adequate 
communication, collaboration and co-operation among the team members.  
Nowadays, the project team formation process is typically performed by a manager 
based on past experience and available information (though frequently uncertain 
and dynamic) about the cognitive characteristics of the potential team members.  
The dynamic and continuously changing nature of construction project team 
justifies the need for decision support tools with high adaptability and handling 
of uncertainty which is featured by multi-agent techniques for human resource 
allocation.  An Agent-based Project Management System (AbPMS) is proposed to 
simulate the interaction of a team member with other team members and with the 
tasks of a project.  Meanwhile, the system is based on the software (Belief, Desire, 
Intention [BDI]) agents which are used for modeling social human behavior at 
work, where human characteristics are represented by a set of fuzzy values, model 
the interaction between the agents to generate the possible performance of a work 
team are modeled by fuzzy rules.  This paper presents the project team agents and 
techniques in AbPMS and discusses a sample case applying these techniques for 
the project allocation initialization and human resource management in the urgent 
state.  We use AbPMS platform to perform scenarios of stimulus/response agents 
in order to solve specific problems, such as project durations, task quality and 
adaptive allocation emergency response. 

KEYWORDS: Multiagent systems, BDI, Fuzzy, Project Management.

1. Introduction

1.1 Research motives

Any project is in need of participation by members within a group and successfully 
executing jobs to finish one project is of very importance.  Making a well-organized team 
is no easy, because many factors need consideration and evaluation.  Factors that are 
necessarily considered during project running are given as follows: 
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1. Personal characteristics: Knowing about professional degree and education experience 
of each person is essential.  These characteristics define the patterns of jobs this 
person is qualified for. Selecting person having relevant experience to finish time-
pressing jobs need to consider personal characteristics from objective and subjective 
views.  Thus, how to choose suitable person to join in project team is virtually a key 
for execution proficiency of project. 

2. Social characteristics: Communication and coordination among group members are 
valued highly concerning whether project team runs smoothly or not, thus social 
characteristics among team members is one important indicator for selecting staff. 

3. Duration and task quality: Project leader often wishes his working team can finish 
project by using pre-planned schedule.  Generally speaking, difficulty and easiness 
of task executed by each member combines with resources, leading to a possibility 
that duration is often advanced or delayed.  Due to influence of its relation with task 
quality, selection of project in middle phase is also an important and influential factor. 

Thus, before starting project plan, selection of staff and even dispatch and allocation 
of staff during plan execution are important issues for human resource allocation in project 
management.  Effective integration and utilization of various resources inside company 
comes to a key determining success and failure of project; additionally, human resource 
takes priority over all other essential resources.  Human resource management is divided 
into four parts: selection, utilization, cultivation and retention, interrelated with each other.  
As a new product project launches and forms, project host (manager) pays deliberate 
attention to selection and utilization of talents.  At the start of project, professional talents 
will join into the project, thus allocating them into tasks which they are most suitable and 
push project forward smoothly becomes the most important issue.  In addition, it must 
allow for monitoring progress of project at any time in order to solve problems at the first 
time upon occurrence of emergencies or progress lagging. 

In Figure 1, initial allocation of project management is the most important issue in 
undertaking any project. During project running, the problem of emergent allocation often 
takes place (Belout and Gauvreau, 2004), thus this study conducts deeper discussion and 
empirical analysis on two important issues described below: 

1. Human resource problem in initial allocation of project management: In order to make 
project run smoothly during project management, human resource must be configured 
properly in its initial allocation, otherwise, it affects duration and task quality of 
project execution. 
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2. Urgent human allocation problem: This essay proposes one function of monitoring 
project with the aim of monitoring various changes in execution environment at any 
time and taking responsive actions.  Thus, it is supposed that as project management 
is under way, if sudden event happens to one executor, the task must stop execution.  
At this time, monitor project will start and select appropriate substitutes who continue 
executing subsequent tasks. 

1.2 Research purpose 

In recent years, multiagent system (MAS; Iglesias et al., 1998) helps completion of 
many complex and routine jobs. To simplify its repeatability, multiagent system doesn’t 
truly represent unique behavior properties of individual decision members but also has its 
own behavior decision mode, thus it is very suitable to treat human resource allocation 
problem in project management, handles with many complex and routine jobs, leading to 
talents problem in human resource of project management are properly configured and 
solved instead of always considering allocation optimization as the only factor. Much 
emphasis is paid to agent who owns his unique characteristics and speciality and develops 
his autonomy to undertake project management. Agent roles established in multiagent 
system include:  

1. Project manager agent: Such agent role must have the capability of managing project 
and fully understanding and mastering tasks.

