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Critical success factors (CSFs) are those things that must be done correctly for a project 

to be successful; however, CSFs are not sufficient by themselves to guarantee success. 

CSFs, as identified in the literature, vary from study to study. In addition, previous 

studies have not typically included contextual details for the projects studied. As a 

result, it is difficult to know how the particulars of a project impact (or not) CSFs. 

Researchers have suggested that CSFs can be affected by contextual details. Knowledge 

about the effect of contextual factors on CSFs would allow organizational leaders and 

project managers to more effectively use resources to achieve project success. 

Enterprise system implementation projects have exhibited high failure rates. Both 

Enterprise Resource Planning (ERP) and Electronic Health Record (EHR) system 



implementations have proven to be challenging for organizations. For enterprise system 

implementation projects, a variety of contextual factors may be important. Examples of 

contextual factors include the number of software modules implemented, the number 

of sites undergoing implementation, the geographic dispersion of the sites, the number 

of people in the organization, and the percentage of personnel in the organization 

whose daily tasks are disrupted by the new enterprise system.  

This research was designed to shed light on the role of contextual factors on CSFs for 

enterprise system implementation projects. A survey was created to evaluate the 

effects of contextual factors on CSF ratings. The survey included questions related to 17 

CSFs, 14 of the CSFs included in the study have been well-cited in the project 

management literature. Three additional CSFs were also included in the study to capture 

important elements of change management, which more recent studies have shown to 

be relevant to enterprise system implementations. The survey included questions 

related to eight contextual variables for ERP projects and 11 contextual variables for 

EHR system projects.  

The research focused on small to medium-size organizations, which have been less 

studied than larger organizations. The target respondents for the survey were enterprise 

system (ERP or EHR) project managers from software companies or consulting firms and 

government project managers whose implementation projects were within six months 



of completion. Data were collected on 17 ERP projects and 26 EHR system 

implementation projects in 43 different organizations. 

The survey data and subsequent analyses provided evidence that EHR system 

implementation projects are impacted by contextual factors. The results for the ERP 

implementations are not conclusive. The results suggest that contextual factors should 

be taken into consideration when determining how best to manage enterprise system 

implementations. In addition, the results of this research did not support previous 

research findings, which indicated that similar CSFs exist for ERP and EHR system 

projects. CSFs were found to vary substantially in a number of key areas, especially with 

respect to training. The User Training and Support CSF for the ERP projects included in 

this study was rated less important than prior research results suggest (Finney & 

Corbett, 2007). One of two CSFs included in the survey to capture change management 

requirements, Early Adopter/Super-user, was found to be an important CSF for the ERP 

projects included in this study.  

The EHR system projects were found to be affected by contextual factors, with nine 

different instances of significant relationships identified between individual CSFs and 

one or more contextual factor. Eight of the 17 CSFs for the EHR system implementation 

projects in this study were affected by contextual factors. Contextual factors impacted 

the ERP and EHR system implementations quite differently, suggesting that more 

research is needed to better understand the phenomenon leading to these differences. 



The findings from this research can be used by organizational leaders and project 

managers to more effectively achieve project success. These results provide project 

managers and organizational leaders in small and medium-size organizations with a 

much deeper and relevant understanding of the factors that are most important to 

manage in successfully implementing either ERP or EHR system projects. As this study 

focused on small and medium-size organizations and both ERP and EHR system 

implementation projects, the findings are relevant across a wide range of organizations. 

As smaller organizations have not typically been the focus of CSF research, this study 

makes an important contribution to the understanding of CSFs for both ERP and EHR 

system implementation projects. 

More generally, this research also expands the broader body of knowledge on the 

identification of CSFs, as this study has provided empirical evidence for the important 

role played by contextual factors. Every project is carried out within a broader 

organizational setting. This broader organizational setting appears, based on the results 

of this study, to have a strong effect on the importance of CSFs for each specific project 

and as such, may explain some of the seemingly contradictory findings related to CSFs in 

the existing literature. While further research is needed to understand the means by 

which contextual factors impact CSFs, this study has provided a significant contribution 

in validating the relationship between contextual factors and CSFs for a broad range of 

enterprise system projects in a wide range of industries.   
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ENTERPRISE SYSTEM IMPLEMENTATION PROJECTS: A STUDY OF THE IMPACT OF 
CONTEXTUAL FACTORS ON CRITICAL SUCCESS FACTORS  

1 Introduction 

This research focused on understanding the project characteristics and organizational 

factors that influence the failure rate of complex projects, specifically in Enterprise 

Resource Planning (ERP) and in Electronic Health Record (EHR) implementation projects. 

Enterprise Resource Planning (ERP) and Electronic Health Record (EHR) implementation 

projects are expensive and typically large scale, complex projects. ERP implementation 

projects have been undertaken for more than 20 years, while EHR projects are much 

newer. Both types of projects (ERP, EHR) require the organization to deploy and use 

new software and often result in substantial changes to the way that business is done. 

Many different organizations from various sectors have implemented ERP; whereas EHR 

projects take place only within the health and medical domains.  

Enterprise Resource Planning (ERP) projects started in the manufacturing sector. ERP 

software integrated management information across the manufacturing organization, 

allowing the status of all the different operations and sub-operations to be known at 

any one time. In the process of doing this, the organization’s computer systems were 

standardized, and interactions with suppliers and customers were made easier. An ERP 

system typically includes financial, accounting, sales, service, customer relationship 

management, human resources, as well as manufacturing and supply chain 
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management information. As more organizations implemented ERP software, this 

software became not a differentiator, but rather something that every organization 

needed to have to not fall behind in the marketplace (Finney & Corbett, 2007). ERP 

systems have now grown to include all core functions of an organization and are 

tailored to specific industries, including those outside of manufacturing, including 

government and other service organizations (Sage Software). 

The Institute of Medicine committee (IOM) defined the core functions of EHR systems as 

health information and data, results management, order entry/management, decision 

support, electronic communication and connectivity, patient support, administrative 

processes, and reporting and population health management (Thakkar & Davis, 2006). 

Electronic Health Record (EHR) systems allow exchange of medical information between 

sites. The EHR system includes an enterprise-wide information system, and a specific 

institution maintains a patient’s medical record. EHR in a hospital or clinical setting 

allows different departments and facilities to access the patient records and add 

information as needed, including remote access. An example for a hospital might be the 

pharmacy, laboratory, and imaging departments adding information regarding a patient, 

and the new information being used by billing to update the patient’s account. On a 

subsequent visit, the physician would have direct access to all the test results and the 

patient’s prior history. The use of an EHR system allows access to a patient’s information 

in real time. This allows for more accurate diagnosis and treatment, while avoiding 
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duplication of expensive tests and improving revenue management. The software also 

provides a reduction of paperwork and business continuity/disaster recovery if it is 

supported by redundant offsite data centers (Roman, 2011). There is a government 

mandated safeguard for patient privacy and secure exchange of information, under the 

authority of the HITECH act of 2009 (ONC, 2011). 

There are many different ERP and EHR software systems, each with different tools. The 

implementing organization has flexibility choosing which of these tools (in various 

modules) the organization wants to implement. The impact of an ERP and EHR system 

implementation on an organization is dependent on the choice of modules, as well as 

the method of implementation and degree of customization. For a typical 

implementation of either ERP or EHR, there is broad use of the software within the 

organization. Since multiple departments interact with both ERP and EHR software, the 

specific work activities impacted by ERP and EHR implementations vary substantially 

across the organization. ERP and EHR implementations also frequently require 

individuals in departments to change the way tasks and processes are performed to 

minimize the amount of software customization needed. Changing the software to 

match department activities does not often bring the process improvements or savings 

that organizations typically expect. In addition, customization of ERP or EHR software 

also typically increases project’s complexity and cost.  
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ERP projects have been known for high failure rates. Project characteristics and 

organizational factors, both elements of complexity, are two of the areas identified by 

researchers as potentially impacting project failure (Belassi & Tukel, 1996; Maylor, 

Vidgen & Carver, 2008). Examples of project characteristics include the number of ERP 

modules implemented and the percentage of staff disrupted due to the 

implementation. Organizational factors include the total number of personnel in the 

organization, the number of sites, and the geographic dispersion of sites where the 

enterprise system is being implemented. The role of project characteristics and 

organizational factors on project success has not been widely investigated. When 

combined together, project characteristics and organizational factors provide a measure 

of the complexity of an enterprise system implementation project.  

The relationship between critical success factors (CSFs), the necessary but not sufficient 

conditions for project success (Rockart, 1979), and complexity has been understudied. If 

a relationship could be identified between CSFs and complexity as measured by project 

characteristics and organizational factors, it would provide helpful insight to both 

researchers and practitioners. The existence of a relationship would allow 

determination of the CSFs at the beginning of a project, based on known quantities such 

as organization size and number of sites, thereby improving the likelihood of project 

success. For researchers this information would enable more focused studies to 

understand the underlying reason for this relationship and help researchers identify 
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ways to manage the effects of contextual factors and ultimately project complexity. 

Project characteristics and organizational factors influence all projects, so understanding 

these relationships for ERP and EHR projects could have broad-reaching effects. 

The literature provides no standard definition of complex projects or procedures 

required for the successful management of complex projects. In fact, multiple 

dimensions are associated with project success, depending on the timeframe of interest. 

Figure 1.1 presents timelines associated with different definitions of success. This 

dimension is typically not included in research studies. In addition, the CSFs identified in 

the literature can be contradictory, potentially as a result of the fact that project 

characteristics and organizational factors have not been taken into consideration 

(Balachandra & Friar, 1999).  

 

Figure 1.1: Time frame of success dimensions (adapted from Shenhar, Dvir, Levy & 
Maltz, 2001) 
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The development of CSFs and the measurement of project CSFs have progressed as 

areas of study, mainly independently. Table 1.1 identifies the publication of significant 

CSF research. The works of Daniel (1961), Rockart (1979), and Pinto and Prescott (1987) 

are the major publications relating to CSF theory development published prior to 1995. 

Table 1.1: Important CSF research and studies, 1961-2008 
Year Researcher(s) Primary Contribution 

1961 Daniel Theory Development 

1979 Rockart Theory Development 

1987 Slevin and Pinto Theory Development 

1996 Belassi and Tukel Theory Testing  

2001 Nah, Lau, and Kuang Identified CSFs: ERP 

2002 Cooke-Davies Theory Development 

2003 Al-Mashari , Al-Mudimigh and Zairi Theory Development: ERP 

2004 Somers and Nelson Identified CSFs: ERP 

2006 Hyvari Theory Testing  

2007 Finney and Corbett Identified CSFs: ERP 

2007 Plant and Wilcox Identified CSFs: ERP 

2007 Garcia-Sanchez and Perez-Bernal Identified CSFs: ERP 

2008 Chow and Cao Theory Testing: Agile Software 

There are three research studies that tested theory after 1995: Belassi and Tukel (1996), 

Hyvari (2006) and Chow and Cao (2008). The majority of prior researchers have focused 

on developing theory, rather than testing theory. Belassi and Tukel attempted to test 

CSFs and the impact of a limited number of contextual factors. The researchers looked 

to find evidence for a causative relationship (1996). Hyvari’s (2006) research followed 

the method of Belassi and Tukel and focused on studying the effect of organizational 

background variables on CSFs. Chow and Cao (2008) attempted to test the relationship 
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between project management success (project efficiency in Figure 1.1) and CSFs. CSF 

identification has been a goal of many researchers, and multiple lists of CSFs have been 

identified and published in various studies beginning as early as 1961 (Fortune & White, 

2006).  

Researchers have described project characteristics and organizational factors that affect 

project management. These characteristics are summarized in Table 1.2. Some 

researchers have used the term complexity to describe one or more of these 

characteristics. This research considers everything associated with the project, where it 

is taking place and the external factors affecting it (organizational factors, personnel and 

environmental factors, as well as project characteristics) to contribute to complexity.  

The current research was designed to determine whether or not there is a relationship 

between project characteristics and organizational factors (which together are defined 

as contextual factors) and CSFs. The definition of success, per se, was not part of the 

study since only project managers provided data and since the timeframe was limited to 

within six months of project completion. This research investigated two sources of 

complexity, project characteristics and organizational factors. The project characteristics 

deal with both the technical aspects and organization disruption caused by a project. 

Organizational factors derive from the organization in which the project is undertaken. 

These complexity sources will be discussed more fully in Chapter 2. This research 

focused on two types of enterprise projects (ERP and EHR).  
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Table 1.2: Organizational and project characteristics as defined in previous project 
management studies 

Authors        
 Project Type 

Organizational and Project Characteristics 

Baccarini (1996) 
PM model 

• Organizational (by differentiation and by interdependency) 
• Technological (by differentiation and by interdependency) 

Balachandra & 
Friar (1997) 
New Product 
Development 

• Level of technology (high or low) 
• Newness to the market (existing or new) 
• Innovation (radical or incremental) 
• These 3 dimensions form a cube with 8 levels 

Williams (1999) 
PM model 

• Structural uncertainty (by number of elements and by  
interdependency) 

• Uncertainty (in goals and in methods) 
Shenhar et al. 
(2001)  
PM model 

• Technological uncertainty (by 4 levels, low, medium, high and super) 
• System scope (by 3 levels, assembly, system and array)  

Jaafari (2003)  

PM model 

• Project complexity (either high or low) 
• Environmental complexity (either high or low) 
• These 2 factors form 4 levels: LL – Ad hoc model; LH – Bureaucratic 

model; HL – Normative model; HH – Creative-reflective model 
Maylor (2003) 
from Maylor et 
al. (2008)  
PM model 

• Organizational (people, depts., orgs, locations, nationalities, 
languages, time zones involved, level of organization buy-in and 
authority structure) 

• Technical complexity (tech novelty, of system, interface and  
uncertainty) 

• Resource complexity (scale of project/resources) 
Xia and Lee 
(2004)  

IT/IS Projects 

• Organizational/Technological 
• Structural/Dynamic 
• These factors form 4 levels: Structural_Org; Structural_IT; 

Dynamic_Org and Dynamic_IT 

Shenhar et al. 
(2005) 
NASA projects 

• Novelty (derivative, platform, and breakthrough) 
• Technology (low-tech, medium-tech, high-tech and super high-tech) 
• Complexity (assembly, system, array) 
• Pace (regular, fast/competitive, time-critical and blitz) 

Vidal and Marle 
(2008) 

PM model 

• Organizational complexity (by project system size and system variety, 
and interdependencies in system and elements of context) 

• Technological complexity (by project system size and system variety 
and interdependencies in system and elements of context) 

Arranz and 
Arroyabe (2008) 
R&D Projects  

• Process complexity 
• Structural complexity, and 
• Behavioral complexity 
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The implementation of an ERP system is not the same from one project to the next. For 

example, differences in organizational characteristics (number of sites) and project-

specific characteristics (e.g., level of customization) exist. For any project, complexity is 

inherent in the project and is a result of the interaction of the project, the organizational 

context and project team member competencies (Geraldi, 2009). Project characteristics 

and organizational factors have a large impact on the inherent complexity of projects, 

but the impacts of project characteristics and organizational factors on project CSFs 

have not been empirically confirmed.  

Project characteristics and organizational factors are known to have a large impact on 

the inherent complexity of projects, yet “There is no agreement in the community of 

researchers on what complexity should mean and what its essential properties are,” 

(Chu, 2008, p. 313). Researchers in the area of project management have been 

attempting to define key aspects of project complexity since the 1990’s. A synthesis of 

various complexity constructs suggested in earlier studies is shown in Table 1.3. One 

commonality across different research domains is that complexity results from 

interaction between the project and the external environment.  
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Table 1.3: Complexity constructs as defined in previous project management studies 

Authors Project Complexity Constructs 

Baccarini (1996)  • Organizational complexity (by differentiation and by interdependency)  
• Technological complexity (by differentiation and by interdependency)  
•  Integration  

Williams (1999)  • Structural uncertainty (by number of elements and by interdependency)  
• Uncertainty (in goals and in methods)  

Turner and 
Muller (2005)  
(from 1999) 
 

Project Success Model 
• Systems  (internal to organization)  
• People  (internal to organization)  
• Project Drivers  (internal to organization) 
• Definition  (external to organization) 
• Sponsorship  (external to organization) 
• Attitudes  (external to organization)  
• Context  (external to organization) 

Geraldi and 
Adlbrecht (2007)  

• Complexity of faith (by level of immaturity and by dynamics)   
• Complexity of fact (by number of sources/elements and by 

interdependence   
• Complexity of interaction (by reference, transparency, and empathy)  
• Project type (by size, amplitude of responsibility, and customization and 

uniqueness) 

Vidal and Marle 
(2008)  

• Organizational complexity (by project system size and system variety, and 
interdependencies in system and elements of context)  

• Technological complexity (by project system size and system variety and 
interdependencies in system and elements of context) 

Arranz and 
Arroyabe (2008)  

• Process complexity  
• Structural complexity, and  
• Behavioral complexity 

There are two important considerations for the study of complexity. First, all the 

elements of the system depend on and affect all the others, (Vidal & Marle, 2008). 

Second, two projects are never identical; projects are always contextually specific so 

that actions and reactions will be unique (Koivu, Nummelin, Tukiainen, & Atkin, 2004). 

These two aspects of complexity (interdependency and uniqueness) highlight the need 

for understanding both project characteristics and organizational factors when trying to 
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identify CSFs. Understanding the effects of project characteristics and organizational 

factors may shed light on previous, inconsistent findings which have identified different 

CSFs.  

CSFs are defined as those items that must be done correctly for success of the project 

(Rockart, 1979). Researchers have defined categories of CSFs. These categories have 

changed over time as the system studied has changed from a particular organization, to 

projects in general and finally to an individual project type. Daniel (1961) used CSFs to 

identify the information needed by managers to successfully manage the organization 

and to enable creation of an information system (IS) to support management’s efforts to 

improve organizational performance. Slevin and Pinto (1987) associated CSFs with 

generic project stages and the focus of the tasks being done at different stages in a 

project. More recent researchers have associated CSFs with specific types of projects 

and created categories of CSFs to reflect these different types of projects. The 

terminology associated with CSF research has become more descriptive and focused 

over time, but CSF categories are still used inconsistently in the literature. An example 

of CSF categories developed by previous researchers is shown in Table 1.4.  
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Table 1.4: Critical Success Factor categories (1961-2007) 

Authors  Critical Success Factor Categories  

Daniel (1961)  • Planning  
• Controlling  

Rockart (1979)  • Monitoring  
• Building  

Slevin and Pinto (1987)  • Strategic  
• Tactical  

Belassi and Tukel (1996)  • Factors relating to the project  
• Factors relating to the project manager and team  
• Factors relating to the organization  
• Factors relating to the external environment  

Garcia-Sanchez and Perez-Bernal 
(2007)  
 

ERP Projects 
• Human Factors  
• Technological Factors  
• Organizational Factors  

CSFs have historically been proposed for projects, without regard to project 

characteristics or organizational factors. Differences between project implementations 

resulting from project characteristics and organizational factors and the impact of 

differences on CSFs have not been validated. An example of the type of project 

characteristic differences that have not been well-studied is the way in which system 

implementations are completed. For example, some organizations implement all 

modules of an ERP system at all business locations simultaneously; whereas, other 

organizations will roll out modules individually at a single or a small number of sites first. 

This variation may be responsible for differences in reported project CSFs (Balachandra 

& Friar, 1997).  
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1.1 Research Motivation  

Organizations are implementing critical systems through complex projects to maintain 

competitiveness in the marketplace. It is unlikely that the need to be competitive will 

change in the near future. The low success rate of complex projects is a source of 

economic inefficiency. Additional understanding of the effect of project characteristics 

and organizational factors could change the management of projects that are of 

strategic importance to organizations and improve project success rates.  

The need for research to uncover the role of project characteristics and organizational 

factors in the determination of CSFs has been identified by previous researchers. 