2. Engineer agent: Such agent role has expertise and knowledge in particular task. 

3. Technician agent: Such agent role has professional knowledge about task in certain 
field. 

4. Assistant agent: Such agent role is good at handling with routine affairs in tasks.

Because agents can’t handle with project during project management alone and must 
interact with each task station (Ti, i = 1, 2,……, n), with respect to description of task 
station, its definition will be given in combination with agent parameters.  T1 parameters 
include: number of participating people, duration, difficulty and easiness, task pattern 
and task quality.  Agents of all kinds will join in the calculus of properties of task station, 
configuring each agent to task station properly to execute tasks.  Allocation of talent 
selection is a process that involves autonomous coordination and communication from 
multiple aspects, with the purpose of realizing suitability of human resource allocation in 
project management.  The purposes of this study are described as follows: (1) regarding 
talent utilization, an agent-based project management system will be designed by using 
individual behavior model of agents and timeliness and role analysis and interactive 
model in GAIA methodology (Wooldridge, Jennings and Kinny, 2000).  (2) Agents are 
introduced into BDI model, and established with their BDI models according to fuzzy 
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integration of social characteristics, emotion attribution and task characteristics of member 
roles in project, and configured to determine its duration and quality in project task by 
means of fuzzy allocation system (FAS). 

2. Literature review 

2.1 BDI agent theory  

2.1.1 Introduction of BDI agent  

Philosopher Michael Bratman firstly proposes BDI theory on the basis of actual 
reasoning inference process of human beings in 1987 (Bratman, 1987).  This model 
describes logically three mental properties and their relations with each other including 
belief, desire and intention (shortly named as BDI hereunder) based on philosophy and 
logic theory. 

BDI framework is an empirical inference framework that means inference process 
is similar to decision process in daily lives.  The concepts of this framework are seen in 
Figure 2 and detailed as follows: 

1. Belief of revision function: This function is in charge of sensing input from outer 
cycle and current belief of agents, in this case, produces and integrates new belief in 
belief database to indicate information sensed by agents under current environment. 

2. Option of generation function: This function is used to decide whether agents make 
proper judgment. The choice judgment is decided by current belief and intention. 

3. Filter function: This function represents the deliberation process agent goes through, 
determines intention of agent and represents what is currently highlighted by agent. It 
is also the goal that agent tries to realize and finish. 

4. Action of selection function: This function is used to decide which action is taken to 
achieve goal with current intention. 

2.1.2 BDI agent framework -- Procedural reasoning system (PRS)

There are two famous frameworks in BDI framework -- IRMA (Intelligent Resource-
Bounded Machine Architecture) and PRS.  IRMA is mainly proposed by Bratman, Israel 
and Pollack, including four abstract data structures: plan library, beliefs, desires and 
intentions.  Also, reasoner, means-ends analyzer, opportunity analyzer, filtering process 
and deliberation process are also used to construct IRMA. 
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PRS is an agent framework created by practicing BDI agent theory by scholars 
Georgeff and Lansky (1987), its framework seen in Figure 3.  It includes database, 
knowledge library, goals and intention structure and interpreter.  Description is given as 
follows: 

1. Database: It represents information owned by one agent in the world he lives in.  It 
provides agent with beliefs related to current status of the area agent stays. 

2. Goals: It arises from environment stimulus or self-monitoring after agent understands 
demands by him and stipulates goals. 

3. Knowledge library: Once the agent stipulates goals, the goal will be developed into 
the plan of realizing such goals that are expressed by rule forms and produce intention 
action by linking with database. 

4. Intention structure: It represents the request of agent who promises to finish.  The task 
accepted by agent upon his decision is intention of agent, including goal, motivation 
and evaluation. 

Belief of revision

Beliefs

Option of generation 
function

Desires

Filter function

Intention

Action of selection Action Output 

Sensor 
Input

Figure 2   BDI Framework Chart (Wooldridge and Jennings, 1995)
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5. Interpreter: As an important factor in BDI agent, interpreter is used to correct beliefs 
by environmental observation, produce new desires based on new beliefs to choose 
an acceptable plan, and then forms intention in combination with selected plans and 
goals.  After continually periodical running and environment interaction, finally, the 
goal is realized.  

2.1.3 Realization of BDI agent

In 1995, scholars Rao and Georgeff take the initiative to apply this BDI framework 
into intelligent agent field.  Later on, BDI develops into one of models widely used for 
reasoning agent.  Realization model Map of BDI agent is seen in Figure 4 (Rao and 
Georgeff, 1995). 

Each execution made by interpreter will decide which each goal or event takes 
place.  Therefore, it will select and add one plan from planned candidate list into intention 
framework to execute; after intention is executed every time, it will be classified into inner 
event and change inner information or goal and intention.  The whole steps are composed 
of deliberate calculus mechanism based on PRS framework established at initial period 
and makes BDI theory evolve into an empirical framework and applied into practice. 