Shenhar et al. (2001) stated that project complexity created as a result of project 

characteristics and organizational factors had not been considered in the project 

management process or the development of project CSFs. Xia and Lee (2004) wrote 

“there are no well-defined frameworks in the literature that can be used to 

systematically describe the key dimensions and characteristics of [project] complexity” 

(p. 71). Baccarini (1996) noted that project complexity was one of a project’s critical 

characteristics that determined the actions needed to manage the project 

successfully.  Hyvari (2006) concluded that “there is not enough knowledge about the 

dependencies between organizational context and CSFs in project management” (p. 

33).  
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This research contributes to the body of knowledge by acknowledging the likelihood of 

the important role of project complexity on CSFs, where project complexity is 

operationalized by project characteristics and organizational factors. The competitive 

environment requires increasing efficiency in organizations. Understanding the 

relationship between complexity and CSFs will allow improved efficiency, as this 

understanding will enable managers to assign resources to have the largest impact on 

project success possible. 

1.2 Research Model and Hypotheses  

While the potential importance of a relationship between complexity (resulting from the 

interaction of project characteristics and organizational factors) and CSFs has been 

identified by previous researchers, there is currently minimal empirical research 

demonstrating this relationship. This research tests for the presence of a relationship 

between project complexity, composed of project characteristics and organizational 

factors, to CSFs. The areas of complexity tested in this research include six project 

characteristics and seven organizational factors as shown in Figure 1.2. The proposed 

research will determine first if a relationship exists between complexity and CSFs. If 

project characteristics and organizational factors can be objectively defined and the 

relationship with CSFs identified, then knowledge of these project characteristics and 

organizational factors should support the identification of project-specific CSFs. These 
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project-specific CSFs can then be used by management in the allocation of resources, 

potentially increasing the likelihood of project success. 

 

Figure 1.2: Research complexity model (independent variables) 

The independent variables included in this research were primarily based on Belassi and 

Tukel (1996) and Maylor et al. (2008). The variables chosen were compared to Maylor et 

al.’s (2008) managerial complexity areas. Similarities are noted in Table 1.5. 

Organization size and industry type were both considered by Belassi and Tukel, but not 

by Maylor et al.  

This research was also informed by research on complexity. In complexity theory, all 

project and organizational characteristics and interaction between characteristics are 

thought to contribute to complexity. Vesterby (2008), in the general model of 
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complexity, states that systems are defined by the components and the relationships 

between these components.  

Table 1.5: Independent variables compared with Maylor 's Managerial Complexity Areas 
(Maylor et al., 2008) 

Independent Variables Maylor’s Managerial Complexity Area 

Organization size  

Organizational culture variety Organization – Space, Time 

Informal power structure Stakeholders – Inter-stakeholder relationships 

Industry type  

System being implemented Mission - Scale 

Project manager experience Delivery – Process; Team – Project manager 

Project team characteristics Delivery – Resources; Team – Project staff, Group 

Implementation complexity Mission – Uncertainty, Scale 

Organization disruption Organization – Organizational change; Delivery - 
Process 

The independent variables studied in this research were project characteristics and 

organizational factors. Some of the variables hypothesized to affect the CSFs for system 

implementation projects, included the experience of the project manager, the presence 

within the organization of groups having informal power, the size of the organization 

undergoing system implementation, the impact of the project on the organization 

employees (disruption), the size of the project (measured by number of modules 

implemented and length of implementation project), the customization level, and the 

type of software being implemented. These variables were measured using objective 

data collected from managers (or consulting managers) in organizations that had 

recently implemented an ERP or EHR system.  
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The dependent variables were CSFs. The CSFs used in this study were the CSFs identified 

as most important by Finney and Corbett (2007), Garcia-Sanchez and Perez-Bernal 

(2007), Nah, Lau and Kuang (2001), Nah, Zuckweiler and Lau (2003), Nah and Delgado 

(2006) and, Somers and Nelson (2004). Previous research has also identified the 

importance of project objectives (Plant & Wilcox, 2007) on project success. As a result, 

project objectives were also included as a CSF. In software implementation projects, 

previous researchers have discussed the importance of both early adopters and super-

users (Butler & Pyke, 2002, Skok & Legge, 2001). Early adopters and super-users were 

combined into a single CSF. The entire set of CSFs studied in this research are 

summarized and defined in Table 1.6. The research hypotheses developed for this study 

are summarized next. 

Hypotheses:  

H1: Organization size, the number of sites being implemented, the geographic dispersion 

of sites, the informal power in the organization, the enterprise system implementation 

number (first or other), project manager experience, project team multifunctionality, 

number of modules implemented, implementation duration and organization disruption 

impact the importance ratings of individual CSFs for ERP projects and for EHR system 

projects. 

H2: The ranked list of CSFs (based on average rating values) is the same for ERP and EHR 

system implementation projects.  



18 
 
Table 1.6: Dependent variables - CSFs 

Current Research CSFs Operationalized Definition 

Top Management 
Support 

Top Management provides resources and communicates the project priority 
and strategy to all employees; it understands the project risks (Somers & 
Nelson, 2001). 

Change Management of 
Personnel (Transition 
Management) 

Through communication, training and negotiation the organization creates a 
project shared vision with values and goals to promote project success (Nah & 
Delgado, 2006).  

Business Process 
Reengineering (BPR) 

Business processes are aligned with the new enterprise system to increase the 
efficiency of the organization’s processes (Somers & Nelson, 2001) 

Communication Early and continual communication of system capabilities including software 
demonstrations, expectations, timelines, and organization goals (Nah & 
Delgado, 2006).  

Training/User Support All employees have access to training and on-going support through super-
users. 

End User Involvement End users from impacted functions are active participants throughout the 
project, to ensure software is appropriate. (Zang et al., 2003) 

Project Team 
Composition 

Team participants include affected functional areas. Cooperation between 
departments is developed through a shared mental model (Nah & Delgado, 
2006).  

Project Team 
Competence & 
Coordination 

Competent people who freely share information with the team, fostering 
creativity and innovation (Nah & Delgado, 2006). 

Clear & Measurable 
Project Objectives 

A common understanding of the system objectives shared by all parties. 
Performance objectives are designed to encourage desired behavior (Umble, 
Haft & Umble, 2003). 

Business Plan/Vision Clear and compelling vision including clear measurable goals and objectives 
linked to business goals and IT strategy, covering 3-5 years (Umble et al., 2003; 
Finney & Corbett, 2007). 

Project Champion Executive level official who reduces resistance and facilitates goal setting, 
advocates change, understands the business, organizational and technical 
perspectives (Nah & Delgado, 2006; Somers & Nelson, 2001). 

IS Selection Selection of IT system involving all functional groups; capabilities tested for fit 
with minimum customization using test scenarios. 

Project Management Position that requires technical, programmatic and soft skills in order to 
complete the project successfully.) 

External Consultants Personnel brought in due to specific enterprise system knowledge, who do not 
have direct control of the project (Somers & Nelson, 2001).  

Problem Resolution 
Process 

Open, collaborative problem resolution process between functional groups for 
process and procedural issues, done in a timely manner. 

Technological Change 
Management (Change 
management) 

Measurement of how well the project team and manager keep current of 
changes requested and provide feedback to the different departments. 

Early Adopter Super-
Users 

Department users who get involved early and stay after the implementation to 
advise personnel and promote usage, diffusing knowledge. 
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The first hypothesis tested the relationship identified by researchers such as Baccarini 

(1996), Shenhar et al. (2001), Xia and Lee (2004) and Hyvari (2007). The second 

hypothesis focused on determining if CSFs are the same for different EIS 

implementation projects. The hypotheses build on previous research and were designed 

to advance the understanding of CSFs in EIS project implementations by looking at the 

role of contextual factors, by studying both ERP and EHR system implementation 

projects, and by focusing on a lesser-studied set of organizations (small and medium-

size). There is currently minimal research specifically comparing the impact of 

complexity on EHR and ERP system implementations on CSFs. If similarities were shown, 

the knowledge gained from ERP research could be applied to EHR system 

implementation projects. 

1.3 Methodology  

To study the effect of complexity on CSFs for enterprise system implementation 

projects, a quantitative study was undertaken. The research used surveys administered 

by phone to collect necessary data. Participant project managers managed an EIS 

project that was within six months of (before or after) completion. During the survey 

administration, participants were given an opportunity to provide additional comments.  

In particular, specific project details recorded based on these comments included CSFs 

that were not part of the survey. Additional information provided by the project 

managers added to the general understanding of the critical success factor ratings 
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provided by each project manager and also highlighted issues associated with each 

project.  

The survey questions were structured and developed based on previous research from 

both the project management and information technology bodies of knowledge. The 

questions, when possible, were adaptations of items developed or included in previous 

surveys. Since this study was one of the first to explicitly test the relationship between 

project complexity and CSFs, the number and scope of constructs was purposely limited. 

The majority of the items required objective, closed-ended responses. With objective 

responses to the questions, it was thought that the results would be more transferable 

to other domains. Additional close-ended questions about the project manager and 

project were also included in the survey. These additional questions were related to the 

project manager’s perception of self and actions taken to improve the manager’s 

project management capabilities.  

1.4 Contribution 

Industrial engineers focus on improving the efficiency and effectiveness of operations. 

Improvements to efficiency and effectiveness can be made using any industrial 

engineering focus areas, including human factors engineering, manufacturing systems 

engineering, operations research and management systems engineering. This research 

investigates an area of management systems engineering. This research seeks to 

identify where to focus management attention in organizations implementing ERP and 
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EHR systems. The end goal of this research is to increase project success rates, even 

when undertaking a complex project. The results of this research will contribute to the 

scholarly body of knowledge in the management systems engineering area. 

CSFs and complexity have been widely researched separately; however, the relationship 

between CSFs and complexity has not been well-supported by previous research 

findings. Project characteristics and organizational factors define the complexity of the 

project; however, there is insufficient empirical evidence of these variables being 

systematically assessed simultaneously in relation to the impact on CSFs. This research 

makes a contribution to the understanding of and improvement of project management 

through increasing knowledge of how complexity impacts projects.  

Complexity was specifically defined to include project characteristics and organizational 

factors. The societal changes associated with general technology acceptance and usage 

as well as software and system interface improvements need to be considered when 

researching information systems since these changes could impact CSFs. The 

interrelation of the contextual factor categories, identified by Belassi and Tukel (1996) is 

another area understudied, and, as a result, is a second area where this research 

provides additional understanding. Understanding of these issues should also improve 

project management effectiveness. Researchers such as Dulewicz and Higgs (2005) have 

started research to look at the relationship between project complexity and leadership. 

However, the complexity associated with the interaction of project characteristics and 
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organizational factors is not sufficiently characterized at this time to be able to fully 

understand the impact of contextual factors on CSFs. 

This research contributed in five areas. First, it evaluated the validity of previously 

published CSFs for more recent ERP projects. Second, it demonstrated the impact of 

contextual factors on CSFs for ERP projects. Third, it evaluated CSFs and demonstrated 

the impact of contextual factors on CSFs for EHR projects. Fourth, this research 

evaluated ERP and EHR system CSFs factors to determine if the CSFs for the different 

systems are the same or different. Finally, this research also evaluated three, lesser-

studied enterprise system success factors and found evidence for the importance of two 

of these CSFs for ERP implementation projects. 

This research serves as a starting point for developing a more detailed, quantitative 

understanding of the impact of contextual factors on enterprise system 

implementations. For project managers and other practitioners, this research provides a 

better understanding of the differences between CSFs for ERP and EHR 

implementations. This research also provides information to help project managers 

understand how contextual factors can impact the CSFs important for a project. 
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2 Literature Review  

The topics covered in the literature review are complexity, project management and 

CSFs. Complexity has been investigated by researchers from many different fields. The 

review of complexity attempts to provide an overview of the diverse definitions of 

complexity. There are four different topics related to complexity that were included in 

the review. First to be presented are definitions and examples of complex systems as 

found in the literature. The second topic is a summary of the theory of complexity. 

Third, task complexity is described, and lastly, project complexity is examined.  

Project management is the second major area of the literature reviewed. A very general 

overview of projects and project management is presented before moving into a 

summary of literature related to ERP and EHR projects, the projects types being 

investigated in this research. ERP and EHR software systems are described, and the 

impact of ERP/EHR system implementations within an organization are also discussed. 

Finally, the features of ERP and EHR software and implementation project 

characteristics are summarized to provide additional background and details relevant to 

this research study. 

The final section of the literature review provides an overview of the concepts of CSFs. 

The discussion of CSFs is organized chronologically, starting with the initial 

popularization of the concept of CSFs and moving to more recent studies and theories 

addressing the categories and structure of CSFs. The shortcomings of previous studies 
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and areas of concern related to the applicability of CSFs are also reviewed. CSFs for ERP 

and EHR, as identified in previous research, are used to highlight the shortcomings of 

previous research and to provide motivation for this study. Three specific research 

models associated with the classification of CSFs are also summarized. 

2.1 Introduction to Complexity 

The field of complexity is very broad and not well-defined. The description from Chu 

(2008) puts this in perspective. “[T]he field of complex systems has been studied for 

over 20 years, and it is fair to say that it has been successful in many ways. All this time 

complexity researchers have managed to study complex systems without being able to 

pin down what complexity actually is,” (p. 321). The communities of researchers have 

not agreed upon a common definition or even a list of important properties associated 

with complexity (Chu, 2008). Complexity theory has been used in many fields and with 

varying definitions. Complexity theory “can be defined broadly as the study of how 

order, structure, pattern, and novelty arise from extremely complicated, apparently 

chaotic systems and conversely, how complex behavior and structure emerges from 

simple underlying rules” (Cooke-Davies, Cicmil, Crawford, & Richardson 2007, p. 52). 

Complexity theory was demonstrated in nature in the late 1960’s with the use of 

computers with high processing power. Lorenz, a meteorologist at MIT, was running 

weather simulations and happened to interrupt one run. On rerunning the data, it was 

found that the data had produced widely divergent results. This incident resulted in the 
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development of the principle of a “sensitive dependence on initial conditions” (p. 52). 

This result, where very small changes in initial conditions can result in major differences 

later, became known as the “butterfly effect” (Cooke-Davies et al., 2007).  

Two examples of complex systems are self-organizing systems and Complex Adaptive 

Systems (CAS). In both self-organizing systems and CAS, different parts of the system 

exchange matter and energy while remaining in a state of non-equilibrium. Hurricanes 

are an example of self-organizing systems. CAS are distinguished from self-organizing 

systems in that CAS learn from experience (Cooke-Davies et al., 2007). Common 

features of CAS include: the nonlinearity of interactions, heterogeneity of the 

population, and the ability to learn and therefore adapt to an environment and to one 

another (Chu, 2008). An example of a CAS is human self-organizations.  

One definition of a complex system comes from Jackson (1991) and is quoted in 

Karayaz, Keating, and Henrie (2011, p. 3). A system that has the following characteristics 

is defined as complex: 

1. Large number of variables or elements 

2. Rich interactions among elements 

3. Difficulty in identification of attributes and emergent properties 

4. Loosely organized (structured) interaction among elements 

5. Probabilistic, as opposed to deterministic, behavior of the 

system 

6. System evolution and emergence over time 
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7. Purposeful pursuit of multiple goals by system entities or 

subsystems (pluralistic) 

8. Possibility of behavioral influence or intervention in the system 

9. Largely open to the transport of energy, information, or 

resources from/to across the system boundaries to the 

environment 

This definition includes features referenced by researchers from various fields, including 

the nonlinearity of interactions, a key aspect of CAS. Characteristics for complex systems 

have been identified by other researchers, and are described next. 

It can be stated that there are two important considerations with complexity. First, 

“there is a complete interdependence between the components of the complexity: each 

element will depend on and influence the others” (Vidal & Marle, 2008, p. 1098). One 

type of a complex system is a project. “Projects are never alike and they are context 

specific. The context and practices that apply to one project, are not directly 

transferable to other projects with different institutional and cultural configurations, 

which have to be taken into account in the processes of project management and 

leadership” (Koivu et al., 2004, p. 29). The challenge of working with complex human 

systems is characterized by Lessard (2007, pp. 4-5): 

“Complexity science is the study of complex adaptive systems. Complex 

adaptive systems are characterized by a large number of agents or 

elements interacting dynamically and exchanging information through 

relatively rich means, and whose actions are interconnected among all 
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agents in the system (Anderson, Crabtree, Steele, & McDaniel, 2005; 

Anderson and McDaniel, 2000; Gatrell, 2005; Plsek & Greenhalgh, 2001). 

Although interactions occur at a local level, the richness of connections 

and patterns of relationships among agents means that they can have an 

impact on the whole system (Albrecht et al., 1998; Anderson & McDaniel, 

2000; Anderson et al., 2005; Gatrell, 2005; Munday, Johnson & Griffiths, 

2003). No single agent or element knows the system as a whole; 

therefore, one cannot understand a complex adaptive system by 

examining individual components (Anderson & McDaniel, 2000; 

Anderson et al., 2005; Gatrell, 2005). Interactions are non-linear, 

meaning that small, random changes in one component or element of 

the system can lead to large change in that system (Albrecht et al., 1998; 

Anderson et al., 2005; Gatrell, 2005; Munday et al., 2003; Plsek & 

Greenhalgh, 2001). There are often positive and negative feedback loops 

in the interactions (Anderson & McDaniel, 2000; Gatrell, 2005; Munday 

et al., 2003).” 

There is no agreement on how best to define the complexity of a system. The lack of 

agreement can be demonstrated through examples from the literature. Complexity 

theory and the existing definitions of complexity provide a helpful framework for 

conceptualizing complex human systems (CAS) such as projects and are discussed next.  

2.1.1 Complexity Theory 

Attempts to measure the complexity of a system frequently start with a simplified 

model of the system. These models often map system outcomes with a probability 

value. This probability attempts to explain the results that have been experienced. Such 
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models assume that future outcomes can be predicted based on past behaviors and 

patterns. However, the system and the people in complex systems interact, affecting 

each other. The system can be an organization, where the goals of the individuals in the 

organization may conflict with the objectives of the organization. Simplifications to 

create models cannot explain all factors of a real system. Models often remove 

organizational content specific to a system for purpose of analysis, essentially 

eliminating the complexity (Gummesson, 2006). Perez (2008) classified the uncertainty 

associated with various simplifications as 1) ill-defined precedents and 2) non-linear 

interactions (p 149). Gummesson (2006) stated that, “complexity theory, a collective 

label for ways of addressing complexity, is characterized by non-linear dynamics and the 

phenomenon of emergence,” (p 170). Emergence is a result of a system in which the 

whole is greater than the sum of its parts, due to interactions. Some researchers 

describe complexity not in the characteristics of the system itself, but by the system’s 

interaction with the environment (Chu, 2008). One area of research that has used this 

definition is complex systems defined by chains of symbols (e.g., genomes and 

evolution); Adami and Cerl (2000) describe this as physical complexity. 

Vesterby (2008) explained complexity by breaking the system apart. The diversity and 

number of components and the relationships between components, result in 

complexity. Anything that increases the number or type of components in a system or 

increases the types of relationships between components increases the system 
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complexity. Six different measures were proposed by Vesterby (2008) to obtain a basic 

understanding of the complexity of a system: the total number of components, the 

number of different types of components and the amount of each type, the total 

number of relations, the number of different types of relations and the number of each 

type. The measure of complexity as specified by Vesterby can be calculated using 

Equation 1. 

Total Complexity for the system = [(total # of entities) * (different types of entities) * (# 

of each type of entity) * (total # of interactions) * (different types of interactions) * (# of 

each type of interactions)]             EQ1 

As the number of roles and inter-relationships increases, the complexity associated with 

the system increases rapidly. Complexity can also exist at different levels. While 

complexity theory seeks primarily to describe complex systems, within organizations 

and projects, complexity can also exist at the task level. Task complexity is discussed 

next. 