2.2 GAIA methodology 

Wooldridge, Jennings and Kinny (1999) propose a methodology of agent-based 
analysis and design in 1999 -- GAIA, that regards construction of agent system as one 
design process of organization to display system framework by means of multi-layer 
technology conforming to popularization in terms of maintenance and understandability. 

Database 
(Beliefs)

Goals
(Desires) 

KA Library 
(Plans) 

Intention 
Structure 

Interpreter 
(Reasoner)

Data Input from Sensors Environment 

Effectors Commands 

Figure 3   PRS of agent framework chart (Georgeff and Lansky, 1987)

08-04.indd   133 2010/9/24   下午 07:47:52



134    Yee-Ming Chen, Cheng-Wei Weig

This system model to be analyzed and designed will develop into one framework Map. 
To develop research framework, this study summarizes model relation map of GAIA 
methodology into Figure 5. After demands are submitted, what is required by system 
will be analyzed in role model and interaction model, and relevant role properties are 
defined as: responsibilities, permissions, activities and protocols.  Based on definition and 
properties of role demands, the object-oriented concept is converted into agent model; 
service model is defined and designed by protocol, activity and liveness in role model 
and interactive model; acquaintance model is designed by activity in role model and 
interactive model. 

Concepts to be analyzed and designed are divided into two types: abstract and 
concrete, seen in Table 1.  Abstract entity is to conceptualize the system during analysis 
without directly involving realization of system; concrete entity is related to running and 
execution of system during design. 

Social model patterns are used into analysis in view of agent-based analysis. In 
1999, Wooldridge, Jennings and Kinny refer to roles as functional classification of agents 
in society, each role having its unique functional property and responsibility.  Roles have 
four properties in concept of agent-based analysis, including responsibility, permissions, 
activities and protocols.  Responsibility property defines the function of the role that must 
be done.  Responsibility has two properties: safety property and liveness property.  Safety 
property is described as “something good happens” meaning a status of thing carried 
by agent in given environment condition.  Liveness property is described as “nothing 

Adopted Goals 

Reaction 
Deliberation 

Belief Base 

 
Plan Library 

Running Plans 

Instantiate Plans

Evaluate State

Adopt new Goals

MessageSelect for 
Execution

Internal
Event

Dispatch (Sub-)Goals / Events

Belief/Condition Events

Handle Events

Query, add, and Remove facts

Message

Agent

Figure 4   BDI Model Chart (Rao and Georgeff, 1995)
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bad happens,” meaning a status of acceptable thing is maintained during execution.  
Permission property is right limit of roles, defines information resources that are stored, 
corrected or produced by roles.  Activity property represents execution force of role itself.  
Protocol property defines interaction approach among roles. 

Role model is composed of a group of role outlines.  Each role in system has its 
role outline.  In this outline, role name, role description, protocol and activity property, 
permission property and responsibility property (incorporating liveness property and 
safety property) are included.  Role models are seen in Figure 6. 

Roles model Interactions model 

Acquaintance 
model

Agent model Service model 

Analysis

Design

Permission Responsibilities 

Safety 
properties 

Liveness
properties

Protocols and 
Activities 

Requirements 
statement

Figure 5   Method Relation Chart

Table 1   Abstract and Concrete Concepts 

Abstract concepts Concrete concepts

Roles
Permissions
Responsibilities
Protocols
Activities
Liveness properties
Safety properties

Agent Types
Services
Acquaintances
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Interactions Model defines interactive relation amid roles and consists of a group of 
protocols. Interaction for each role is endowed with one protocol.  This protocol has the 
following properties: 

1. Purpose: Brief description of the nature of interaction. 

2. Initiator: Which role is responsible for initiating interaction.

3. Responder: Role object which interacts with initiator.

4. Inputs: Information applied by initiator when protocol is adopted. 

5. Outputs: Information delivered by responder during interaction.

6. Processing: Brief description of the procedures of interaction made by initiator. 

Agent-based design program produces three models in view of agent-based design, 
including agent model, service model and acquaintances model.  Agent model confirms 
agent pattern constituting the system and agent instance of realizing such agent pattern 
during execution period.  Service model confirms major service in each agent pattern, 
namely, confirms agent function. In view of object-oriented terms, service is similar with 
method.  One object method is called by other objects, whereas agent service is one kind 
of service uniquely owned and participated in by single agent, not able to be called by 
other agents.  Acquaintances model defines communication and linkage among agents of 
all kinds.  By means of graph indication, this model neither defines message delivered 
by each communication and linkage nor when such message is delivered, instead, simply 
indicates communication routes among agents of all kinds. 

2.3 Fuzzy allocation system (FAS)

This paper proposes basic framework of FAS consisting of control rule database and 
fuzzy decision logic, with its basic framework map seen in Figure 7.  In principle, design 
steps of this framework are described as follows:  

Description 

Protocols and Activities 

Permissions 

Responsibilities 

Liveness 

Safety 

short English description of the role 

protocols and activities in which the role plays a part 

“rights” associated with the role 

liveness responsibilities 

safety responsibilities 

Role Schema             Name of Role

Figure 6   Role Model
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Agents are introduced into BDI model, and established with their BDI models 
according to fuzzy integration of social characteristics, emotion attribution and task 
characteristics of member roles in project, and configured to determine its duration and 
quality in project task by means of fuzzy allocation system (FAS). 

1. Factor input: Firstly, social characteristic, emotion attribution and task property related 
to agent in BDI model and membership function categories are determined.

2. Fuzzy input: In order to decide universe of discourse for each variable, measurement 
and operation scope of output and input variables are decided on actual status.  And 
then language presentation matters and corresponding membership function of each 
variable are arranged. 

3. Fuzzy engine and fuzzy rule: enerally, convert it into fuzzy rule base explained by 
language with experience of operator and expert knowledge.  Conditional rules 
narrating linguistic meanings like If-Then are usually used. 

Fuzzy inference engine conducts inference when concepts narrated in judgment 
sentence are not clear to make composition calculus in fuzzy theory under existing logic 
rules (Mamdami and Assilina, 1975).  Generally use max-min product composition, 
max-product composition, max-bounded product composition, max-drastic product 
composition, etc.  This essay utilizes Mamdani inference method (namely, max-min 
composition).

Crisp Inputs 

Fuzzification
of Inputs Fuzzy Inference Engine 

If……..And……  
lf……..And…… 
Then………… 

Fuzzy Outputs 

Defuzzification

Fuzzy Rule Base 

Figure 7   FAS Flow Chart
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4. Fuzzification output and defuzzification: Defuzzification means to convert duration 
and task quality in fuzzy output of project task inferred into real crisp values, adopting 
three methods, e.g. center of gravity, center of maximum and mean of maximum. 
In this essay, use center of gravity to make defuzzification. Because it is suitable to 
continual output value, its principle is the same as acquiring center of gravity location 
of objects, namely, acquiring center value of fuzzy integration to represent the whole 
fuzzy integration. It is supposed that membership function of fuzzy integration is ui, 
when inferred value yi (refer to duration and task quality) is continual under I rule, 
center of gravity method is shown in formula(1) as: 

  (1)

3. Agent-based project management system (AbPMS)

This essay studies analysis and design of the core parts in this framework by means 
of milt-level technique (Nwana and Woddridge, 1996), analyzing roles modules to analyze 
demands of project management layers for role analysis and defining role characteristics.  
It further extends to agent module to design communication and interaction of roles and 
actions in agent-based system (Wood and DeLoach, 2001), and establishes inner actions 
in agent model by using object modules and add group organization and calculus of fuzzy 
allocation system to develop agent-based project management system (AbPMS).  Finally, 
it designs exemplars by using UML object-oriented to practice exemplars and simulate 
results by JAVA language and medium software platform (JadeX, 2007).  Figure 8 shows 
the study framework map in this essay. 

3.1 Project management of group organization

This essay advances the allocation principle of applying group organization concept 
in the human resource allocation, which makes trans-department manpower selection, 
not depending on the experience or technology, but more widely considering social 
characteristic and emotion attribution to select the task executor, and reflecting such two 
characteristics in the system as variables.  Group organization will show an interaction 
between the organization and the group during the process of human resource allocation; 
at this time, the project management leader will make negotiation and coordination with 
leaders of different departments, thus to produce an harmonious effect among the project 
management leader, department leader, and candidate, and improve the system flexibility 
and feasibility.  The group organization concept map is shown as Figure 9.  It is supposed 
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that there are three members in Department_1: PA11, PA12, and PA13 and three members 
in Department_2: PA21, PA22, and PA23.  Based on the group organization concept, 
use the BDI mode of the candidates to present their autonomy and use FAS to allocate 
the attributive group; the result shows that they are divided into three groups: Group 1, 
Group 2, and Group 3.  Therefore, the department leader, project management leader, and 
the candidate will form an interactive relationship involving mutual communication and 
influence.  Through such communication and coordination, there can arrange allocation 
processes for different requirements. 

3.2 Analysis of GAIA methodology 

Known from literature review, GAIA method is divided into two parts: analysis and 
design.  Analysis has two phases including role analysis and interaction analysis.  They 
are used in role analysis to define role characteristics and communication and interaction 
of roles and actions respectively. 