2.1.2 Task Complexity 

An elementary example of a task is a simple task, one in which there is no uncertainty 

about the required actions. For example, ‘clapping your hands’ could be defined as a 

simple task. The name describes what is used to perform the task as well as how to 

perform the task. The opposite end of the spectrum would be a task with total 
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uncertainty; where the information that is needed to perform the task is unknown and 

the process to use, and/or the expected results are also unknown. A complex task 

example is ‘determine how to colonize the moon’. There is no easy, simple solution or 

action.  

Task complexity has been studied by researchers from three different areas:  

information processing and decision making, task and job design, and goal-setting 

(Campbell, 1988). The approaches used by researchers in these areas can be organized 

into a framework organized by the source of complexity. Representative task 

characteristics and key research studies of these characteristics are summarized in Table 

2.1 (Campbell, 1988). 

The first source of task complexity is associated with a psychological experience. 

Complexity can be created by the subjective psychological experience associated with a 

particular task. A task with many details associated with it may be seen as overwhelming 

by one respondent, but challenging or enriching to another. Some researchers have 

used the term ‘enrichment’ to describe/define this source of complexity (Campbell, 

1988). The task-person interaction source of complexity includes both the respondent's 

skill and the level of task complexity. The more skilled a respondent is, the less complex 

the task. Researchers also distinguished between prescribed and non-prescribed tasks; a 

task is considered non-prescribed if the alternatives are incompletely defined and there 
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are multiple paths to task completion (Campbell, 1988). Both the psychological and the 

task-person sources of complexity are dependent on the individual performing the task.  

Table 2.1: Task complexity framework (adapted from Campbell, 1988, p. 44) 
Source of 

Complexity 
Task Characteristic (with representative research) 

Psychological 
Experience 

• enrichment factors (e.g., variety, significance, autonomy) (Pierce & 
Durham, 1976); 

• challenge, stimulation and arousal (Taylor, 1981) 

Task-Person 
Interaction 

• requirements relative to capabilities (March & Simon, 1958); 
• non-prescribed processes (Frost & Mahoney, 1976); 
• experience, familiarity and interest (Shaw, 1976); 
• difficulty (Huber, 1985); 
• substantial cognitive demands (Campbell & Gingrich, 1986) 
• capacity of short-term-memory, attention (Hammond, 1986); 

Objective  
Characteristics 

• uncertain/unknown alternatives or outcomes (March & Simon, 1958); 
• inexact means-ends connections (March & Simon, 1958); 
• information load, diversity and rate of change (Schroder et al., 1967); 
• multiple end-state alternatives (Latham & Yuki, 1975); 
• multiple alternatives with multiple attributes (Payne, 1976); 
• information interrelationships (Steinmann, 1976); 
• multiple path-goal connections (Terborg & Miller, 1978); 
• interrelated and conflicting subtasks (Campbell, 1984); 
• constraints that need to be satisfied (Earley, 1985) 

The third source of complexity is from objective characteristics. Objective characteristics 

do not depend on an individual’s skill or subjective reaction but are associated with an 

object or system. These characteristics rely on an increase in information to increase 

complexity. This information increase can come either through a change in the amount 

of information, a change in the diversity of information, or a rate of change in the 

information (Campbell, 1988). Table 2.2 summarizes the sources of complexity arising  
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Table 2.2: Comparison of complexity sources from objective characteristics (adapted 
from Campbell, 1988, pp. 42-43) 

Researcher Sources of Complexity from Objective Characteristics 

March and Simon 
(1958) 

(a) unknown or uncertain alternatives or consequences of actions; 
(b) inexact or unknown means-ends connections; 
(c) existence of a number of subtasks which may or may not be easily  
factored into nearly independent parts 

Schroder, Driver 
and Streufert 
(1967) 

(a) the number of dimensions of information requiring attention (information 
load); 
(b) the number of alternatives associated with each dimension (information 
diversity); 
(c) the rate of information change (degree of uncertainty involved) 

Latham and Yukl 
(1975) 

complex tasks have multiple performance dimensions and complexity arises 
from the attempt to determine which configuration of the performance 
dimensions is optimum 

Schwab and 
Cummings (1976) 

(a) the magnitude of the stimulation; 
(b) the variation of the stimulation; 
(c) the number of sensory modalities that were affected 

Steinmann (1976) 

(a) number of information sources; 
(b) cue inter-correlations; 
(c) cue reliabilities; 
(d) cue validities (i.e., task predictability); 
(e) cue and criterion variability; 
(f) form of the function (linear, curvilinear, etc.); 
(g) the principle underlying the integration of the information 

Terborg and 
Miller (1978) 

(a) there is only one way to complete the task, though there appear to be 
multiple; 
(b) there are several ways to complete the task and the best or optimal must 
be determined by the decision maker 

Payne (1976), 
Olshavsky (1979) 

(a) number of alternatives facing the decision maker; 
(b) number of attributes on which each alternative was compared 

Campbell and 
Gingrich (1986) 

(a) interrelated elements; 
(b) conflicting elements; 
(c) high cognitive demands on the decision maker 

Wood (1986) 
(a) component complexity; 
(b) coordinative complexity; 
(c) dynamic complexity 
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from objective characteristics (Campbell, 1988), as defined in nine different research 

studies. 

The task characteristics defined in Table 2.1 can be used to identify four different and 

general sources of task complexity, which can then be used in combination to define 

fifteen different types of complex tasks, summarized in Table 2.3. These fifteen complex 

task types can be further organized into four different task types as summarized in Table 

2.4. The four task types are problem, decision, judgment and fuzzy tasks. Problem tasks 

are those tasks focused on finding the optimal way to achieve the desired result, when 

there are multiple ways to achieve the optimal result. Decision tasks are those in which 

the emphasis is on most effectively obtaining a desired result or end state, when 

multiple results or end states are desired. When the focus of a task is on (1) integrating 

diverse sources of information and (2) making a judgment regarding a future state using 

these sources of information, these tasks are called judgment tasks. The fourth task type 

is fuzzy tasks, which result when there are multiple desired results and multiple ways of 

achieving each result.  These four task types are useful for differentiating the complexity 

of tasks. Additional differentiations associated with task complexity levels is discussed 

next. 
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Table 2.3: Typology of complex tasks (Adapted from Campbell, 1988, p. 46) 

Different 
Complexity 

Tasks* 

Task 
Types 

** 

Source 1: 
presence of 
multiple paths to a 
desired end-state  

Source 2: 
presence of 
multiple desired 
end-states 

Source 3: 
presence of 
conflicting 
interdependence 

Source 4: 
presence of 
uncertainty or 
probabilistic linkages 

1 A X 
   

2 B 
 

X 
  

3 C 
  

X 
 

4 C1 
   

X 

5 C2 
  

X X 

6 B1 
 

X X 
 

7 A1 X 
 

X 
 

8 B2 
 

X 
 

X 

9 A2 X 
  

X 

10 D X X 
  

11 B3 
 

X X X 

12 A3 X 
 

X X 

13 D1 X X 
 

X 

14 D2 X X X 
 

15 D3 X X X X 

*  The number of complex tasks based on the combinations of the four different sources of task 
complexity 

** Task type, associated with one, two or three different sources of task complexity 

Task type has also been investigated using a different perspective (Bystrom & Jarvelin, 

1995). While Campbell (1988) based task type on the source of task complexity, Bystrom 

and Jarvelin evaluated how task complexity affected information seeking behavior and 

information use. Bystrom and Jarvelin’s research was conducted in a government office. 

The results of the study identified a relationship between task complexity, types of 

information, and information sources. The complexity of tasks could be determined  
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Table 2.4: Complex task classifications (Adapted from Campbell, 1988, p. 47) 

Task Type Complexity Sources Examples 

Problem 
Tasks 
 

(A) Path multiplicity to a single desired outcome; 
(A1) Conflicting interdependence among paths;  
(A2) Uncertainty; 
(A3) (Outcome multiplicity is irrelevant). 

Chess problems;  
Personnel  scheduling; Personnel 
placement  

Decision 
Tasks 

(B) Number of desired outcomes to attain;  
(B1) Conflicting interdependence among outcomes;  
(B2) Uncertainty; 
(B3) (Path multiplicity irrelevant).  

Employee selection;  
Choosing a house;   
Selecting a building site  

Judgment 
Tasks 

(C) Conflicting and probabilistic nature of task 
information; (C1) Uncertainty;  
(C2) (Multiplicity of desired outcomes and 
multiplicity of paths irrelevant).  

Intelligence analysis;  
Stock market analysis;  
Multiple cue probability learning 

Fuzzy 
Tasks 

(D) Outcome multiplicity;  
(D1) Path multiplicity;  
(D2) Conflicting interdependence;  
(D3) Uncertainty. 

Business ventures 

based on the worker’s uncertainty about the information requirements, processes, and 

outcomes of the task. Simple tasks, those tasks containing none of the four sources of 

complexity, were identified as repetitive work or an automatic information processing 

tasks. Complexity was found to increase as alternate paths to the desired outcome 

existed and with outcome novelty. The task categories of Bystrom and Jarvelin are 

equivalent to the complex task classifications of Campbell. These two approaches to 

defining task complexity have been synthesized. This synthesis is represented in Figure 

2.1. The task categories on the left hand side of the figure are from Bystrom and 

Jarvelin, along with the information needed and process knowledge to the right of the 

task category (1995). A solid arrow represents information or a result known a priori, 

while a dashed arrow represents unknown information. The shaded portion of the 
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process boxes depicts the degree to which processes are known. A connection is made 

between the Bystrom and Jarvelin research (the left side of Figure 2.1) and the Campbell 

research to delineate task types (the right side of Figure 2.1). The connection between 

the works of these researchers describes the information seeking behavior and 

information use associated with each task type. These are further described next. 

 

Figure 2.1: Task Categories: relating information requirements and decision types.  
From “Task complexity affects information seeking and use,” by K. Bystrom, K. Jarvelin, 
1995, Information Processing & Management, 31 (2), p. 195. Copyright @ by Elsevier 
Publications. Adapted with permission. 

Bystrom and Jarvelin (1995) found that when task complexity increases, the complexity 

of the information needed also increases. Task complexity drives an increase in problem 
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solving information and number of sources, but the useful percentage of information 

decreases. The types of information sources also shift with task complexity. As the task 

complexity increases, the sources of information become more external and general 

purpose and less fact or problem-oriented.  

An alternate definition of task complexity comes from Wood (1986) and uses three 

dimensions of complexity as summarized in Table 2.5. Wood took a theoretical 

approach to the measurement of complexity. Objective complexity characteristics were 

first defined then measured and tested. Wood (1986) believed that frameworks that use 

inductively derived task characteristics could potentially confound interactions. 

Table 2.5: Dimensions of task complexity (Adapted from Wood, 1986, pp. 66-72) 
Dimension  Description Formulation  

Component   
complexity  

A direct function of the number of distinct acts that need to be 
executed in the performance of the task and the number of distinct 
information cues that must be processed to perform those tasks.  

TC1 

Coordinative  
complexity  

Refers to the nature of relationships between task inputs 
(information cues and acts) and task products. This includes the form 
and strength of the relationships as well as the sequencing of the 
inputs which may show as timing, frequency, intensity and location 
requirements of acts.  

TC2 

Dynamic   
complexity  

Changes in the relationships between task inputs  and products 
caused by changes in the state of the world which affect  the 
knowledge or skills required for the task.  

TC3 

The three dimensions of complexity defined by Wood (1986) included products (results), 

(required) acts, and information cues. These are similar to the results, processes and 

information structure proposed by Bystrom and Jarvelin (1995) and the number of 
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components, diversity of components and the relations between components proposed 

by Vesterby (2008). Wood further defined three analytical dimensions of task 

complexity: (1) component complexity, (2) coordinative complexity and (3) dynamic 

complexity. The complexity of a task is "a direct function of the number of distinct acts 

that need to be executed in the performance of the task and the number of distinct 

information cues that must be processed in the performance of those acts" (Wood, 

1986, p. 66). Information cues are stimuli that are presented as facts during task 

completion and are needed to make decisions or judgments.  

Wood proposed that the total task complexity (TCt) can be defined by a linear 

expression as expressed in Equation 2. The terms and meaning for each type of 

complexity in Wood’s (1986) derivation are described by Equations 3, 4, and 5. 

TCt = αTC1 + βTC2 + γTC3, assuming a linear combination, and α > β >γ,      EQ2 

with the three complexity terms expressed in standardized units 

(Wood, 1986, p. 74). 

TC1 = ΣΣWij, where Wij is the number of information cues to be                  EQ3 

processed in the performance of the ith act of the jth subtask 

TC2 = Σri, where this sum is the “number of precedence relations               EQ4 

between the ith and all other acts in the task” (Wood, 1986, p. 69). 

TC3 = Σ(TC1(f + 1) - TC1(f))(1 – pTC1) + (TC2(f + 1) – TC2(f ))(1 – pTC2) ; where           EQ5 
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component complexity and coordinative complexity are both 

measured in standard units, the term of (1– pTC1) reflects the 

predictability of the changes, and pTC1, and pTC2  are the 

autocorrelation for the component and coordinative complexity 

respectively. Dynamic complexity is summed over the time periods in 

which the task is measured (Wood, 1986, pp. 72-73). 

Attempting to count the distinct acts, the form and strength of relationships, or the 

changes in those relationships to measure complexity would be extremely difficult since 

items such as predictability and count of information cues are unknown. However, the 

sources of task complexity and the task type using Campbell’s (1988) classification 

system can be determined before tasks are combined to become a project. This 

summing of complex tasks provides a framework for evaluating the complexity of an 

entire project. Task complexity also provides a framework for defining project 

complexity, which is discussed next.  

2.1.3 Project Complexity  

To show the relationship between complex tasks and complex projects, an aerospace 

project is used as an example. The project is made up of numerous tasks that can be 

considered complex. One task, for example, might be achieving the needed propulsion 

within certain weight and space restrictions. The project manager must coordinate 

various groups to achieve the final requirements, while keeping upper management 
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informed of the project status and managing project schedule. Using the models of 

Campbell (1988), Bystrom and Jarvelin (1995), an aerospace propulsion task would be 

considered a complex task, both for those doing the engineering portion of the work, as 

well as the management portion of the task. Categorizing these tasks as complex tasks 

results from the numerous desired objectives, the numerous ways to achieve each of 

the objectives, and the fact that the objectives have conflicting goals and are 

interdependent. The objectives are known, but the interdependence of small design 

changes in a propulsion system can only be modeled. The interdependence cannot be 

measured directly unless the system is built. The interaction of a propulsion system with 

the rest of the system can also only be modeled, not known with certainty, until it is 

tested as a partial or complete system. For the project manager, these uncertainties 

make estimating task schedules and project completion challenging. 

Looking more closely at the project manager’s portion of a complex project, key 

parameters of the project are interdependent. A change in one parameter can lead to 

changes in other areas of the project system. Imagine an engineer gets moved from the 

aerospace project to another project. The experience and knowledge of that engineer 

cannot be easily replaced. The engineer’s knowledge of the system, of the people most 

knowledgeable and the engineer’s relationships with the other people are now missing, 

and will cause a change. System interdependencies of this sort lead to unexpected 

results. Small, random changes in one system element can lead to large changes in other 
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parts of the system (Lessard, 2007). Research from Lawrence and Scanlon (2007) 

discussed the need for feedback loops to account for these types of system changes. If 

such system changes are not considered and accounted for during project planning, 

under-estimation of the time required for system design may occur. This under-

estimation may occur in any project where there are interdependencies.  

For project managers, complexity impacts the system (defined as the project and the 

associated environment that induces complexity) in three main ways. The first of these 

is due to the ability of the system to respond in alternate ways – the system participants 

have a choice. The second system impact is due to the interdependent nature of the 

system, changes in one part of the system affect the rest of the system either directly or 

indirectly. The third way that complexity impacts the system is through the system’s 

ability to transform, evolve or adapt (Cooke-Davies et al., 2007) such that its future 

cannot be predicted due to conflicting agendas, goals, values, etc. Due to interactions in 

complex projects, the project manager never has complete information. The complexity 

due to direct and indirect interactions masks the logic of the project (Lawrence & 

Scanlon, 2007). Responding to the ‘system’ and moving the project in the desired 

direction to achieve objectives is made all the more difficult for the project manager due 

to the direct and indirect interactions impact on the system. 

Due to the importance of projects in the work of organizations and the need to reduce 

uncertainty, studies have been undertaken, attempting to understand complexity. 
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Research frameworks have been put forward to explain project complexity, specifically, 

five different research frameworks will be presented next. The first framework is from 

Baccarini (1996), followed by frameworks of project complexity from Geraldi and 

Adlbrecht (2007), Maylor et al. (2008), Vidal and Marle (2008) and lastly Sauer and Reich 

(2009). The frameworks vary substantially, both in the structure used to represent 

complexity and the detail included in the framework.  

2.1.3.1 Baccarini Framework 

Baccarini (1996) proposed a definition of project complexity, as “consisting of many 

varied interrelated parts that can be operationalized in terms of differentiation and 

interdependency” (p. 202). The two most common types of project complexity, 

according to Baccarini (1996), are organizational and technological complexity. The 

definitions of organizational and technological complexity, in terms of differentiation 

and interdependency, are summarized in Table 2.6. Organizational complexity relates to 

differentiation within the organization, as well as to organization interdependencies and 

interactions. Technological complexity is related to the transformation process 

associated with changing a variety of inputs through actions into outputs. 
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Table 2.6: Baccarini's Project Complexity Framework Explanation (Baccarini, 1996, pp. 
202-3) 

  Differentiation Interdependency 

Organizational 
Complexity  

“… one containing   differentiated parts so 
that the greater the differentiation the more 
complex   the organization”  p. 202 

“… the degree of operational 
interdependencies and interaction 
between the project organizational 
elements”  p. 202 

Technological 
Complexity  

“… the variety or diversity of some aspect of a 
task, such as: the number of separate and 
distinct actions or tasks to produce the end 
product of a project. [and] the number of 
specialties involved on a project” p. 203 

“…interdependencies between 
tasks, within a network of tasks, 
between teams, between different 
technologies, and between inputs” 
p. 203 

2.1.3.2 Geraldi and Adlbrecht Framework 

In a second research framework, Geraldi and Adlbrecht (2007) defined three groups of 

complexity constructs: complexity of faith, fact and interaction. These three complexity 

constructs can vary in intensity from low to high. The complexity of faith and fact are 

impacted by the complexity of interaction. These three groups are defined in Table 2.7. 

Using a questionnaire administered to plant engineers, Geraldi and Adlbrecht (2007) 

translated the three groups of complexity into the project management domain and 

then expanded each complexity group to create an updated model of complexity for 

project management as summarized in Table 2.8. During this translation, the 

researchers added an additional complexity construct, entitled project type.  
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Table 2.7: Complexity of faith, fact and interaction description (adapted from Geraldi & 
Adlbrecht, 2007) 

Complexity of Faith Complexity of Fact Complexity of Interaction 

“… involved in creating something 
unique, solving new problems, or 
dealing with high uncertainty,” 
“few constraints, many options” 
and insufficient information. (p. 
34) 

“… in dealing with a huge amount 
of interdependent information.” 
Insufficient time to process all the 
information to make prudent 
decisions, wrong decisions are very 
expensive. (p. 35) 

“… influences both the 
complexity of faith and fact.” 
It “emerges between two or 
more locations”. (p. 35) “It can 
also be found inside a 
location” (p. 36).  

2.1.3.3 Maylor, Vidgen and Carver Framework 

In the third research framework, Maylor et al. (2008) investigated the complexity of 

projects, as perceived by managers. The researchers held workshops with experienced 

project managers to identify items that made projects difficult to manage. These 

workshops resulted in over 150 items being identified. These items were grouped into 

five areas: mission, organization, delivery, stakeholders and team, as shown in Table 2.9. 