As requirements of founded project generate, proposal person (PP) will receive 
project requirements and analyze resources required by project, including number of task 
station required, relevant task information, and delivery of talent recruitment message.  

Roles

Need

Roles Meta-Model

Translator
According to role 
definition transfer agent 
design model

Agent Agent Meta-Model 

Translator

According to role 
definition design 
agent behavior 

Object Object Meta-Model 

Translator 
Use agent orient 
object to develop 
agent inner behavior 

Use UML to 
design system 
(use JAVA and 
JadeX to design) 

Code

Use agent group 
and FAS to 
develop AbPMS 

Use GAIA 
method to design 
Roles Model and 
Agent Model 

Figure 8   Research Framework Chart
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For example: as one project is founded, PP will propose how many task stations should be 
produced on the basis of project requirements; meanwhile, deliver messages to relevant 
selected talents and inform them such requirements.  Therefore, from above description, 
it is known that PP has two protocol properties and one activity property: Get Project 
Requirements is to receive and analyze project requirements; Produce Analysis is to 
analyze resources required by project; Send Project Requirement Messages is to deliver 
requirement messages to relevant roles.  PP is the only role who has the right of reading 
required resources and producing talent recruitment messages in permission properties.  
As to responsibility property, when requirements exist, he will continuously undertake 
tasks in protocol property and activity properties and deliver requirement messages to 
other roles.  Role model map of proposal person is seen in Figure 10.  Furthermore, this 
essay proposes six role models to construct role analysis process, including task generator 
(TG), project person (ProP), fuzzy allocation system (FAS), task manager (TM), project 
leader (PL) and monitor inspector (MI). 

In GAIA methodology, interaction analysis narrates protocol property relations 
among roles. Thus, protocol property during role analysis is considered as important 
point in interaction analysis. In project management, interaction protocol is divided into 
four parts: PP gets project requirement notice and generates project requirements, task 
generator gets project requirement message, task manager gets task details, proposal 
person gets task target, all of which finish human resource allocation procedures in 
fuzzy allocation system; as task station manager (TM) gets allocation result delivered 

Department_1

PA1

PA1

PA1

Department_2

PA2

PA2

PA2

Group1 Group2 Group 3

T1 T2 T3

AbPMS

Figure 9   Group Concept Chart
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by proposal person, three different exemplars will occur (send task executor, send task 
progress and send negotiation message). Therefore, four protocol exemplars will take 
place, including human resource allocation protocol process, project monitor protocol 
process, protocol process negotiated between task manger and proposal person and 
selection protocol of project leader. Project monitor protocol process is seen as in Figure 11. 

3.3 Design of GAIA methodology 

In this section, three models in design of GAIA methodology include: agent model, 
service model and acquaintance model.  They are used to design inner action of agent 
module. 

Agent module confirms agent patterns constituting system, agent instance of 
realizing such agent patterns during execution period, and put such instances into practice 
into system.  Generally speaking, each agent is usually one substantiated role in role 
analysis, designed and practiced in system.  Thus, this essay regards roles with different 
patterns as agent model to construct one system.  List of role converting into agent is seen 
in Table 2.  Figure 12 is agent model. 

Service module confirms major service of each agent pattern, namely, function 
of agent. In view of object-oriented terms, service is similar with method.  One object 
method is called by other objects, whereas agent service is one kind of service uniquely 

Description: 
Analysis  

Protocols and Activities: 
 GetProjectRequirements, ProduceAnalysis,
SendProjectRequirementMessages 
Permissions: 
 reads  supplied requirements  

generates  requirementmessages 
Responsibilities
  Liveness: 
  Proposal Person=(GetProjectRequirements . 
GenerateAnalysis)ω

  GenerateAnalysis =(ProduceAnaiysis . 
SendProjectRequirementMessages)+

  Safety: 
  Requirements exit. 

Role Schema: Proposal Person (PP)

Figure 10   Proposal Person (PP) Model
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owned and participated in by single agent, not able to be called by other agents.  In 
GAIA methodology, service model can get designed module from analyzed activity and 
liveness of responsibility property in GAIA methodology.  Service module consists of 
inputs, outputs, pre-condition and post-condition.  Inputs and outputs can be designed in 
interaction analysis; pre-condition and post-condition are designed in security property in 
responsibility property.  Service item establishment list of service model is seen in Table 3.

Acquaintances model defines communication and linkage amid various agents.  
By means of graph indication, this model neither defines message delivered by each 
communication and linkage nor when such message is delivered, instead, simply indicates 
communication routes among agents of all kinds.  Acquaintance model map is seen in 
Figure 13. 