Complexity can be static (structural) or dynamic (Maylor et al., 2008). An example of this 

might be a reporting structure. During an information system implementation the 

organization structure is changed and becomes dynamic. The organization now changes 

the way in which different groups interact, due to the change in the structure. This 

illustrates how a change in one dimension can affect all other dimensions. Maylor et al. 

(2008) identified stakeholders as a major structural complexity area. Since stakeholders 

include anyone involved with the project and since these relationships change over 

time, stakeholders are both a dynamic and static complexity term. Stakeholders are  
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Table 2.8: Updated model of complexity (adapted from Geraldi & Adlbrecht, 2007, p. 41) 

Group Characteristics Perspective Definition 

Complexity 
of Faith 

Level of 
Immaturity 

Technological Level of definition of the final state or product. The 
more detailed the definition the more difficult it is to 
make changes. 

Commercial Definition of tasks and responsibilities defined for each 
group. As above, the more defined the more difficult to 
make change. 

Dynamics 

Technological The frequency and impact of changes, e.g., change 
orders, revisions, etc. 

Commercial The frequency and impact of changes to the project 
team or extended organization 

Complexity 
of Fact 

Number of 
Sources 
/Elements 

Technological Quantity of technical interfaces, how are the systems 
interrelated. 

Commercial Quantity of people that must be dealt with during the 
project, such as the number of direct contact persons. 

Interdependence 

Technological Interdependence of the technical elements, such as 
locations, IS programs, etc. 

Commercial Frequency of communication or (mutual) dependency 
to make decisions. 

Complexity 
of 
Interaction 

Reference 

Technological Different norms and standards. Most frequent in 
multinational and multidisciplinary work. 

Commercial Variability of personal references such as due to 
cultural differences, technical disciplines and languages. 

Transparency 

Team  The influence of political issues on the project. The 
more transparent the project, the more the company, 
departments and project have the same objectives.  

Client 

Partners 

Others 

Empathy 

Team  Intangible relationship between people allowing them 
to work together better. Client 

Partners 

Others 

Project 
Type 

Size of the Project 
Size of the budget for the project portion that the 
company is responsible for. 

Amplitude of Responsibility 
Amount of responsibility of the company for a specific 
project 

Customization & 
Uniqueness 

Technological The degree of technical/technological customization 

Commercial Customization of the organization for the project, new 
team, new partners, etc. 
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further complicated by the different types of stakeholders and different interactions 

that can occur.  

Table 2.9: Dimensions of Maylor et al.’s Complexity Matrix (Adapted from Maylor et al., 
2008, pp. S15-S16) 

Mission Organization Delivery Stakeholders Team 

• Objectives 
• Scale 
• Uncertainty 
• Constraints 

• Time and Space 
• Organizational 

Setting 

• Process 
• Resources 

 

• Stakeholder 
Attributes 

• Inter-
stakeholder 
relationship 

• Project 
Staff 

• Project 
Manager 

• Group 

2.1.3.4 Vidal and Marle Framework 

The fourth framework, also on project complexity, is from Vidal and Marle (2008). Vidal 

and Marle suggested that there are four groups of factors that are necessary but not 

sufficient for project complexity. These four groups are the size of the project system, 

the variety of the project system, the interdependencies within the project system and 

lastly, the context dependence of the project system. Vidal and Marle proposed that 

project complexity cannot be managed or understood without considering the context. 

Organizational and technological complexity from Baccarini (1996) was incorporated 

into Vidal and Marle’s work. Examples of the elements considered to be part of project 

complexity are the number of departments involved, duration of the project, number of 

objectives, staff quantity, diversity of staff (experience, social span), geographic location 

of the stakeholders, variety of organizational skills needed, interdependence between 
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sites, departments and companies impacted and institutional configuration. An example 

of Vidal and Marle’s framework is shown in Table 2.10. Technological complexity was 

also divided into four groups. Examples of technological complexity prescribed by Vidal 

and Marle include number and quantity of resources, variety of technological skills 

needed, interdependence between the components of the product and technological 

degree of innovation. These researchers found that roughly 70% of the identified 

complexity factors were related to organization, rather than to the technology. Vidal 

and Marle propose that complexity is one of the main sources of project uncertainty, 

especially with respect to risk. Vidal and Marle recommended that rather than trying to 

reduce complexity, project managers must instead manage complexity to take 

advantage of opportunities complexity creates and avoid the negative consequences of 

complexity. 

Table 2.10: Research contextual factors in the framework of Vidal and Marle (2008) 
Contextual 

Area 

Complexity 
Types 

Project System Size Project System 
Variety 

Interdependencies within 
the project system 

Elements of the 
project context 

 

Organizational 
Complexity 

• Duration of the 
project 

• Number of 
objectives 

• Interdependence 
between sites, 
departments and 
companies impacted 

• Institutional 
configuration 

Technological 
Complexity 

• Number and variety of 
resources 

• Variety of 
technological 
skills needed  

• Interdependence 
between components 

• Technological 
degree of 
innovation  

2.1.3.5 Sauer and Reich Framework 

The fifth and final structure for defining project complexity is based on Sauer and Reich 

(2009). More recent research from the information technology (IT) arena has resulted in 
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the development of the “multiple process view of IT projects” (p. 190) as shown in 

Figure 2.2. This view of projects is similar to that described in “Images of Projects” by 

Winter and Szczepanek (2009). Sauer and Reich’s model reinforces opinions of other 

researchers, e.g. Cooke-Davies et al. (2007), regarding the impact of the social side of 

project management. “Projects are not usefully viewed as the deterministic playing out 

of physical laws but are better seen as involving autonomous human actions based on 

various human, organizational and institutional interest[s] that help harness our ability 

to combine socially to achieve more in a group structure, such as a project, than on our 

own,” (Sauer & Reich, 2009, p. 183). Researchers (Beyer & Harrison, 1979) have 

examined the impact of size on organizational complexity and found that in both cross-

sectional and longitudinal studies, strong relationships exist between size and 

complexity, and that size and complexity are related logarithmically. Complexity, shown 

as the cloud in Figure 2.2, spans the project structure, organizational processes and the 

environment (Sauer & Reich, 2009). To obtain optimum project results, the project 

needs to be evaluated from multiple perspectives, as represented by the arrows 

connecting the different perspectives. 

The IT projects that most benefit from the “multiple process view of IT projects” (Sauer 

& Reich, 2009, p.190) are those mainly made up of ‘fuzzy’ tasks (Campbell, 1988). 

Looking at a project using different perspectives, as illustrated in Figure 2.2, provides 

different, complementary knowledge about the project (Karayaz, Keeting & Henrie, 
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2011). An enterprise system can be considered in the same way. An ERP implementation 

previously was thought to be an information technology project. It has been realized 

that it is much more than an information technology project; it is also a change 

management project, as well as a business process reengineering project. Looking at 

ERP projects from these different perspectives provides complimentary knowledge 

about the system. A project that is composed of fuzzy tasks requires different processes 

and procedures than a project composed of decision tasks, due to the different 

information and processes required (Bystrom & Jarvelin, 1995).  

 

Figure 2.2: Multiple process view of IT projects (adapted from Sauer & Reich, 2009) 

The interaction between different elements of an IT project cannot be planned and are 

subject to unpredictability. Unpredictability can be reduced by evaluating a project from 

different perspectives. Sauer and Reich’s research (2009) identified nine principles and 
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four personal qualities of a project manager that serve as the basis for IT project 

management. Table 2.11 summarizes and describes these nine principles. The four 

personal qualities are clear-sighted realism, personal responsibility, long-term 

perspective and a willingness to let go. These four personal qualities tightly mesh with 

the nine principles summarized in Table 2.11. Modern IT project managers must be 

realists, who take personal responsibility for a project to develop value for a customer 

and who trust project team members to make decisions when the team members are 

the expert and maintain focus at the project level (Sauer & Reich, 2009). 

The five frameworks summarized include four that attempt to describe complexity, and 

one framework that focuses on minimizing the impact of complexity. Three of the 

frameworks view complexity from outside of the project (Baccarini, 1996; Geraldi & 

Adlbrecht, 2007; Vidal & Marle, 2008). The fourth framework looks at the issues 

associated with complexity from a project manager’s viewpoint (Maylor et al., 2008). 

The Sauer and Reich (2009) framework proposes a way to reduce complexity, by 

considering different process views. In total, these frameworks can be synthesized and 

provide a basis for conceptualizing complexity. 
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Table 2.11: Principles of the new IT project management mindset (Adapted from Sauer 
and Reich, 2009) 

Principle Description 

Focus on 
ultimate value 

Align the project with company strategy. Project managers understand the 
business need and value of the effort; they may stay involved after 
implementation to ensure that value is created, understanding that value is 
more than just the implementation. 

Deep personal 
identification 
with project 
goals 

Project managers take more ownership and initiative for the project. The 
goals of value creation are considered appropriate. 

Investment in 
trust 

Project managers recognize that trust is necessary in all project relationships, 
it is developed over time and it requires effort, and project success depends 
on it 

Devolved, 
collective 
responsibility 

Project managers must delegate decisions to the most appropriate people or 
groups due to project complexity (other people are more knowledgeable in 
areas). This requires knowledge and trust of team.  

Willingness to 
continually 
adapt 

It is explicitly understood that the project requirements are not static, but 
must adapt to business needs. Processes are present to support these 
adaptations. 

People 
development 

Competencies of staff are developed, the investment is necessary to keep 
people current, motivated, loyal, and prepared for the next project 

Learning 
orientation 

Learning is a part of the job; everyone should realize it and understand that’s 
the project climate and what they learn they should be sharing with other 
team members   

Innovation and 
creativity 

Management practices are not inflexible, they are changed when necessary to 
allow flexibility in the project and to achieve the necessary results 

Proactive view Following through on project responsibility. Taking initiative to complete the 
project tasks even when it requires going against traditional practices 

The next section provides a summary of relevant project management literature. Project 

management is important to understand. As projects vary, projects may require 

different management strategies. A summary of ERP and EHR projects is also included 

along with a discussion of those characteristics that make ERP and EHR projects distinct 
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from one another. The final subsection of this chapter will provide an overview of the 

existing literature related to the identification and description of CSFs. 

2.2 Project Management 

The discussion of complexity is extended to the project management literature next. 

This section will first define projects and the purpose of projects in modern 

organizations. The discussion will then turn to how complexity is managed within 

contemporary projects. 

Projects have become the standard structure and approach used by organizations to 

complete tasks that are non-recurring, finite, and well-defined. The project format is 

broadly used in engineering and other fields as a vehicle to manage unique tasks 

(Carden & Egan, 2008). According to Slevin and Pinto (1987), “Project-based work tends 

to be very different from other organizational activities. Projects usually have a specific 

goal or goals, a defined beginning and end, and a limited budget. Often developed by a 

team of individuals with special expertise, projects usually consist of a series of complex 

tasks requiring high levels of coordination,” (1987, p. 33).  

Geraldi & Adlbrecht, (2007) asked eight project managers for determinants of project 

complexity. The project manager’s top five responses included, in the order of 

importance, people, internationality, multidisciplinary, the client, and the size of the 

project. The first four of these are complexities of relationships due to interactions, and 
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the fifth is a complexity of fact (Geraldi & Adlbrecht). Project complexity, which can be 

the result of project characteristics and organizational factors, should influence the 

selection of actions required to assure project success (Baccarini, 1996). This complexity 

resulting from the contextual factors, is shown in Figure 2.3. Shenhar et al. (2001) 

proposed that standard project management processes do not consider project 

complexity. According to Xia and Lee (2004), the dimensions and characteristics of 

project complexity are not fully described by any existing project management 

framework. As a result, existing project management frameworks such as the Project 

Management Book of Knowledge (PMBOK) may be of limited use when managing 

complex projects. In contemporary organizations, factors driving increases in project 

complexity and the speed of change make it even more challenging for project 

managers to successfully deliver projects (Jaafari, 2003). 

 

Figure 2.3: Project complexity resulting from the interaction of contextual factors 
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2.2.1 Project Management Models 

Researchers have investigated the management of complex projects using complexity 

levels to describe the match needed between project management and leadership skills. 

Another body of research has looked at a modeling technique for complex projects 

based on a systems science viewpoint. A third approach has studied the relationship 

between project outcomes and organizational influences. These three approaches will 

be discussed next. 

A number of researchers have used project management models that incorporate 

complexity. Jaafari (2003) created a project management model to explain how 

different types of projects should be managed, based on the project’s complexity and 

the complexity of the environment. The model has two levels of project complexity and 

two levels of environmental complexity. Projects with very low or no complexity of both 

types are labeled type 1 and referred to as “ad-hoc” projects. Jaafari contends that ad 

hoc projects can be successfully completed without a process in place for project 

management. Managers manage these project using intuition and experience. Examples 

of type 2 projects or “bureaucratic” projects are large government or public projects, 

with low project complexity and high environmental complexity. According to Jaafari, 

for type 2 projects, project managers comply with rules established by the hosting 

organization, whether it is in the best interest from a project standpoint or not. As a 
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result, high environmental complexity along with the rigid organizational requirements 

and methodologies can lead to spectacular project failures (Jaafari).  

Projects that have high project complexity and low environmental complexity are 

“normative” or type 3, and, according to Jaafari (2003), should be managed using 

standard project management procedures as recommended by groups such as the 

Project Management Institute (PMI). The last group of projects, type 4, includes projects 

that are high both in project complexity and environmental complexity. According to 

Jaafari, type 4 projects or “creative-reflexive” projects require an empowered approach 

and the most skilled project manager of all the project types. Overall, the required level 

of project management skills is thought to increase when moving from type 1 to type 4 

projects. Management skill is very important for complex projects in complex 

environments. Some researchers have proposed that project complexity should be 

addressed through leadership approaches (Dulewicz & Higgs, 2005; Muller & Turner, 

2007). 

The leadership literature has studied the behavior of leaders relevant to effective 

project management. Leadership behaviors can be partitioned into three types: (1) Goal 

Oriented, (2) Involving, and (3) Engaging (Dulewicz & Higgs, 2005). The level of project 

complexity that can be managed increases moving from the first to the third leadership 

type. These behaviors can be mapped to the four Jaafari (2003) project types. Goal-

oriented behavior refers to leadership behavior that has the leader determining the way 
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forward for the team, as well as the actions needed to achieve the goal. This leadership 

style is centered on the leader. This style of management is effective in projects with 

low complexity. The involving leadership style is less centered on the leader. Rather, the 

leader works with the team in setting project direction as well as the methods to 

achieve the performance goals established for the project. The last leadership type is 

engaging. The engaging leader functions more as a facilitator and allows the team to 

determine both the direction and methods for achieving performance goals. The leader 

is more focused on developing the capability of others – letting them grow while still 

being there to help as needed (Dulewicz & Higgs, 2005). For highly complex projects, the 

engaging leadership style allows greater creativity from the participants. This creativity 

can result in better solutions as well as more proactive reduction in project uncertainty. 

These same management styles have also been studied in conjunction with managing 

organizational change. Researchers have found that as the level of required change 

increases, the effectiveness of different management styles also changes. Organizational 

change can be defined in terms of the magnitude of the change, the source (internal or 

external) of the change, the impact on the people in the organization due to the change, 

and the speed or timescale of the change. Measures of these four dimensions can be 

used to characterize complexity (Dulewicz & Higgs, 2005). Researchers have found that 

a goal-oriented leadership style negatively impacts change implementation, while 
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engaging behavior was found to be the most successful management style as change 

increased (Dulewicz & Higgs). 

Muller and Turner (2007) initiated research on the appropriate pairing of leadership 

style and project type, using the results of research from Crawford (2005) which 

suggested that the style of leadership impacts the success of different project types. 

Muller and Turner sought to validate the theory that project leadership competency 

impacted project success and was mediated by project type and contextual factors. 

Muller and Turner looked at 399 projects that included 67 engineering, 267 information 

and 199 organizational projects. The research results showed that in all high performing 

projects, high emotional competencies significantly contributed to project success. This 

same research found that neither managerial nor intellectual competencies contributed 

to project success. Conscientiousness and sensitivity were found to be correlated to 

project success, as was communication. A strategic perspective was found to be 

negatively correlated with project success. Muller and Turner concluded that different 

types of projects require different project management and leadership skills. Project 

managers with the appropriate skills need to be sought out and put into project 

management positions for the best project performance.  

As described, a variety of researchers have tried to relate project management and 

leadership skill requirements to project complexity levels. Other researchers have 
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looked at complex projects from a systems science viewpoint. Researchers, such as 

Karayaz et al. (2011) defined project management systems (PMSs) as: 

“The structured set of technical and human entities that interact both 

formally and informally within a specific context to produce project 

results. The products of interaction are patterns of decision, action, and 

interpretation that drive results.” (p. 2) 

Four conditions are assumed when using systems science to explain the project 

management system (PMS). The first assumption is that the PMS of each project is 

unique. This is not a novel idea. Koivu et al. (2004) stated that every project is unique, 

even if the same project type is undertaken, due to the differences in project context. 

The second assumption is that the PMS is impacted by different team member 

perspectives. Different groups have different perspectives on the same project (Sauer & 

Reich, 2009). Different views can be complementary or divergent. Also, the PMS can 

change in response to shifts in contextual factors, such as a change in organizational 

structure. Third, problems with the project are a result of deficiencies or 

misunderstandings between reality and the system, which were not taken into account. 

These problems can lead to project failure. Lastly, due to the nonlinear nature of 

adaptive complex systems, both intended and non-intended results can occur.  
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The final set of previous research focuses on the organization as a source of 

understanding for the outcome of the project. Shore (2008) developed a framework 

relating project outcomes and the organization as shown in Figure 2.4.  

 

Figure 2.4: Project outcomes and the influence of contextual and project characteristics 
(Adapted from Shore, 2008, p. 6) 

One of the findings of Shore’s research is that the skills and techniques of the project 

manager and team may be insufficient to guarantee project success. The culture of the 

organization affects the focus of the project manager and the team. An internal focus by 

the project manager and team can result in the minimization of external threats and a 

resistance to change as the project manager and team protect the existing set of 

processes and procedures. Shore defined systematic biases that can lead to project 
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failure. Bias types that can lead to project failure include overconfidence, illusion of 

control, selective perception and escalation of commitment to a failing course of action 

(Shore, 2008). 

Project management research has found that different leadership styles are needed to 

deal with complexity. This finding has been supported in literature based on both a 

project management and a leadership perspective. Research based on a systems 

approach has found that every project is unique, and that project failure is often the 

result of deficiencies in the system or misalignment between the system and the 

project. The final set of research reviewed focused on understanding project 

management from an organizational viewpoint. Research from this viewpoint suggests 

that even with the appropriate leadership style and skills, projects may still fail due to 

organizational influences that create biases. Having established a solid foundation for 

understanding the challenges faced by organizations in managing complexity in projects, 

the next section discusses those contextual factors that contribute to complexity. The 

section starts by describing two types of contextual factors and then discusses relevant 

prior research.  

2.2.2 Contextual Factors 

Contextual factors incorporate both project characteristics and organizational factors. 

The importance of contextual factors on New Product Development (NPD) projects have 

been established by previous researchers and will be discussed. This section will 
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conclude with a discussion of previous research findings on the role of contextual 

factors in EIS project success. 

2.2.2.1 Description of Project Characteristics and Organizational Factors 

Project characteristics impact the required time, personnel and funding needed to 

complete a project. Project size affects project performance, but not necessarily in a 

linear fashion (Sauer, Gemino & Reich, 2007). For example, when a software 

development project schedule is shortened, the number of personnel and cost typically 

increase, but not necessarily in a linearly manner (Pendharkar & Rodger, 2010).  