TM MI

Request monitor task progress 

GetTaskInformation
Task Information 

Task progress

MI TM

Provide monitor situation 

SendMonitorMessages 
Task progress 

Progress Information

Figure 11   Project Monitor Process

Table 2   Role-Agent Transformation 
Role Agent

Proposal Person (PP) Proposal Agent (ProA)
Task Generator (TG) Task Generator Agent (TGA)
Task Manager (TM) Task (Ti)
Project person (ProP) Project Agent (PAj; j = 1, 2,......, m)

Fuzzy Allocation System (FAS) Fuzzy Allocation System (FAS)
Project Leader (PL) Project Manager Agent (PMA)

Monitor Inspector (MI) Graphics Agent (GraA)
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Proposal
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Proposal
Agent

1
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Generator

Agent
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Manager

Task
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Project Agent

Project
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Fuzzy 
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System

Fuzzy 
Allocation

System

+

+

Task Groups 

+

Project
Manager
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Project
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1

Graphics
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1

Monitor
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Project Agents 
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Figure 12   Agent Model

Table 3   Service Model 
Service Inputs Outputs Pre-conditionPost-condition

Get Project 
Requirements

Requirements Requirements details True True

Produce Analysis Requirements details Requirement 
messages

True True

Produce Tasks Requirement messages Task details True True
Alter Tasks Requirement messages Task details True True
Compare Fuzzy 
Allocation

Fuzzy allocation 
outputs

Allocation 
information

True True

Send Messages Allocation information Allocation 
information messages

True True

Computer Fuzzy 
Allocation

Fuzzy allocation inputs Fuzzy allocation 
outputs

True True

Update Task Data Task details Task information True True
Find Task 
Executor

Allocation result Task executor True True
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After analyzing and designing overall requirements by using GAIA methodology, 
this essay proposes an agent-based project management system (AbPMS) framework 
according to relevant analysis to understand what role each agent plays during the whole 
project management and their tasks.  This agent-based project management system 
framework is seen as Figure 14.  Task station is shortly named as Ti (i = 1, 2,……, n); 
project agent is shortly named as PAj ( j = 1, 2,……, m); i, j, k refers to task station, project 
agent and department number respectively. 

3.4 Process of human resource allocation 

This essay proposes human resource allocation process involving group organization 
concept, BDI module of project agent and fuzzy allocation system (FAS).  Therefore, 
project agent will actively configure task station.  As requirements generate, project 
management will initiate structures.  ProA in system framework who participate in this 
process will receive requirements and send proposal to TGA to set up relevant task station, 
which is called as initiation; as initiation finishes, project agent (PAj) notified will make 
inner BDI module calculus, conduct fuzzy inference and calculus on each inner parameter 
and variable in FAS, interact with task station groups and conduct proper allocation.  After 
allocation, verify whether repeated executor exists during allocation of task station.  At 
this time, each Ti is put into verification.  In case repeated executor exists, a new allocation 
principle will be sent to project agent to conduct partial fuzzy inference calculation and 
allocation in FAS until task station is configured; finally, GraA is in charge of monitoring 
project and urgent treatment.  ProA continues to receive changes of tasks from outside. 
Human resource allocation process of project agent is seen as Figure 15. 

Proposal
Agent

Task 
Generator

Agent

Task 

Project
Agent

Fuzzy 
Allocation

System 

Project
Manager

Agent

Graphics
Agent

Figure 13   Association Model
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Figure 14   AbPMS i: Numbers of Task
j: Numbers of project agent
k: Number of departments

Demand

Set ProA, TGA, PAj, GraA, FAS 
ProA, TGA set initial_rule, Ti
PAj set BDI parameter. 
allocation(initial_rule)
Object allocation()
Loop

FAS allocate PAj to each task.
If  

all task are matching 
break 

else
    set re_rule
    allocation(re_rule)
end
GoTo Object graphics()
Object graphics() 
set new_rule is false, timer
timer run 
If

new_rule is true 
allocation(new_rule)

else
   timer continue 
   break  

Project initial 
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Finish Task 

YES

Monitor
(GraA)

graphics()

new_rule 

Add new rule  
(re_rule) to PAj

NO

Figure 15   Project Allocation Process 
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4. Performance of agent-based project management system

This essay puts two questions mentioned in foreword into practice in system, 
constructs FAS and performs project agent (PAj) by using project agent model in AbPMS. 
Use JadeX medium platform, make agent communicate with other agents through ACL 
message, and construct task groups (TGs) in AbPMS by using GUI interface developed 
by JAVA. Finally, in simulation tests, two exemplars including human resource allocation 
and urgent human allocation are supposed to conduct simulation process for validating 
feasibility and applicability of this system in terms of performance. 

4.1 FAS performance

FAS plays an important role in exemplars mentioned by this essay, utilizes fuzzy 
inference to conduct calculus of different parameters and also combines results with 
project monitor. Its performance process is described as follows: 

4.1.1 Step 1 -- define its variables

This essay makes calculus on variables selected from exemplars.  Variables include: 
Creativity, Experience, Desire, Interest, Stress, Difficulty, Type, duration and quality.  
Variables are defined by fuzzification.  Stress is defined to include three linguistic 
variables: Low (0~25), Medium (20~80) and High (65~100).  Duration is defined as 
five linguistic variables: Excellent (-30~-10), High (-15~0), Acceptable (-5~5), Regular 
(0~15) and Low (10~30).  Quality is defined as five linguistic variables: Very Low (0~30), 
Low (25~65), Minimum (45~75), Acceptable (65~95) and Satisfactory (90~100).  Other 
variables are defined as three linguistic variables: Low (0~35), Medium (25~75) and High 
(65~100). 

4.1.2 Step 2 -- decide its fuzzy sets

Each fuzzy sets is presented by each membership function graph.  This essay uses 
Gaussian-type membership function to show membership function of each variable, 
make each variable value in linguistics overlap and interact with each other and meet the 
requirements of continual calculus. 

4.1.3 Step 3 -- construct fuzzy rules

This essay constructs fuzzy rules for different variables, setting up 180 rules 
through linguistic matching, and conducts inference.  Finally, parameters are acquired in 
defuzzification.  Exemplar rules are described as follows: 

RULE: IF (Difficulty IS low) AND (Experience IS low) AND (Interest IS low) AND 
(Stress IS low) THEN (duration IS regular).
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4.1.4 Step 4 -- de-fuzzificate output variables of duration and task quality in project task

Finally, calculus is made. This essay will use UML in JAVA language and 
jFuzzyLogic to develop FAS.

4.2 Project agent performance 

After FAS is constructed, this essay will continue to perform project agent (PAj, 
description is made by taking PAj as example hereunder). This essay will use XML to 
generate single PAj, conforming to object provided by JadeX, allow agent to inherit 
category provided by JadeX during practice undertaking. These categories include beliefs, 
goals, plans, events and properties. Practicing is described as follows: 

1. Beliefs: Receive events given from outer environment and deliver them to inner 
properties to generate new goals, record agent properties in map gathering, allow 
agent to make calculus on Ti  property value according to property value contained in 
map. 

2. Goals: Mainly record results acquired from calculating FAS and execution goals each 
time, allow agent to find suitable goals from selecting goals to execute such goals. 
Variables contained are seen in Table 4. 

Table 4   FAS Goals

Variable Type Define

Difficulty String Record Ti parameter: Difficulty

Type String Record Ti parameter: Type

Result String Record FAS result: (duration, quality)

3. Plans: Mainly execute methods.  In this practicing, there are three methods established: 
agent execution procedure, allocation procedure and message delivery procedure. 
In agent execution procedure, agent will judge pattern generated by new beliefs to 
judge which method is adopted, and respond to outer environment by executing such 
method; allocation procedure will make calculus on inner properties and parameter 
values delivered by Ti in FAS system and receive results; message delivery procedure 
is to communicate received results with project leader and Ti.

4. Events: Mainly define format setting delivered by message, communicate and deliver 
messages by following ACL Message standard (FIPA, 2007). In this practicing, 
ACLMessage.REQUEST and ACLMessage.INFORM are incorporated to receive 
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request and parameter of Ti respectively.  INFORM has two functions: notify results 
by using messages delivered back after allocation; as Ti selects a certain agent to 
execute task, deliver a message related to whether participate in or not. 

5. Properties: Mainly record all activities of agents undertaking in JadeX platform, for 
the convenience of record and request in the future. 

5. Application examples

This essay uses situational description to construct simulated environment to 
describe AbPMS proposed by this essay, including role description of agent, description 
of task station and description of simulation conditions, and then describes the procedures 
by means of two supposed examples.  The involved party configures PAj by using property 
values given by different Ti and configures PAj into proper task station for executing task 
and solving human resource allocation problem in project management.  Furthermore, 
when project management is under way, if urgency occurs when PAj is executing task, he 
must stop executing task.  At this time, AbPMS monitor system will send messages and 
inform other PAj and configure new executors to implement unfinished tasks. 

Supposed conditions are described as follows: (1) Suppose that task station in human 
resource allocation has single task and single executor, however, human resource takes 
priority over other resources in allocation.  Suppose if urgency occurs, other relevant 
human resources will be given preference to execute tasks.  (2) Suppose when urgency 
occurs, schedules arrangement amid task stations will be not affected and cost limitation 
and calculation are not considered. 