When implementing enterprise systems, Francalanci (2001) found that effort was 

related to the number of modules being implemented. The effort increased as the 

number of modules increased, but was impacted by the dependency between ERP 

modules and sub-modules (Francalanci). Effort, budget, project duration and team size 

were studied to assess risk in information technology projects due to 

underperformance. It was found that project length (measured in man-months) was the 

best indicator of project risk. As man-months increased, project risk increased (Sauer et 

al., 2007). 

Project characteristics are only one type of contextual factor that can impact project 

results. The other type of contextual factor included in project complexity, is 

organizational factors. Previous researchers have discussed the role of humans, versus 
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technology, as a cause of project failure. According to Jaafari (2003), failure has been 

found to be mainly the result of “managerial approaches to human and organizational 

factors, rather than technology,” (p. 53). As described by Kreps and Richardson (2007), 

“the problems associated with the involvement of social environments, when applied to 

information systems projects, are likely to multiply the larger is the number of people – 

or, indeed, otherwise discrete organizations – that are involved,” (p. 441). Unlike other 

issues, organizational factors are not under the control of the project manager (Xia & 

Lee, 2004). As noted by Nordtveit (2010),  

“Complexity theory [therefore] emphasizes the need of understanding 

each actor’s motivation and bounded rationality: a small change in the 

initial conditions of a system may exert great influence on the 

subsequent behavior of each added factor of change. No development 

system acts in isolation… we have to add in factors such as culture, 

society, ethnicity, religion, political belonging, which each interact in a 

non-additive fashion, some reinforcing and some reducing the effect…” 

(p. 113). 

Two types of contextual factors were defined by Alshahi (2008): those that are internal 

and those that are external to the organization. Internal contextual factors include the 

organization strategy, culture, and management processes. External contextual factors 

are outside of the organization and include the social, political and economic situations 

in which a project takes place (Alshahi). Other researchers, such as Belassi and Tukel 

(1996), call factors outside of the organization environmental factors. 
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2.2.2.2 Contextual Factors in NPD Projects 

One important element in an organization is trust. This organizational factor has been 

studied by numerous researchers due to the impact trust can have on the success of a 

project. This section discusses the role of contextual factors on NPD projects as 

identified by various researchers, such as Dayan and Benedetto (2010) and Elving 

(2009).  

Contextual factors have been investigated to assess the impact on new product 

development (NPD). Elving (2009) studied collaborative product development projects 

and the relationship between project performance and different contextual factors. The 

contextual factors included in Elving’s study are shown in Table 2.12. These are 

contextual factors that result from the organization, through project management 

processes, organizational culture and project team culture, as discussed by Shore 

(2008). Three factors were found to be highly correlated with project performance in 

NPD: the decision-making process, the existence of shared visions and goals, and 

measurability. Decision-making process refers to who, when and how decisions are 

made, while measurability refers to the number and measurability of the product 

requirements. The shared vision and goals is a measure of the commonality of goals 

between team members and the fit between team goals and the organization’s strategy.  
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Table 2.12: Factors and parameters thought to impact collaborative product 
development projects (adapted from Elving, 2009) 

Factors Parameters 

Product development  
process 

• Product development model (consistency in applied model) 
• Tools and methods (access to and use of) 
• Decision making process (consistency and clarity in process) 

Project management 
(organization) 

• Involvement (early involvement of actors) 
• Team (culture) 
• Geographical location (collocation of team members and 

actors) 

Strategy and goals 
(common objectives) 

• Technology platform (access to and use of) 
• Product planning (product cohere to) 
• Shared visions (among team members and actors) 

Requirement 
management 

• Requirement specification (mutual understanding of) 
• Involvement in requirements management (integrating 

actions) 
• Measurability (manageable) 

Trust • Communication (access to and efficient use of tools) 
• Competence (relevance) 
• Experience (reuse of) 
• Long-term relations (among team members and actors) 

At the start of a project, a team forms its ‘mental model’ of the project. Having a 

consistent mental model helps team members work better and more successfully 

together. The shared mental model is a driver for team performance (Sala, Cooke & 

Rosen, 2008). Second, team members learn about each other as the project proceeds 

(Puddicombe, 2006). This learning helps team members to gain trust. Trust has been 

found to be a necessary ingredient for sharing of information. A lack of trust results in 

reluctance to share information (Edwards & Sridhar, 2005). The team literature 

discusses that multifunctional teams have a more difficult time developing trust due to 
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task perception differences. Different backgrounds can cause team members to 

interpret tasks differently (Cronin & Weingart, 2007). 

Dayan and Benedetto (2010) also looked at the effect of structural and contextual 

factors on trust formation in new product development teams. The structural elements 

included measures associated with the team – diversity, longevity and proximity. The 

contextual factors studied were both procedural and interpersonal factors, which were 

related to how individuals associated with and treated one another. Organization and 

project culture determined the accepted forms of interactions for team members. 

Group trust was found to have a large effect on team learning and project success, but 

speed-to-market was not impacted by trust. As project complexity increased, the 

positive effect of trust on learning and project success increased. 

2.2.2.3 Contextual Factors Research  

The contextual factors in enterprise system implementation projects have not been 

generally considered and are not easy to determine from the existing literature. Often, 

only organizational demographics including the industrial sector, number of employees, 

and annual sales are specified. Also, previous investigations that have looked into 

contextual factors have typically focused on project success or project cost as the 

outcomes of interest, e.g. Hyvari (2006). Researchers have also included different sets of 

contextual factors, making comparisons between different study results more difficult. 
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This section discusses the impact of contextual factors as identified by various 

researchers.  

Researchers, Larson and Gobeli (1989), looked at the impact of contextual factors on 

development projects in research and on the significance of project management 

structure on project success. The five contextual factors investigated by Larson and 

Gobeli were complexity, technological novelty, clarity of project objectives, project 

priority and resource availability. The complexity and technological novelty describe the 

difficulty of the project, while priority and resource availability are indicative of the 

importance placed by the organization on the project. The most effective predictor of 

project success found by Larson and Gobeli was clarity of project objectives. Neither 

complexity nor technological novelty had an effect on project success. 

Francalanci (2001) sought to determine the implementation effort associated with a 

specific ERP system and found that contextual factors do impact the effort necessary for 

successful ERP system implementation. Specifically, increases in the organization size 

and the number of users caused an increase in the cost of the project. Table 2.13 lists 

Francalanci’s research results, which show the positive correlation between 

organization size and number of users and the implementation effort (2001). 

Organizational size can also refer to the number of sites that an organization has. 

Increases in the number of sites would presumably add to complexity due to greater 
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communication requirements, as well as due to potential differences in processes and 

culture between sites. 

Table 2.13: Implications for ERP effort estimations (Francalanci, 2001, pp. 44-45) 
1 Effort, organizational size and number of users are positively correlated; as the size of the 

implementing organization grows so do the resources required to implement 

2 As organizational size increases, it is more difficult to determine requirements, the effort to 
create acceptance of new work processes and resistance to change increases, requiring 
additional effort 

3 The number of users and implementation effort are positively correlated; each additional user 
adds an organizational component of cost 

4 The effort for module implementation varies with the number of sub-modules that are 
implemented. The logic structure of the sub-modules determines the implementation effort. 

Three concepts relating to the social and technological aspects of ERP implementations, 

were studied by Nandhakumar, Rossi and Talvinen (2005): (1) intentionality – the 

property of people, (2) affordance –the technology’s ability to support or resist the 

desires of the people, and (3) the social structure of the organization. A case study was 

completed in a single organization. Prior studies have suggested that contextual factors 

determine the implementation project’s planned outcomes (Nandhakumar et al.). This 

research found that power shifted over the course of the project. Initially, the people in 

the social structure in positions of power decided that the system would be consistent 

across the global organization. It was later determined that due to not all sites being 

year 2000 compliant, a consistent global implementation was not possible. Finally the 

market declined and brought changes to the social structure of the organization (CIO 

and CEO were replaced). The driving force changed and a more efficient, less expensive 
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design was sought. Nandhakumar et al. noticed that contextual factors varied over the 

course of the project and suggested that these shaped the ERP implantation process. 

Research results support the premise that contextual factors have an effect on ERP 

implementation projects.  

This section discussed the impact of contextual factors and the next two sections discuss 

the project types studied in this research. The next sections first present ERP projects 

and then EHR system projects are discussed. The last topic is a comparison between ERP 

and EHR system projects. 

2.2.3 ERP Projects 

Two types of enterprise software implementations are ERP and EHR systems. The first 

system discussed is ERP. This section will discuss ERP systems with respect to standard 

functions and discuss application of ERP to industries with specialized solutions. The 

impact of an ERP implementation on an organization as well as ERP customization will 

also be discussed.  

2.2.3.1 Overview of ERP Systems 

The most studied of enterprise system is the ERP system. An ERP system is an integrated 

software application that is customizable by the organization. It provides a single 

platform to integrate and coordinate an organization’s data, allowing fast and easy 

information sharing. Table 2.14 lists standard ERP system modules and sub-modules 
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from one of the major software vendors- SAP (the Spot4SAP, 2010). Organizations have 

the option of selecting modules and sub-modules to install. There is, however, some 

hierarchy in functionality so not all modules are stand- alone. 

Table 2.14: List of ERP (SAP specific) modules and sub-modules 
Module (SAP specific 

example) Sub-modules: (SAP specific example): 

Financials (FI) General ledger, Book close, Tax, Accounts receivable, Accounts 
payable, Asset management, Consolidation, and Special ledgers 

Controlling (CO) Cost elements, Cost centers, Profit centers, Internal orders, 
Activity based costing, and Product costing 

Project Systems (PS) Make an order, Plant shut downs (as a project), and Third party 
billing (on the back of a project) 

Human Resources (HR) Employment history, Payroll, Training, Career management, and 
Succession planning 

Plant Maintenance (PM) Labor, Material, and Down time and outages 

Materials Management 
(MM) 

Requisitions, Purchase orders, Goods Receipts, Accounts payable, 
Inventory management, BOM’s, and Master raw materials, 
finished goods, etc. 

Quality Management (QM) Planning, Execution, Inspections and Certificates 

Production Planning (PP) RFQ, Sales orders, Pricing, Picking (and other warehouse 
processes), Packing, and Shipping 

Business (Data) Warehouse 
(BW) 

Data extraction from source systems, Some technical and 
functional transformation of the data, Storage of the data in what 
are called Infoproviders, and Reporting (which uses Infoproviders) 

ERP systems are commercial, off-the shelf software (COTS) and are produced by a 

variety of companies such as SAP (purchased by Oracle), Oracle, and Microsoft. These 

are the tier 1 companies, but there are other tiers of ERP software providers. According 

to the 2008 ERP Report Part II: Comparing Leading Tier 1 and Tier 2 ERP Solutions, the 

average cost to implement an ERP system is $16.8 million for SAP, $12.6 million for 

Oracle, and $2.6 million for Microsoft, with average time to implement being 20, 18.6 
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and 18 months, respectively (Panorama Consulting Group, 2009). ERP packages are 

typically industry-specific, so that all required functionality is available. An example of 

the industry-specific ERP system solutions from SAP are shown in Table 2.15. ERP 

systems have been in use for many years, and the market is semi-stable. Searching the 

web for firms will yield a list of nearly 25 companies that have been in the industry for 

some time and have proprietary software. There are also some newer companies using 

open source software for ERP. The major software companies all sell ERP systems that 

are specified by modules, similar to the SAP modules listed in Table 2.14. 

Table 2.15: System Solution Industry Specializations (SAP specific) 
Industries with Specialized Solutions from SAP 

Aerospace & Defense Automotive Banking 

Chemicals Consumer Products Defense & Security 

Engineering, Construction, 
and Operations  

Healthcare Higher Education & 
Research 

High Tech Industrial Machinery and 
Components  

Insurance 

Life Sciences Media Mill Products 

Mining Oil and Gas Professional Services 

Public Sector Retail Telecommunications 

Transportation & Logistics Utilities Wholesale Distribution 

2.2.3.2 ERP System Implementation Impact on the Organization 

As the size of a company implementing an enterprise system increases, so does the 

number of users and the total cost of the software and the services needed to 

implement the ERP system (Francalanci, 2001; Wailgum, 2008). Licensing is typically no 

more than 25% of the implementation cost (Bjorlin, 2009). Training is the most 
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underestimated of the costs of implementing an ERP system (Wailgum, 2008). Workers 

have to learn not just a new interface to the organization’s systems, but ERP 

implementations often result in new sets of processes for doing work (Wailgum, 2008).  

As an example, before implementing an ERP system, a warehouse clerk might write out 

a list of needed supplies and give the list to purchasing. A purchasing employee would 

then enter the product orders into a form, which would then be faxed to the supplier. 

With an ERP system, for example, an order form screen is filled in by the warehouse 

clerk rather than by the purchasing employee. The order is then electronically sent to 

the supplier with copies automatically e-mailed to the front office and purchasing. 

Shipping notifications would also be sent from the supplier to the three different offices: 

warehouse, purchasing and the front office. When the order arrives, it is scanned by the 

warehouse clerk, and the ERP system automatically updates inventory levels. In this 

example, prior to ERP, purchasing would have created reports of what was ordered on a 

daily, weekly or monthly basis. Reports might also have been created to document time 

to receipt. With the ERP system, management can pull data from the ERP system to 

determine who created an order, when the order was delivered, and over a period of 

time what volume of specific items were requested. The real-time availability of 

information, such as this, is the main motivation for organizations to purchase ERP 

systems. ERP systems allow organizations to increase efficiency by making information 

necessary for management decisions available on a real-time basis. 
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An important goal of an ERP system implementation is to increase operational 

efficiency. To improve operational efficiency, the business processes must align with the 

processes supported by the ERP software. Aligning business processes to ERP systems 

often means that processes for doing certain tasks must be changed (Allen, Kern & 

Havenhand, 2002). If employees are unwilling to follow new processes, the efficiency of 

business processes may actually decrease after ERP systems are installed (Al-Mashari, 

2003). Before ERP implementation, tasks may have been performed in an “automatic” 

fashion due to the familiarity of the worker with the task. After the ERP implementation 

some workers must execute new sets of tasks and these new tasks will often take longer 

to perform, at least initially. Not fully understanding the system will further decrease 

efficiency if workers perform tasks incorrectly. Following an ERP system 

implementation, there is usually a decrease in productivity as personnel become 

familiar with the system and new processes. Reengineering processes increases the 

efficiency overall, but it takes time for the organization to fully learn and embrace the 

ERP system and its capabilities. This lag between implementation and improvements 

will be discussed next. 

Recent research on the influence of enterprise systems, such as ERP, on organizational 

performance, has identified some unexpected results. Butler and Pyke’s (2003) findings 

from an examination of an ERP implementation found that “the introduction of the SAP-

specific business routines can threaten established core, enabling and supplemental 
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capabilities and related knowledge-sets.” This research showed that an SAP system 

impacted management and operational personnel’s knowledge-creating activities. The 

ability of management to easily create reports examining performance in more detail 

and depth than ever before contributed to pushing the organization toward a rigid, 

centralized, management structure and gave managers and staff less autonomy. A shift 

toward explicit knowledge versus tacit knowledge and the organizational system of 

norms and values changed as well. 

The final discussion of ERP systems focuses on customization. Customization is the 

process by which commercial, off-the shelf ERP software is changed to satisfy a specific 

customer’s needs. Customization of ERP modules can decrease the impact on workers 

during the enterprise system implementation, as the customized software can maintain 

existing processes. However, customization also has a negative impact on the project 

and typically results in high costs of implementing and higher maintenance costs for the 

software long-term. 

2.2.3.3 ERP Customization 

ERP project costs and time-lines are strongly affected by the level of ERP software 

customization (Somers & Nelson, 2004). The level of customization is decided by the 

organization and depends to some extent on whether the organization decides to adapt 

to the software or to adapt the software to the organization. Customization is typically 

not recommended by ERP researchers (Parr & Shanks, 2000; Somers & Nelson, 2004). 
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The level of customization is proportional to the effort required to alter the software 

during the implementation and to update the customized ERP system in the future 

(Somers & Nelson, 2004). Figure 2.5 summarizes recent data on the percentage of ERP 

implementation projects by the level of customization. 

 

Figure 2.5: ERP System Customization Levels Seen in 2010 (The Consultants Corner, 
2010) 

While in the past it was suggested that ERP modules should not be customized (left 

vanilla), ERP system software has changed substantially over time making minor 

changes, including interconnections with other systems, much easier. The largest 

percentage of ERP implementations now belong to the ‘mostly vanilla’ category, with 

almost 50% of implementations being executed with low levels of customization. 

Heavily and completely customized ERP software accounts for less than 25% of 

implementations.  
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Brehm, Heinzyl and Markus (2001), provide a second view of ERP customization. Brehm 

et al. defined three general types of customization - configuration, extension and 

modification. Configuration changes are those supported by the vendor. Extensions 

leverage the interfaces supported by the vendor, while modifications include changes 

beyond those supported by the vendor (Haines, 2009). Customization types have been 

elaborated as different tailoring types by Brehm et al. (2001). Each of these different 

customization types has associated with it different maintenance requirements. Table 

2.16 maps the different types of customization, provides short descriptions, and 

summarizes the maintenance effort required.  

Table 2.16: Typology of ERP tailoring types and maintenance requirements (Adapted 
from Brehm et al., 2001) 

Tailoring Type Lvl Description Effort Maintenance 
Requirement 

Configuration 
(customization in 
SAP parlance) 

1 Setting of parameters (or tables), in order to 
choose between different executions of processes 
and functions in the software package 

None/slight 

Screen masks 2 Creating of new screen masks for input and 
output (soft copy) of data 

Slight/moderate 

Bolt-ons 3 Implementation of third-party package designed 
to work with ERP system and provide industry-
specific functionality 

Depends on 
coordination between 
ERP and bolt-on vendor 

Extended 
reporting 

3 Programming of extended data output and 
reporting options 

Moderate/heavy 

Workflow 
programming 

3 Creating of non-standard workflows Moderate/heavy 

Users exits 4 Programming of additional software code in an 
open interface 

Heavy 

ERP Programming 4 Programming of additional applications, without 
changing the source code (using the computer 
language of the vendor) 

Heavy, if data from the 
ERP application are 
used 

Interface 
development 

4 Programming of interfaces to legacy systems or 
3rd party products 

Heavy/very heavy 

Package code 
modification 

5 Changing the source-codes ranging from small 
changes to changing whole modules 

Very heavy 
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To help organizations make the best choice for the level of ERP customization, 

Nickolaisen, Pixton, and Little, (2007) created an alignment model to provide guidelines. 

The Process Purpose Model rates the level of mission criticality of business activities as 

low or high. Similarly, the Process Purpose Model rates the market differentiation of the 

business activity as either low or high. Processes that are low in both of these areas are 

‘unimportant’. If a process has a high mission criticality but a low market differentiation 

designation the model recommends seeking parity. When the mission criticality is low 

but the market differentiation of the business activity is high a partner is recommended 

for the critical activity. Only when the business activity is critical for both mission and 

market differentiation should the ERP system modules be customized. Activities that are 

mission critical and market differentiators separate the organization from its 

competition. Use of this model ensures that low differentiator activities that are highly 

mission critical such as billing, are as good as needed but not improved beyond the 

value to the organization. Activities that are high differentiators but not high in mission 

criticality are good items in which to partner with another organization that can perform 

the activities more efficiently. Following this model, customization is driven by the 

strategic goals of the organization. The next section will provide an overview of EHR 

systems. 
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2.2.4 EHR Projects 

The second enterprise software type evaluated in this research was EHR systems. The 

general features of EHR systems are discussed first. This is followed by a summary of 

EHR research and the impact of organizational power on EHR system implementations. 

2.2.4.1 EHR System Overview 

EHR systems have as a critical component the Electronic Medical Records (EMR) of 

individuals that are maintained by health care providers. EMR includes the records but 

not the interoperability of systems allowing transfer of records. The EHR system 

includes individual electronic health records maintained over time. Immediate access to 

health records by authorized users, knowledge and decision support systems to aid 

health care providers in making correct patient health decisions and system access all 

allow for more efficient health care delivery (National Academies Press, 2003).  

EHR systems are implemented for many of the same reasons that ERP systems are 

implemented, such as to provide needed information to management (medical staff), to 

reduce administrative costs, to increase operational efficiency and to improve quality. In 

the medical area, this also means improved quality of care and increased patient safety 

due to reduced medical errors. EHR systems include an enterprise-wide information 

system and a patient’s medical record that is maintained by a specific institution. EHR in 
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a hospital setting allows different departments and facilities to access patient records 

and add information as needed and often allow for remote access to this information.  

An example of EHR usage in a hospital would be the pharmacy, laboratory, and x-ray 

adding information regarding a patient, and the new information being used by billing 

to update the patient’s account. On a subsequent visit, the physician would have direct 

access to all the test results and the patient’s prior history. The use of an EHR system 

allows access to patient information in real time. This allows for more accurate diagnosis 

and treatment, while potentially avoiding unintended duplication of expensive tests and 

improving revenue management. For management there can be additional positive 

outcomes. The software provides business continuity/disaster recovery and a reduction 

of paperwork. There is also a government mandated safeguard for patient privacy and 

secure exchange of information (ONC, 2011) associated with EHR systems. 

Medical EHR software differs from ERP software in how it is marketed. Software 

designed for larger facilities, such as hospitals, is typically created in modules similar to 

ERP software. This EHR software is frequently called Hospital EHR or Hospital 

Management or Inpatient EHR. There are many different types of EHR modules that can 

used to help manage different areas of a medical facility. Specialization has occurred 

and resulted in modules specifically designed for emergency rooms, plastic surgery and 

obstetric functions (Sage Software). Table 2.17 lists typical EHR modules. Primary care 

EHR is called Practice Management, Ambulatory EHR or Outpatient EHR. This software is  
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Table 2.17: Standard EHR System Modules (MediNous, 2007) 

Module Description 

Helpdesk Automates the day-to-day functions of the Front Office management of a 
hospital. 

Patient Registration 
and Appointment 
Scheduling 

The Registration module is an integrated patient management system, 
which captures complete and relevant patient information.  

Outpatient 
Management 

The Outpatient module serves as an entry point to schedule an 
appointment with the Hospital Resident Doctor or Consultant Doctor for 
Medical Consultations and diagnosis. This module also handles requests 
and results of laboratory tests and other examinations. 

Doctor’s 
workbench/CPOE 

Doctor’s workbench provides a single point access to current and future 
appointments, past history, reminders, latest laboratory/radiology test 
results for both outpatients and inpatients. The CPOE (Computerized 
Physician Order Entry system) can record the patient symptoms, diagnose 
and suggest treatment plans. 

Inpatient and Ward 
Management 

This module automates the day-to-day administrative actives. It provides 
comprehensive data pertaining to Admission of Patients & Ward 
Management: Availability of beds, Estimation, Agreement preparation, 
Collection of advance, Planned admission, and Emergency admission. 

Patient Billing and 
Insurance 

This module handles all types of billing for long-term care. 

Pharmacy  The pharmacy module deals with the automation of general workflow and 
management processes of a pharmacy 

General 
Stores/Inventory 

This module deals with all Stores and Inventory processes. 

Laboratory 
Information System 

The Laboratory module automates the investigation request and the 
process involved in delivering the results to the concerned 
department/doctor of the hospital. 

Radiology 
Management  

The Radiology module caters to services such as X-ray, Scanning, Ultra 
sound etc. and scheduling of resources is possible. The system stores all 
the result details of tests and makes a Report based on the Test Results. 

Electronic Medical 
Record (EMR) 

The EMR module is a fully integrated knowledge repository that caters to 
Medical and clinical records of patients in the hospital 

Dietary The Dietary module is designed to assist the hospital kitchen in providing 
meals to inpatients as per the dietician’s instructions. 

House Keeping  The House Keeping module plans, assigns and tracks tasks. 

Nursing  The Nursing module provides a tool to manage the routine tasks of nurses 
with the objective of improving patient care. 
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Table 2.17: Standard EHR System Modules (continued) 

Module Description 
Emergency 
Management 

The Emergency module allows fast registration of patients, capturing key 
and very specific registration. 

Machine 
Maintenance 

This module facilitates breakdown processing and preventive maintenance 
scheduling and recording. 

CSSD Central Sterile Supply Department module helps users to have the 
inventory information of items that need to be sterilized, by keeping track 
of such items received/issued to departments like OT, Cath Lab, ICU, 
Emergency and Ward in a hospital. 

Blood Bank The Blood Bank module maintains all information regarding the blood 
donation. 

Financial 
Accounting 

The Financial Accounting Module deals with Cash/Bank, 
Receipt/Payments, Journal Voucher and General Ledger etc. 

Fixed Asset The Fixed Assets Module deals with all the activities that are related to the 
Fixed Asset Part of Financial Accounting of any hospital management 
system software. 

Payroll The Payroll & Personnel module deals with Pay (and deduction) 
calculation, printing of salary slip, salary certificates, and PF statements, 
Gratuity Statement and provides a monthly analysis. 

MIS Dashboard The dashboard presented in the hospital management system software is 
a summary of key parameters values covering all areas of the hospital that 
are generally monitored by the top management on a regular basis. Some 
of the parameters could be current bed occupancy, revenue for a period, 
collections etc. 

Services The service module provides for effectively managing all the services 
available in the hospital and the charges for each of these services are 
securely entered and handled. 

User Manager 
(security workflow) 

The User Manager module basically deals with security through controlling 
the access to the information available in the application. 

most often bundled or sold as a unit. Small medical offices and practices typically 

purchase Practice Management EHR packages as an integrated solution. The next 

section will discuss the impact of The Health Information Technology for Economic and 
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Clinical Health (HITECH) Act on EHR system implementation for small and medium-size 

healthcare organizations. 

2.2.4.2 HITECH Impact on EHR System Implementation 

The EHR field is relatively new and rapidly expanding due to government funding 

associated with The Health Information Technology for Economic and Clinical Health 

(HITECH) Act. HITECH was enacted as part of the American Recovery and Reinvestment 

Act of 2009 and was signed into law on February 17, 2009, to promote the adoption and 

meaningful use of health information technology (U.S. Department of Health and 

Human Services, 2011). HITECH provides support for primary care physicians who 

implement an EHR system and use it to the extent defined as meaningful use, through 

stimulus payments. The government listing of certified EHR systems, those systems 

which qualify doctors for stimulus payments, is continuously growing as more software 

gets certified. The number of EHR software vendors in the market has also rapidly 

expanded. Currently there are over 100 companies with certified software on the 

Government Office of the National Coordinator for Health Information Technology 

website (http://onc-chpl.force.com/ehrcert/EHRProductSearch). The Institute of 

Medicine committee (IOM) defined the core functions of EHR systems as: 

• health information and data,  
• results management,  
• order entry/management,  
• decision support,  
• electronic communication and connectivity,  

http://onc-chpl.force.com/ehrcert/EHRProductSearch
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• patient support,  
• administrative processes, and  
• reporting and population health management (Thakkar and Davis, 2006). 

Practice Management EHR systems include functionality that is needed to meet the 

“meaningful use” requirements of the HITECH Act. These integrated EHR systems 

typically include all modules needed to support a small office, including front, middle 

and back office functions. The systems will have front office features such as 

appointment scheduling, eligibility verification, patient reminders and referrals. The 

middle office function feature electronic prescribing, lab order integration, document 

management and charge capture. Back office features are the practice management 

side of the office and can include accounting, administration, payroll, and other 

functions.  

2.2.4.3 EHR System Research 

Previous research on EHR systems is more limited than ERP implementations. The 

research that has been carried out to study EHR system implementations has been well 

structured. Table 2.18 lists a subset of the EHR implementation research as summarized 

by Studer (2005). Many of these previous studies have focused on implementation 

success and employee satisfaction. Employee satisfaction has not been well-studied for 

ERP implementation projects. In many healthcare systems, doctors are not necessarily 

employed by a medical facility. However, doctors bring in paying customers, and, as a 

result, physicians have power that is not formalized within the medical facility’s  



 
 

 
 

Table 2.18: The effect of organizational factors on EHR system success studies (Adapted from Studer, 2005, pp. 66-71) 

Authors Ye
ar

 

Study Objectives / DESIGN / # Participants 
Measure of Effectiveness// 

Organization Factors 
Results 

Aaronson 
et al. 

20
01

 

Determine resident’s perception of EMR 
systems and what influenced those 
perceptions. /SURVEY/ 244 

Implementation success // 
Implementation policies and 
practices 

Residents with adequate training were more likely to perceive EMR as beneficial. 
Concerns focused on confidentiality, time for data entry, hardware problems and 
computer downtime, limited data entry sites and shortage of skilled personnel 

Ash 

19
97

 

Identify factors affecting the diffusion and 
infusion of EMR /SURVEY/ 194 

Diffusion and infusion// 
Management support, 
implementation climate and 
implementation policies and 
practices 

Set of innovation attributes significantly related to infusion and set of organizational 
attributes significantly related to diffusion. Visibility, degree to which innovation can 
be readily seen had a significant, positive, effect on diffusion. Planning, the extent to 
which appropriate PM planning techniques were used prior to implementing an 
innovation had a significant, negative effect on diffusion. 

Audet et 
al. 

20
04

 

Investigate perceived barriers to adopting 
EMR /SURVEY /1,837 

Adoption// Financial resource 
availability 

Top three barriers to adoption reported were: cost of system start-up and 
maintenance, lack of local, regional and national standards; and lack of time to 
consider acquiring, implementing and using a new system 

Dansky et 
al. 

19
99

 

Identify specific attitudes or factors to target 
before EMR implementation /SURVEY / 85 

Satisfaction// Management 
support, and implementation 
policies and practices 

Computer experience and organizational support were positive indicators of 
perceived usefulness. Computer anxiety and valuing a close patient relationship were 
negative predictors of perceived usefulness 

Gamm et 
al. 

19
98

 

Determine end-user attitudes and 
expectations before and after EMR 
implementation /SURVEY,  INTERVIEW and 
OBSERVATIONS / 200 

Satisfaction// Financial resource 
availability, and implementation 
policies and practices 

 

Miller and 
Simm 

20
04

 

Identify barriers to physician’s use of EMR 
and suggested policy changes to overcome 
barriers/ INTERVIEWS / 90 

Adoption // Financial resource 
availability, and implementation 
policies and practices 

Key barriers to EMR use include high initial costs, slow and uncertain payoffs, high 
initial physician time costs, difficulties with technology, difficult complementary 
changes and inadequate support, lack of incentives and negative physician attitudes. 

Sitteg et 
al. 

19
99

 

Measure user interaction satisfaction with 
an EMR/ SURVEY post implementation / 50 

Satisfaction// Implementation 
policies and practices 

Overall user satisfaction was most highly correlated with the physician’s ability to use 
the system to carry out assigned tasks and not with “response time”. Design 
recommendations were also included. 
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organizational structure. EHR system projects and organizational power discussed 

further next. 

2.2.4.4 EHR Projects and Organizational Power 

Implementing EHR into an organization is thought to be very similar to ERP 

implementations, with the exception of informal power. ERP systems are implemented 

into organizations where power is sanctioned by management and is position-

dependent. This is sometimes called administrative authority, where supervisors control 

and coordinate activities (Allen, et al., 2002). Healthcare is different as physicians may 

work at hospitals or clinics but not be direct employees. The physician’s influence comes 

from the income that a physician brings in and the unique knowledge and training that 

physicians have. This type of authority is called professional authority (Allen, et al.). 

The most current Information Systems (IS) literature is inconclusive regarding the 

resistance of healthcare professionals to EHR implementations. An early literature 

review on the attitudes of healthcare professionals to information technology was 

completed using twelve research databases for research published between 2000 and 

2005 (Ward, Stevens, Brentnall, & Briddon, 2008). The conclusion of Ward et al.’s (2008) 

research was that: 

 “A range of key issues, such as the need for flexibility and usability, 

appropriate education and training and the need for the software to be 

“fit for purpose”, showed that organizations need to plan carefully when 
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proposing the introduction of IT-based systems into work practices. The 

studies reviewed did suggest that attitudes of health care professionals 

can be a significant factor in the acceptance and efficiency of use of IT in 

practice” (p. 81). 

An investigation of IS implementation in three hospitals was completed using three 

models, which included variables at the individual, group and organization level 

(Lapointe & Rivard, 2007). Hospitals are typically organized functionally, (orthopedics, 

geriatrics, etc.). Also, within the majority of functional departments, hospitals are also 

split for pediatric versus adult patients as well as horizontal and vertical specialization, 

respectively. These functional units are semi-autonomous and processes are not 

standardized across the different departments. Table 2.19 summarizes different 

characteristics of a hospital and the effect of the bureaucracy on adopting new 

technology. Overwhelmingly, the characteristics of the professional bureaucracy are 

inferred to hinder adoption based on research findings (Lapointe & Rivard, 2007).  

In the study of three hospital EHR implementations conducted by Lapointe and Rivard 

(2007), two of the three implementations were failures. The successful implementation 

occurred because the work model at the hospital favored collaboration among all 

hospital staff. Nurses supported the doctors in learning the EHR system. In this 

successful implementation, management took measures to not upset the balance of 

power and made the investment of ‘time to learn the system’ worthwhile to physicians. 

Management also had the support of department heads. To reinforce the 
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implementation, the department heads had the ability to influence peers (Lapointe & 

Rivard).  

Table 2.19: Elements of the professional bureaucracy and the relationships with the 
emergence and adoption of innovation (adapted from Lapointe & Rivard, 2007, p. 92) 

Design 
Parameters 

Definition 
Professional 
Bureaucracy 

Inferred Relationship 
(Emergence and / or 

Adoption) 

Specialization of 
Jobs 

Horizontal: Division of 
labor 
Vertical: Degree of 
separation between 
workers and managers 

High horizontal 
specialization 
Low vertical 
specialization 

Facilitates emergence; 
hinders adoption 

Training and 
Indoctrination 

Practices of knowledge 
and skill standardization 

High training and 
indoctrination 

Facilitates emergence; 
hinders adoption 

Formalization of 
Behavior 

Standardization of work 
processes through rules, 
procedures, etc. 

Little formalization; 
bureaucratic 

Facilitates emergence; 
hinders adoption 

Grouping State in which supervision 
is most effective 

Functional 
groupings by means 
and by ends 

Facilitates emergence; 
hinders adoption 

Unit Size Number of positions 
grouped into a single unit 

Wide at bottom, 
narrow elsewhere 

No prior research 

Planning and 
Control Systems 

Systems by which output 
in organization is 
standardized 

Little planning or 
control 

Hinders adoption 

Liaison Devices Methods used to 
encourage adjustment 
across units 

Some liaison devices 
in administration 

Hinders adoption 

Decentralization Extent to which power is 
dispersed among 
organizational members 

Horizontal and 
vertical 
decentralization 

Facilitates adoption 

The two hospitals at which a successful outcome did not result from the EHR 

implementation both experienced a shift in power when the new system was 
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implemented. Examples from these unsuccessful implementations are instructive and 

provided to illustrate the challenges faced by EHR project managers. Physicians are 

required by law to write prescriptions in patient files. However, often in practice, 

physicians dictate prescriptions, and nurses enter the prescriptions into patient files. In 

the first hospital that experienced failure, the nurses took the new system 

implementation as an opportunity to stand strong on this particular issue and refused to 

enter prescription information in patient files. The disagreement escalated. The 

physicians did not use the system, and some physicians threatened to resign. The 

administration responded and denied hospital rights to the most resistant physicians. 

The physicians escalated the issue to the professional association, and some physicians 

resigned. The hospital CEO was eventually fired, and the EHR system was removed. The 

perceived shift in power caused by the nurses refusal to write prescriptions in patient 

files led to physicians who initially supported the EHR system implementation to resist 

using the system (Lapointe & Rivard, 2007).   

In the second unsuccessful implementation, the site was a university hospital. The EHR 

system modules were rolled out. The first modules affected nurses and physicians. As in 

the first failure case, nurses began to refuse to enter prescriptions for physicians. This 

hospital, however, mediated and asked nurses to continue this task. The nurses 

complied. Shortly after this, a pharmacy module was implemented and resulted in a 

conflict between pharmacists and physicians, which caused the organization’s surgeons 
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to request removal of the system. Pharmacists are responsible for reviewing 

prescriptions prior to administering medication to a patient, by law. This was not 

occurring in the second case study hospital prior to the EHR system implementation. 

The new EHR system brought this deficiency to light. The pharmacists insisted that the 

rules must be followed to ensure patient safety. The implied power shift towards the 

pharmacists, led to a power struggle between the pharmacists and the physicians. 

Management came in and directed the physicians to use the system. This situation was 

seen as problematic for surgeons. Surgery patient prescriptions often need to change 

every few hours and are conditional on the status of the patient. The surgeons, who 

were resisting the system, were told that beds would be given to physicians who were 

more accepting of the EHR system. With this ultimatum, the surgeons recruited other 

physicians, and the combined group of physicians and surgeons refused to use the 

system. This financially impacted the hospital. The administration relented and removed 

the pharmacy module from the surgery department (Lapointe & Rivard, 2007). These 

three cases highlight how EHR systems can affect power balance between different 

organizational members.  

Explanations for the behaviors described in these three hospitals can be found in the 

earlier research by Warne and Hart (1996). Warne and Hart’s research modeled the 

implementation of information systems by defining information envelopes. The 

Information Envelope is “the totality of data and associated business processes that is 
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perceived” “as being owned and controlled by a group, or which the group perceive 

they should own and control” (Warne & Hart, 1996, p. 194). This can be described as all 

the information associated with having an autonomous medical practice. Within the 

Information Envelope (IE) is a subset of information called the Political Information 

Envelope (PIE) that defines the practice. The PIE is the processes used by the group and 

the specific method of record keeping. The practice members will resist any changes to 

the Political Information Envelope (PIE) and to business processes that are part of it 

caused by ownership changes. 

As long as the practice’s way of doing things are unchanged, the practice continues to 

focus on the daily routine. If two practices are merged, practice A and practice B, the 

two groups can overlap in one of three ways. If only the information envelope of the 

two practices overlap there will not be a conflict, but rather a settlement will be 

achieved as neither group feels threatened. An example of this might be that both 

groups use the same computer system, but each database is left separate. If the 

processes of practice A were to be switched to match the processes of the practice B, 

members of practice A would try very hard to maintain procedures and processes. This 

would represent a situation where the IE of practice B overlaps the PIE of practice A. The 

last example of overlap is when PIE of both groups overlap. Practice A and B are merged 

as equals, and both practices want the system each used previously to be the one that is 

kept. Both practices want to retain control of critical information and processes. The 
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overlap of PIEs is especially contentious, and the outcome of this battle depends on the 

skill with which each practice can wield organizational power and influence. 

When an information system is being implemented into an organization like a hospital, 

the system can impact all functional areas within the hospital at the PIE level. As a 

result, every functional group will try to control critical processes and data, which is 

seen as being controlled in the future by something or someone outside of the 

functional group. This will lead to attempts to gain control or ownership of the 

information system, to protect organizational roles and influence. As multiple functional 

groups are in this same situation, conflict can be expected (Warne & Hart, 1996). 

The next sections will compare the EHR and ERP system implementations from the 

perspective of an organization managing the change that the implementation creates. 

This discussion will be followed by a discussion of the results that EIS implementations 

produce in an organization.  