5.1 Human resource problem in initial allocation of project management

Suppose there are 12 Ti  and 10 PAj  in project management, including 1 project 
management agent, 3 engineer agents, 3 technician agents and 3 assistant agents, to 
participate in allocation process.  Each parameter is produced by using normal distribution 
method, to render uncertain change of variables, with simulation executed for 30 times.  
This essay develops agent allocation interface (see Figure 16) and task station allocation 
interface (see Figure 17) allowing users to access parameters setting. 

It is known that menu of agent allocation interface includes agent allocation, task 
allocation and monitor interface.  In agent allocation, agent sets up its parameters on 
interface.  As setting finishes, press “Show” to check in lower window.  If errorless, press 
“Create Agent” to generate ADF file in XML and agent appears in right side of “Created 
Agent” window.  If setting is wrong, press “Clear” to set up parameters again.   
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Task station allocation user interface is seen in Figure 17.  On this interface, it 
can add task station, set up the order of priority of task station.  If clicking task station, 
parameters can be set up on “Task Setting” window in right side, including: number of 
participated people, duration, task difficulty and task pattern.  Finally, press “Save” to 
store information of task station and enter into monitor state. 

Finally, after PAj and Ti complete setting, with JadeX platform combined and used, 
status and allocation result of each PAj are understood.  During allocation, PMA will 
participate in coordination of repeated use problem of human resource, meanwhile, 

Figure 16   Agent Configuration

Figure 17   Task Configuration
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evaluate composites with higher benefits.  Simulated results of duration and task 
quality outputs in this essay are seen in Figure 18 and Figure 19 respectively.  Known 
from results, in task stations of T1, T2, T3, T9 and T10, their agents will complete tasks as 
scheduled, other agents are under delay state; Regarding performance of task quality, 
agents in task stations of T1 and T2 will provide tasks with higher quality.  These two 
statistics maps are demonstrated to make users and project leaders clearly acquire relevant 
utility messages and analysis results.  

5.2 Urgent human resource allocation problem

This essay also proposes a function of monitoring project with the aim of monitoring 
changes of environment at any time for giving responses.  Therefore, suppose when project 
management is under way and one PAj is executing task, if urgency occurs, he must stop 

Figure 18   Duration Output

Figure 19   Quality Output
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executing task.  At this time, AbPMS monitor system will send messages to inform other PAj to 
configure new executor for executing subsequent tasks. Its monitor interface is seen in Figure 20. 

Simulated results are described as follows: Suppose during project monitoring, 
monitor interface moves until T5, Graphics Agent (GraA) will know about lagging events  
and send messages to Project Manager Agent (PMA) to execute the task of picking up 
substitutes: PMA will enter into project and execute tasks through FAS allocation calculus 
and send request concerning whether working with allocation calculus. Sending request 
will not stop until new project agent is found.  Message delivery process is seen in Figure 
21.  It is known from communication messages that agent Joel will take over task 5. 

Figure 20   Progress Monitor

Figure 21   Rush Allocation Message Transfer Each Other
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6. Conclusion and subsequent research direction

This essay mainly discusses and practices human resource allocation and urgent 
human allocation in project management.  In the process of study, it is able to rapidly 
understand, perform and construct AbPMS by means of GAIA methodology and a whole 
set of system framework theory, allowing project management to finish project plan based 
on this system.  Agent technique is applied into project management through application 
of PAj and Ti allocation constructed by this essay and monitor interface.  Meanwhile, 
construction of BDI agent permits agent roles to allocate themselves in task stations 
in combination with FAS system according to methods and parameters used during 
participating in project, and adjust change of inner parameters depending on beliefs 
provided in different environment, which truly demonstrates characteristics of agents and 
function of real-time project monitor. 

Because project management involves wide issues for discussion, subsequently, it 
can be extended from existing AbPMS model to other discussion topics as follows: 

1. Resource conflict problem: When a project is undertaken, task delay problem often 
occurs, causing project in need of great change, and even progress of overall project to 
be affected, thus, how to control human resource and adjust project progress to solve 
resource conflict in project needs further discussion. 

2. Multi-project problem: In enterprises, projects are undertaken in multiple ways. Only 
undertaking single project never happens. Thus, how to allocate human resource and 
develop function of monitoring multiple projects to allocate project with suitable 
human resources for the goal of completing tasks will become another issue worthy of 
investigation.  

In conclusion, this essay focuses on practicing human resource allocation problem 
and urgent human resource allocation problem, constructs AbPMS to develop BDI multi-
agent system function on the basis of GAIA methodology. This system has an opened 
framework, thus to incorporate different project management issues and provide for 
project managers in terms of practice application.  
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