2.2.5 EHR / ERP Projects Compared and Contrasted 

Enterprise system implementation projects vary in size, length, and impact on the 

organization personnel. One overall goal of the implementation of these systems is to 

increase efficiency in the organization by having knowledge (data) available to those 

who need it. As a result of ERP/EHR projects, information is organized within these 

systems and is available to all other users. 
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Research by Ribbers and Schoo (2002) on management and complexity of ERP 

implementations found that the implementation of complex software was undertaken 

as a group of smaller projects, with each of these smaller projects monitored using 

project management techniques. There were four major findings from Ribbers and 

Schoo’s research on the method of performing ERP implementation projects. The first 

finding was the criticality of communication. Second, since the project was decomposed 

into smaller projects, mechanisms such as reviews and steering committees were found 

to be necessary to ensure alignment of all projects, especially for enterprise 

implementations, large scope changes, large number of concurrent projects, and large 

numbers of resources. Ribbers and Schoo also found that different implementation 

approaches should be used depending on task complexity. Lastly, results of the research 

indicated that as the variety (locations, site readiness, number of systems to replace, 

and negative attitudes) increased, so did the demands on project management for 

communication and sponsorship. In the next two sections, the changes that the ERP and 

EHR system implementation projects bring to the organization will be discussed. The 

first section discusses how the ongoing implementation impacts the organization and 

the second section discusses what happens after the implementation is completed.  

2.2.5.1 Managing Change due to ERP and EHR Implementation Projects 

Both ERP and EHR implementation projects create technological-based change (Alshahi, 

2008). Enterprise system implementations are very complex projects and cause 
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disruptions to business practices. When an enterprise system is implemented, either 

ERP or EHR, some portion of the workforce will have work tasks changed. With these 

changes in work tasks, employees must learn how to use the new system, new 

processes and new procedures. Since the typical ERP or EHR system can be used for 

financial, human capital, operations, and/or service functions, the number of functions 

chosen by the organization to be implemented impacts the number of personnel 

required to change day to day tasks.  

An enterprise system implementation typically includes both change management and 

business process reengineering (BPR). “BPR is a problem-solving approach that 

emphasizes the fundamental rethinking and radical redesign of business processes to 

achieve dramatic improvements in critical contemporary measures of performance such 

as cost, quality, services and speed” (Ho, Chan, & Kidwell Jr., 1999, pp. 19). Business 

process reengineering (BPR) frequently changes jobs from a functional focus to a 

process focus. Researchers found, for the implementation of e-government technology, 

technology change did not create the major impact and technology changes only 

accounted for 20% of the implementation process time. 40% of the process time was 

required for change management, and BPR accounted for 30% of the time (Alshahi, 

2008). Top management support has been identified as being critical to the success of 

BPR in hospitals. Top management support is also important for ERP projects, but not to 

the same level as EHR systems due to the physicians’ informal power. In hospital BPR 
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projects, “Bottom-up acceptance of the BPR design is the key to implementation 

success” (Ho et al., 1999, p. 22). The factors leading to unsuccessful projects were: “lack 

of cooperation from staff because BPR is viewed as job cutting, lack of buy-in from 

medical [or business] staff, insufficient staff training and skill development of BPR; and 

poor planning” (Ibid, p. 22).  

“… the effective implementation of BPR requires CEOs and other change 

agents not only to have strong process skills but political skills as well. 

Political deftness is crucial to contending with organizational participants 

who might pull away from the hospital’s major goals in an attempt to 

align BPR outcomes with their own departmental or self-interests. Such 

political agendas underlie some of the key “failure factors” noted in this 

study, including lack of cooperation from staff, lack of buy-in from the 

medical [or business] staff and complaints of poor planning and 

insufficient training” (Ho, 1999, pp. 27-8). 

Research into user resistance to information system implementations has shown that 

switching costs increase user resistance (Kim & Kankanhalli, 2009). Employees fear 

change and how it will impact authority and responsibility levels (Allen et al., 2002).  

Change management is considered critical to the success of an ERP or EHR 

implementation. The goal of change management is to create “A culture of shared 

values and a strong corporate identity” (Nah & Delgado, 2006, p.100). Information 

dissemination about new systems begins before the implementation project. A large 

role of the change management function is keeping the organization informed of the 
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status and changes being made. If information is supplied to employees, there is less 

guessing and worrying within the organization. Change management processes also 

need to emphasize the benefits of the new system. If the organization does not involve 

the users, it can lead to a delay in business success as the best outcome, or project 

failure and waste of money at worst. 

The change process associated with complex projects is usually preplanned, with 

defined timeframes. For success, “when the technology being implemented is new and 

unprecedented, and additionally has an open-ended and customizable nature, an 

improvisational model providing the flexibility for organizations to adapt and learn 

through use becomes appropriate,” (Orlikowski & Hofman, 1997, p. 18). At least two 

enabling conditions are critical: the alignment of the change model, technology and the 

organizational context and sufficient support for the change process (Orlikowski & 

Hofman, 1997).  

One area of support for the change process is the training of personnel. Training occurs 

during the implementation and continues after the implementation is complete. Central 

to this is having a local expert available to personnel. One technique to promote internal 

knowledge sharing is through the use of early adopters and super-users. It was found 

that early adopters and super-users were very important in diffusing the knowledge into 

the organization and to the acceptance of ERP systems (Al-Mashari, Al-Mudimigh & 

Zairi, 2003). Researchers found that self-efficacy increases ease of use and decreases 
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user resistance to change (Kim & Kankanhalli, 2009). Similar results were also found for 

EHR system implementations. Robinson (2009) found that compatibility of the new 

system with existing values and practices, its simplicity, the ability of users to 

experiment, and obvious relative advantage and observable results had large facilitating 

properties in getting organizations to accept EHR systems. These areas determined 

“between 49 and 87 percent of the variation in the adoption of new products” 

(Robinson, 2009). 

2.2.5.2 ERP and EHR Project Results 

After implementation there is a stabilization period as implementation problems are 

fixed and performance improves. This period can last from months to years. One study 

of 63 companies found no benefits from a new ERP system until six months after 

completion of implementation (Lorenzo, Kawalek & Ramdani, 2009). This was offset, 

however, by a median savings of $1.6M (Al-Mashari, 2003). Subsequent to this system 

stabilization period is a period of steady improvement. The organization finally reaches 

major process transformation as it achieves mastery of the system (Shanks et al., 2000). 

Internal knowledge sharing is central to this transformation. People in the organization 

trust the system and seek additional ways to use the system to improve operations 

(Lorenzo et al., 2009). Improvement over time in this manner was documented for a 

sample of ERP systems by Lorenzo et al. Longitudinal research found that it took up to 
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six years for these organizations to achieve full utilization and mastery of the system 

(Lorenzo et al.).  

Seddon, Clavert and Yang (2010) developed a model to explain the factors affecting 

long-term enterprise system benefits to the organization. Seddon et al. found that two 

factors affect the performance in the short term, the first few years, and once the 

system has gone live. These two factors, functional fit and overcoming organizational 

inertia, control the organizational benefits of the enterprise system in the short term. 

Long term factors were found to be different from the short-term factors. The four long-

term factors affecting organization performance included integration, process 

optimization, improved access to information, and process improvement (BPR) projects 

(Seddon et al., 2010).  

With implementation and integration of an ERP or EHR system, there is better access to 

information. This increase in information, however, also changes accountability, 

responsibility and communication (Wailgum, 2008). Each employee in the enterprise 

system can be audited by management because every time an employee uses the 

system, a system logins identifies individual employees and every action taken is 

documented. The change to an ERP or EHR system affects the power structure of the 

organization because of the auditing power now in the hands of management (Allen et 

al., 2002).  
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Success rates for both ERP and EHR system implementations as found in the literature 

are roughly 60%. Implementation failures of ERP projects have typically been attributed 

to “unsatisfactory project management and control, incomplete goal specification, lack 

of communication, and underestimation of project complexity” (Ribbers & Schoo, 2002, 

p. 45). Research from 1999 – 2005 on ERP implementations identified four types of ERP 

project failure: (1) process failure (not completed within time and budget), (2) 

expectation failure (the customer expectations did not match the outcome); (3) 

interaction failure (the customer has a negative attitude toward the IT system), and (4) 

correspondence failure (the system does not meet the project objectives) (Aloine, 

Dulmin & Mininno, 2007). The most frequently researched risk factor related to ERP 

implementation success found in Aloine, Dulmin and Mininno (2007) was ERP system 

selection. The second through fourth most common risk factors were related to 

strategic planning, project management techniques, and project management actions. 

The fifth most common risk factor was change management. These risk factors serve as 

a starting point for identifying CSFs. 

The next area of the literature that is discussed is CSFs. The focus of the discussion of 

CSFs will be on ERP projects, where researchers have had twenty years to study ERP 

projects. The limited research available on EHR CSFs is also summarized. Finally, CSFs as 

defined in the current literature for ERP and EHR projects will be compared and 

contrasted. 
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2.3 Critical Success Factors 

Success factors were first identified by Daniel (1961). CSFs are the elements that create 

the environment necessary for success to occur (Kerzner, 1987). Work by Rockart coined 

the term CSFs (Rockart, 1979, p. 85).  

“Critical success factors thus are, for any business, the limited number of 

areas in which results, if they are satisfactory, will ensure successful 

competitive performance for the organization. …critical success factors 

support the attainment of organizational goals. … Critical success factors, 

however, are the areas in which good performance is necessary to ensure 

attainment of those goals. “ 

2.3.1 Development of CSFs 

Daniel (1961) posited that there should only be three to six key success factors. Daniel 

identified two types of success factors associated with information systems, controlling, 

and planning. There are three basic types of information needed for planning: 

environmental, competitive and internal information. Controlling information, which 

typically is available, consists of financial and non-financial data that is past-oriented. 

Planning information is future-oriented, does not follow organizational lines, and 

includes non-financial information (Daniel, 1961). Daniel found that while managers 

were given large numbers of reports, the reports did not necessarily contain the 

information that managers needed to respond to required tasks. Success factors were 

developed to help managers determine what information was needed to properly 

manage the organization. 
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Rockart (1979) expanded the use of the term, critical success factor (CSF), with the 

development of the CSF Method. This method also expanded the application of CSFs, 

allowing CSFs to be used for planning both information systems projects as well as a 

general planning tool for the organization.  

Table 2.20 provides a brief summary of the history of CSFs and illustrates the application 

of CSFs in different domains. CSFs in the 1960’s – 1980’s were defined for individual 

organizations in which the organization’s mission and strategy were known. CSFs were 

not performance measures. Once CSFs were determined, the measures and goals would 

be identified. CSFs would be determined using a top-down approach. Upper 

management would decide on goals, and the associated measures would tell each level 

of the organization whether or not corporate objectives were being met. Subunit CSFs 

would be functional subsets of the goals and measures associated with those of upper 

management. 
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Table 2.20: CSFs development history 

Authors History of Critical Success Factor 

Daniel (1961) • CSFs referred to information needs of management 
• Defined CSFs as industry dependent 
• Believed 3 – 6 CSFs were typical in most industries 

Rockart (1979)  • Identified four prime sources of CSFs besides industry: 
1. Structure of the particular industry 
2. Competitive strategy, industry position & location 
3. Environmental factors (e.g., GNP, economy, political environment) 
4. Temporal factors (internal organizational considerations) 

• CSFs vary by industry, organization, level of management and focus 
• CSFs determined are relevant for a snapshot in time 
• Developed CSF Method using interviews of top management 

Munro & Wheeler 
(1980) * 

• Use of CSFs to direct organization’s efforts in developing strategic plans 

Bullen & Rockart 
(1981) 

• MIS planning tool 
• General planning process tool 

Martin (1982)* • CSFs are impacted by location country and its associated cultural and 
union environment 

Ferguson & 
Dickinson (1982)* 

• CSFs used by the board of directors to monitor an organization’s 
activities 

Anderson (1984)* • Use CSFs to help organizations to achieve high performance 

Slevin (1987) • Defined 10 ‘project’ CSFs 

Pinto & Prescott 
(1987) 

• Individual CSFs change importance over project life cycle phases 

Freund (1988) • Each level of a company has specific CSFs; only 5 to 10 should be defined 
for each (only critical factors should be included) 

Bergeron & Begin 
(1989) 

• Use of a survey to collect data on usefulness and availability of CSFs 
across a larger group, using CSFs previously identified by upper 
management personnel. 

• The use of a survey was seen as more neutral to the respondents 

Dvir, Lipovetsky, 
Shenhar and Tishler 
(1998) 

• Research findings suggested that some variables are more important 
than others in predicting project success, the distribution is not uniform 

• A project-specific approach is appropriate, as different project types are 
affected by different sets of success factors. 

* from Boynton & Zmud, 1984, pp. 17-27 
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The early use of CSFs was to determine the information needs of management. An 

example from the early 1980’s is work completed for the Financial Institutions 

Assurance Corporation (FIAC) where four CSFs were identified. The first CSF was to 

prevent losses through risk management. The second was to increase diversification of 

the customer base. The third CSF was to increase professional staff productivity. The 

fourth CSF was to enhance the corporation’s image with the firm’s markets and the 

public, (Shank, Boynton & Zmud, 1985). These CSFs were applied to the entire firm and 

were influenced by the mission and strategy of the FIAC. These four CSFs identified what 

the organization needed to do correctly to be successful. CSFs were not items that could 

be directly measured, but instead were used to identify quantitative goals that could be 

used to measure the organization’s success. It is in this usage that CSFs were used as 

information planning tools and general planning tools. Managers would determine CSFs. 

Quantitative measures would be associated with the CSFs, and the quantitative 

measures would be the signal for management to know when desired goals were 

achieved. These quantitative measures were captured in the IS system or through 

general planning tools.  

As CSFs evolved to apply to specific projects, CSF categories changed. A sample of CSF 

categories is shown in Table 2.21. The FIAC CSFs were linked to monitoring the business 

and building the business. The categories have become more focused, but no 

consistency of categories is yet accepted across published research. CSFs still represent 
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areas the organization must do correctly for the project to be successful, with each 

organization creating specific quantitative measures associated with CSFs. Recent 

research into CSFs has focused on particular project types, with the assumption that 

contextual and project characteristics do not matter.  

Table 2.21: Critical Success Factor (CSF) categories 

Authors Critical Success Factor Categories 

Daniel (1961) • Planning 
• Controlling 

Rockart 
(1979) 

• Monitoring 
• Building 

Slevin (1987) • Strategic 
• Tactical 

Belassi and 
Tukel (1996) 

• Factors relating to the project 
• Factors relating to the project manager and team 
• Factors relating to the organization 
• Factors relating to the external environment 

Garcia-
Sanchez 
(2007)  

• ERP-Human Factors 
• ERP-Technological Factors 
• ERP-Organizational Factors 

CSFs have been applied to projects in the fields of construction, engineering, 

government, information technology and utilities (Carden & Egan, 2008). Typically, 

similar types of projects, for example ERP implementations, are included within a single 

study, and a list of CSFs is developed for that specific type of project. Table 2.22 

summarizes some of the previous research where ranked lists of CSFs have been 

created. Differences between the individual projects and how these differences impact 

the resulting CSFs have not been well-characterized in the literature. An example of 
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differences in ERP implementation projects would be the number of modules and timing 

of modules implemented. For example, one organization might implement all modules 

at all locations simultaneously; whereas another organization might roll out modules 

individually at one or a small number of sites and then implement these same modules 

at other sites in a progressive manner. Weaknesses as identified in previous CSF 

research are discussed next.  

2.3.2 Limitations of Previous CSF Research 

CSF studies typically result in a rank-ordered list of CSFs. Ranks are obtained from a 

group of similar projects of a distinct type, such as ERP implementations. The individual 

project CSF scores could have a ranking from 1, least important, to a ranking of n, where 

n is the total number of CSFs in a list. These ranking numbers are often averaged over 

the entire sample to get an average CSF ranking. Alternatively, rankings are obtained by 

having respondents score CSFs using a scale (e.g. 1 to 5) and averaging these scores, and 

then using a value, such as 3, as a cutoff for separating CSFs from factors that are not 

critical. 

In the CSF literature, there are eight notable limitations of previous CSF research. First, 

project and organization characteristic differences between projects are typically not 

noted in many studies (Balachandra & Friar, 1997). Second, the quality of the data, 

resulting from bias (as described by shore 2008), case selection, responder objectivity 

and industry is not consistently considered (Balachandra & Friar).   
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Table 2.22: Previous CSF research study details 

Researchers  
(year) 

Method 
Organizational 
Characteristics 

Respondents and Timeline 

Holland and 
Light (1999) 

Series of eight case 
studies. Data analyzed 
within cases and across 
cases 

Range of industries. Key company business and IT 
personnel. Interviews held every six 
months from start to testing of the 
system at the organizations. 

Akkermans 
and van 
Heldon 
(2002) 

Case study One mid-size 
manufacturing firm. 

Data collected during implementation 
and following implementation for two 
years total. 

Zhang, et al. 
(2003) 

Survey with 47 usable 
responses. Used two 
surrogate measures for 
ERP implementation 
success. 5-point scale 
survey. 

Firms from three 
areas of China. 

One survey sent to firms which had 
implemented MRP, MRP II and ERP 
systems within the last two years. 
Respondents were from a variety of 
departments and in various roles.  No 
summary details on respondents were 
provided. 

Nah et al. 
(2003) 

Survey questionnaire; 54 
usable responses. 5-point 
scale survey. 

Fortune 1000 firms. Surveys sent to CIO’s. No 
information regarding data collection 
versus time of ERP implementation 
provided. Study focused on factors 
critical in early phases of 
implementation.  

Somers and 
Nelson 
(2004) 

One-page questionnaire 
mailed to participants 
asked them to indicate the 
importance of 22 
different CSFs by project 
phase. 133 total usable 
responses.5-point scale 
survey. 

Fortune 500 firms and 
200 firms selected as 
a random sample of 
organizations. 

Questionnaires sent to CIOs. Four 
time frames around implementation 
were noted: early to mid-
implementation, late implementation 
(near completion), completed within 
last year, completed over one year 
prior to data collection. 

Nah & 
Delgado 
(2006) 

Multiple case studies. 
Two sets of interview 
questions related to first 
implementation and to 
upgrade using 4-point 
scale. 

Study of upgrades in 
two organizations 
(not first 
implementation); one 
single site and one 
multi-site, both in the 
same state 
(university). 

University interviewees: CIO, 
Director of Admin Services and five 
ERP module owners. Power Co: CIO, 
ERP upgrade PM and five ERP 
module owners. 

Garcia-
Sanchez and 
Perez-Bernal 
(2007) 

Survey administered to 
48 managers, 90% by 
mail and 10% in person. 
Survey used 5-point 
scale. 

Medium to large 
Latin American 
enterprises, 69% 
medium and 31% 
large. 

Survey administered to managers who 
had completed or were just 
completing an ERP implementation. 
Participants were~50% managers, 
~40% IT professionals, and twelve 
individuals from unknown positions. 
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Third, CSF selection and definitions vary (Balachandra & Friar, 1997). There is no 

standardized list of CSFs or definitions. An example of research where this lack of 

standardization is notable are studies by Garcia-Sanchez and Perez-Bernal (2007), and 

Chow and Cao (2008). Garcia-Sanchez and Perez-Bernal (2007) started with a literature 

search and cross-referenced CSFs from nine studies. Due to similarities in descriptions, 

several CSFs were combined and renamed. Chow and Cao (2008) also noted the 

similarity of CSFs in an analysis of project failure and success factors, several CSFs were 

consolidated in the research to eliminate this overlap.  

The fourth limitation of previous research is inconsistent measurement across 

respondents – no benchmarking has been done to scale inputs (Balachandra & Friar, 

1997). Respondents from different organizational positions will have different CSFs due 

to different foci. Combining the scores of respondents is problematic and may not 

provide a meaningful result. Cultural issues were identified as the fifth limitation. 

Cultural issues defined in Table 2.23 can impact CSFs ratings (Shanks et al., 2000). An 

example of this was noted by Pairat and Jungthirapanich (2005). Pairat and 

Jungthirapanich performed a literature review of research publications from 1999-2001, 

82% of the ERP literature related to large firms primarily located (96%) in the U.S. and 

Europe. Those figures changed in a 2002-2004 analysis, with only 54% of the ERP 

literature based on large firms, and 59% of the ERP literature on U.S. and European 

implementations. In this time frame, Asia based research increased from 4% to 41% of 
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the total research. However, these changes in the base of research may have impacted 

CSFs due to differences in cultural norms. These cultural issues have not always been 

discussed or taken into account when lists of CSFs are compared.  

Table 2.23: Cultural issues identified as a source of variation (Shanks et al., 2000) 
Cultural Issue Definition 

Power distance 
Organizational structure: centralized (high power 

distance) or flatter organization (lower power distance) 

Individualism versus collectivism Individual or group interests are favored 

Uncertainty avoidance Low risk tolerance 

Masculinity versus femininity Money and rationality or intuition  

The sixth limitation originates from the research instruments used for CSF research. 

Surveys used for CSF research do not often identify what is meant by success. As a 

result, respondents assume timeframes and answer according to these assumptions 

(Shenhar et al., 2001). Seventh, the method of determining CSFs tends to create the 

impression that CSFs are static, rather than dynamic (Fortune & White, 2006). Lastly, 

respondents for a single study are often not at the same organizational level (CIO versus 

a CEO versus department head, etc.) (Rockart, 1979). 

Belassi and Tukel (1996), also cited an additional limitation of the methods for 

determining CSFs. Belassi and Tukel posit that the interactions between CSFs were as 

important as individual CSFs and should be taken into consideration. Interactions 

between CSFs have not been studied, except by Belassi and Tukel, and Hyvari (2006). 

This consideration of interactions is not common. Chow and Cao (2008), for example, 
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did not evaluate any interaction variables in the multiple regression models created 

from the data. Chow and Cao (2008) assumed that the interaction of all the variables 

would be included in the coefficients of the primary independent variables. The 

potential importance of interactions between CSFs is an area that needs additional 

study.  

There has also been concern from researchers other than Balachandra and Friar (1997) 

that both contextual and project characteristics have a large impact on CSFs (Belassi & 

Tukel, 1996; Maylor et al., 2008). The impact of contextual and project characteristics 

has not been well-studied.  

2.3.3 Relevant CSF Research Models 

There are five previously published research studies that have classified CSFs into 

categories (Belassi & Tukel, 1996; Hyvari, 2006; Chow & Cao, 2008; Garcia-Sanchez & 

Perez-Bernal, 2007; and Sanchez, Savin & Vasileva, 2005) These studies are summarized 

in Table 2.24, and each is described in more detail in the next five subsections.  
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Table 2.24: Critical success factor categories investigated for contextual effects 

Authors  Critical Success Factor Categories  

Belassi and Tukel (1996)  
PM model 

• Factors relating to the project  
• Factors relating to the project manager and  team  
• Factors relating to the organization  
• Factors relating to the external environment  

Hyvari (2006)  
PM model 

• Factors relating to the project  
• Factors relating to the project manager  
• Factors relating to the project team  
• Factors relating to the organization  
• Factors relating to the external environment  

Chow  and Cao (2008) 
Agile SW development 
project model 

• Organizational  
• People 
• Process 
• Technical 
• Project 
• Technological Factors  

Garcia-Sanchez and Perez-
Bernal (2007)  
ERP implementation 
project model 

• Human Factors  
• Technological Factors  
• Organizational Factors 

Sanchez, Savin and 
Vasileva (2005) 
EMR Implementation 
project model 

• Organizational Environment 
• People Characteristics 
• Technical Problem 
• EMR Vendor Support 
• Cultural Impact 

2.3.3.1 Belassi and Tukel’s Model 

The model from Belassi and Tukel (1996) is shown in Figure 2.6. CSFs are grouped to 

allow a better evaluation of the effect, called system responses, which lead to project 

success or failure. Not all CSFs directly impact project success or failure. Project failure 

may be due to the interaction of different CSFs. This was a first attempt to identify a 

cause-effect relationship between CSFs and project success. 
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Figure 2.6: Critical success factor categories create a system response that leads to 
success or failure (Adapted from Belassi & Tukel, 1996) 

Factors related to the project, the project team and external factors have typically not 

been included as CSFs, but Belassi and Tukel (1996) believed that these factors were 

extremely important and should be considered. Whether the factors are critical or not 

depends on the particular type of project. The project characteristics included were size 

and value, uniqueness of project activities, density of a project network (refers to the 

number of precedence relationships to the overall number activities, expressed as a 

ratio), life cycle and urgency. Urgency is the required timeframe of the project outcome.  
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Study respondents were asked to rank CSFs (top management support, client 

consultation, preliminary estimates, the availability of resources, project management 

performance and other project specific factors). The ranking of CSFs was compared 

versus industry type, organization type (pure, functional, or matrix), size of firm 

(moderate or large) and against success factors (cost, time, quality and customer 

satisfaction). By industry, the order of CSFs changed, with top management support and 

client consultation as most important for MIS projects. For either size of project 

(moderate or large), as well as for the project success factors (cost, time, quality and 

customer satisfaction), availability of resources was the most important CSF. The 

rectangles at the top of Figure 2.7 are factor groups, containing individual factors. When 

factor groups, rather than individual factors were considered, the factors related to the 

Organization were most important, independent of industry type. Using individual 

factors, part of the factor group Project Management, the attributes of top 

management support and commitment were ranked first overall. For MIS projects, 

project management and client consultation CSFs were ranked first and the 

technological environment (part of the External Environment factor group) had a large 

impact on these projects. 

2.3.3.2 Hyvari’s Model 

Hyvari (2006) performed a survey of forward thinking companies following the pattern 

of Belassi and Tukel (1996). Rather than rate CSFs from one to five, Hyvari had 
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respondents choose three factors in each factor group that was considered to be most 

critical to the successful implementation of a project. Based on the results of this survey, 

project management CSFs were found to be directly related to 

company/organization/project size, organization type, and project managers’ work 

experience. The importance of project communication, according to the results, was 

related to company size. These research results differed from some other prior studies, 

in that communication was ranked highest in most project phases.  

2.3.3.3 Chow and Cao’s Model 

Chow and Cao’s (2008) research investigated the relative importance of CSFs in agile 

software development projects. Part of this research investigated the impact of 

different CSF categories on project success. Chow and Cao divided CSFs into five 

categories, containing twelve CSFs as shown in Figure 2.7. The Chow and Cao model is 

compared against two other models in Table 2.26, showing the similarities and 

differences between the CSFs for Agile Software, EHR, and ERP system projects. 
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Figure 2.7: CSF model for agile projects (adapted from Chow and Cao, 2008) 

Chow and Cao (2008) completed multiple regression analysis using CSFs as the 

independent variable and measures of project success as the dependent variables. 

Project success measures used included quality, scope (meeting requirements), 

timeliness and cost. Based on the results of this research, no one CSF was found to 

impact all four project success measures. The results of Chow and Cao (2008) study are 

summarized in Table 2.25. 

Table 2.25: Research Summary of Results (Adapted from Chow & Cao, 2008, p. 967) 
Critical Success Factor Quality Scope Timeliness Cost 

Team Environment X    

Team Capability   X X 

Customer Involvement  X   

Project Management Process X    

Agile SW Engineering Techniques X X   

Delivery Strategy  X X X 
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The research of Chow and Cao (2008) provided details that prior research, such as done 

by Ehie and Madsen (2005), did not answer regarding the impact of individual CSFs on 

success. Ehie and Madsen’s research investigated relatively large organizations 

(determined by the software choices) and tested the correlation of CSFs in ERP 

implementations. Ehie and Madsen found that project management principles, 

feasibility/evaluation of ERP project, top management support, business process 

reengineering, consulting services and cost/budget issues were all significant. The 

survey results identified that top management was the initiator for 66% of the 

implementations studied. The reason that ERP was being implemented, as identified by 

66% of the responders, was to improve internal business processes (Ehie & Madsen). 

2.3.3.4 Garcia-Sanchez and Perez-Bernal’s Model 

The Garcia-Sanchez and Perez-Bernal research (2007) calculated CSFs for ERP 

implementations and grouped CSFs according to the area of focus (human factors, 

technological factors, and organizational factors). The researchers proposed that 

creating groups of CSFs would better focus the attention of management and the 

organization to areas needing the most attention. The assignment of CSFs to the three 

groups is summarized in Table 2.26.  
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2.3.3.5 Sanchez, Savin and Vasileva’s Model 

Sanchez, Savin and Vasileva (2005) considered five categories of factors to influence the 

successful implementation of Electronic Medical Record (EMR) systems. These are 

shown in Table 2.26. The organizational environment influences the success of an EMR 

system implementation because the EMR system influences the entire organization and 

therefore requires the cooperation of all of the personnel in the organization.  

People characteristics include the training of participants and the user involvement in 

both the EMR system requirements definition and the implementation of the EMR 

system. People are educated / trained on the logic, features and use of the EMR system. 

Through hands-on employee training with the new system, the fear of change can be 

reduced. 

The third category identified by Sanchez, Savin and Vasileva (2005) was technical 

problems. These result from the use of off-the-shelf software that does not completely 

match the needs of the organization. The ease of customization refers to the ability of 

the system to be adapted to fit the organization. 
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Table 2.26: Comparison of Critical Success Factor groupings from three different 
research models 

Chow and Cao  
(2008)  Agile Software 

Garcia-Sanchez and Perez-Bernal 
(2007) ERP System 

Sanchez, Savin and Vasileva 
(2005) EMR System 

Organizational Factors 
• Management 

Commitment 
• Organizational 

Environment 
• Team 

Environment 

 

Organizational Factors 
• Top Management Support 
• Business Process 

Reengineering (BPR) 
• External Consultants 
• Change Management Plan 
• Vision Statement and 

Adequate Business Plan 

Organizational Environment 
• Communication and 

Motivation 
• Effective Project 

Management 
• Department Workflow 

Analysis 
• Specific and 

Measurable Goals 
People Factors 
• Team Capability 
• Customer 

Involvement 

Human Factors 
• Teamwork Composition 
• Communication 
• Project Champion 
• End User Involvement 

People Characteristics 
• Education and Training 
• User Involvement 

Technical Factors 
• Agile Software 

Techniques 
• Delivery 

Strategy 

Technological Factors 
• Project Management 
• ERP System Selection 
• Training and Support for 

Users 
• Tests and Problem Solution 
• To Facilitate Changes in the 

Organizational Structure 
• To Facilitate Changes in the 

Legacy Systems and IT 
Infrastructure 

Technical Problem 
• Suitability of Software 

and Hardware 
• Data accuracy 

Process Factors 
• Project 

Management 
Process 

• Project 
Definition 
Process 

 EMR Vendor Support 
• Vendor Support 

Project Factors 
• Project Nature 
• Project Type 
• Project Schedule 

 Cultural Impact 
• Organizational Culture 
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The fourth category was vendor support and can be split into three dimensions: service 

response time, knowledgeable consultants and vendor help with EMR system 

implementation. The last category was cultural impact. This refers to the change in the 

organization culture brought about as a result of the implementation of the EMR 

software system. 

2.3.4 ERP CSFs 

ERP systems have been implemented since the early 1990s, resulting in a large body of 

available literature. However, due to the similar nature of the two enterprise systems, 

ERP and EHR, there should be similarities in relevant CSFs. CSFs for ERP implementations 

have been summarized by various authors (Garcia-Sanchez & Perez-Bernal, 2007; Nah, 

Lau & Kuang, 2001; Nah et al., 2003; Nah & Delgado, 2006; Somers & Nelson, 2004). 

Table 2.27 summarizes CSF results from nine different studies of ERP implementations. 

Even when the same project type has been studied there is variation in the lists of CSFs 

generated. These studies span a minimum of four years. Besides the changes in 

software complexity that have occurred over this timespan, these projects varied in size, 

type of industry, and even country of implementation.  

Some researchers have used CSF information from different studies to create a 

prioritized list of CSFs. This has been done by ordering rated CSFs in ascending order of 

importance, according to the number of times a CSF was listed in research. (CSFs listed 

more times translates to a more important CSF). This approach was taken by Finney and 
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Corbett (2007), who used 45 different research articles on ERP CSFs to create a ranked 

list of CSFs. Finney and Corbett determined the frequency of the CSFs from the 45 

different research articles reviewed, and the top 20 of these are shown in Table 2.28. 

The Finney and Corbett research, however, includes duplication, due to a large number 

of researchers performing secondary research on ERP CSFs. The meanings of the CSF 

terms used were also found by the researchers to not be consistent across the different 

studies.  

An alternate approach used by researchers is to ask respondents to rate CSFs in a list 

from one to five using a Likert scale. In the Garcia-Sanchez and Perez-Bernal (2007) 

research, the rating was explained as: the value 5 represents “Extremely critical and 

important for the success of the implementation process”, and a 1 represents “Neither 

critical nor important for the success of the implementation process” (p. 299). The 

Garcia-Sanchez and Perez-Bernal ordering of CSFs was obtained from the mean ratings 

and standard deviation summarized in Table 2.29. The Garcia-Sanchez and Perez-Bernal 

scale used two different characteristics, criticality and importance, in the Likert scale 

definition. Scales tied to two different conditions, such as criticality and importance, 

could create uncertainty for respondents. A CSF could be important for the success of 

the ERP implementation process but not critical. 
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Table 2.27: Cross-reference between CSFs and studies (adapted from Garcia-Sanchez 
and Perez-Bernal, 2007, pp. 296-7) 
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Project team competence    √  √    

Top Management Support √ √ √ √ √ √ √ √ √ 

Employee Moral        √  

Minimal Customization √     √    

Steering Committee      √    

Project Management/Effectiveness √ √ √ √ √ √  √  

Project Champion √ √  √  √    

Effective Communication / 
Interdepartmental. 

√ √  √ √ √  √  

User Training & Education/Training 
Employees 

  √  √ √  √ √ 

Data Analysis & Conversion 
Accuracy 

  √   √    

User Involvement   √       

Management Expectation    √  √    

ERP Consultants / Vendors / 
Customer Partnerships 

     √  √  

Use of Consultants      √   √ 

BPR/BPC √ √ √  √ √ √ √ √ 

Change Management  √ √   √ √ √   

Interdepartmental Cooperation    √  √  √  

ERP SW Package Selection    √ √ √    
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Table 2.28: Frequency analysis of CSFs in literature (Adapted from Finney and Corbett, 
2007, p. 240) 

CSF category Number of instances cited in literature 

Top management commitment and support 25 
Change management 25 
BPR and software configuration 23 
Training and job redesign 23 
Project team: the best and brightest 21 
Implementation strategy and timeframe 17 
Consultant selection and relationship 16 
Visioning and planning 15 
Balanced team 12 
Project champion 10 
Communication plan 10 
IT infrastructure 8 
Managing cultural change 7 
Post-implementation evaluation 7 
Selection of ERP 7 
Team morale and motivation 6 
Vanilla ERP 6 
Project management 6 
Troubleshooting/crisis management 6 
Legacy system consideration 5 
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Table 2.29: Descriptive Statistics for the CSFs Analyzed (Garcia-Sanchez and Perez-
Bernal, 2007, p. 300) 

 Critical Success Factor Mean Standard Deviation 

1 Top management support 4.9 0.31 

2 Project Management 4.5 0.75 

3 Teamwork composition for the ERP project 4.5 0.61 

4 Communication 4.4 0.67 

5 Business Process Reengineering 4.3 0.66 

6 ERP system selection 4.2 0.74 

7 Having external consultants 4.2 0.96 

8 Training and support for users 4.1 0.67 

9 Project champion 4.1 0.86 

10 End users involvement 3.9 0.71 

11 Change management plan 3.6 0.76 

12 Tests and problem solution 3.6 0.76 

13 To facilitate changes in the organizational 
structure, in the “legacy systems” and in the IT 
infrastructure 

3.4 0.89 

14 Vision Statement and adequate business plan 3.3 0.99 

2.3.5 EHR CSFs 

EHR implementations are much newer, and CSFs are not as well-studied as ERP CSFs. A 

comprehensive literature review from Ward et al. (2008) discussed many of the factors 

affecting health care personnel with respect to information technology system 

implementations. Similar to ERP, high level leadership was identified as the most 

important factor for successful implementations. The identification of project 

champions and the proper people in EHR teams and involved as users were found to 

help organizations achieve a successful implementation. Implementations required 
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training of personnel to gain both technology experience and confidence in using the 

system.  

Other researchers have presented different views on the factors for success. Table 2.30 

presents two such lists. Glaser (2009), as part of the management team, implemented 

EHR into ten of a network’s eleven hospitals. Success for Glaser (2009), besides the ten 

factors in Table 2.30, included a competent IT staff and EHR software that fits the needs 

of the organization. Robinson (2007) looked at key factors not from the project 

management side as Glaser, but from a participant’s viewpoint. The focus of the key 

factors identified by Robinson was on getting buy-in from the staff.  

This completes a review of the pertinent literature and provides the necessary 

background for the current study. Complexity theory was reviewed, as well as the 

relationship of complexity to the contextual factors. Two types of enterprise system 

projects, ERP and EHR systems implementation projects, included in this study were 

discussed. This section concluded after providing a summary of previously published 

research on contextual factor and CSFs. The details of the methodology used for this 

research study are summarized next. 
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Table 2.30: CSFs Identified by EHR researchers (Glaser, 2009, pp. 50-54) 

Factor for Success (Glaser, 2009) Key Factors (Robinson, 2007) 

The organization’s strategies, objectives, and plans 
are clear and well-conceived 

Administrative Executives’ role 

Ways to link the IT agenda to the organization’s 
strategies are discussed by management 

Clinicians and specifically physicians 
involvement in the process 

The organization holds itself accountable for its 
performance 

Demonstrated benefits to clinicians 

Efficient and effective IT governance is in place. Demonstrated ease-of-use and 
alignment with work-flow 

The organization has determined which processes 
require IT-enabled improvement and measures 
performance 

Availability of technical support 

Multiple supporting initiatives have been 
incorporated. 

The organization understands the complicated 
nature of the value proposition of an EHR. 

Clinicians are continuously engaged in improving the 
systems and related workflows. 

Investment in infrastructure is supported 

The organization invests in modest, thoughtful IT 
experimentation. 
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3 Methodology 

This chapter describes the research methods used for this study including the research 

design, the survey used to collect data, research respondents, and data analyses. This 

research study did not attempt to measure complexity directly or project success, but 

rather this research attempted to understand the relationship between a project 

manager’s opinions of the importance (ratings) of CSFs (leading to project success) and 

project complexity (a result of project characteristics and organizational factors).  

3.1 Research Design 

This research evaluated the presence of a relationship between project characteristics 

and organizational factors and CSFs. The research hypotheses developed for this study 

contend that contextual factors, consisting of project characteristics and organizational 

factors, influence the relative importance of CSFs. The research hypotheses were 

investigated for two types of projects, ERP and EHR system implementation projects. 

The targeted respondents were project managers and consulting project managers, who 

were involved in an ERP or EHR system implementation project that was within six 

months of project completion. The limited time period of six months from project 

completion was chosen so that project managers would be focused on the same type of 

project success.  

This research included some of Belassi and Tukel’s (1996) contextual factors 

(organizational size and industry types). Additional factors related to the technology and 
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its disruptive effects on the organization were also included in this research, mainly 

based on findings from the research of Maylor et al. (2008) and the complexity 

framework of Vidal and Marle (2008). The CSFs used for this research were developed 

primarily using the framework created by Garcia-Sanchez and Perez-Bernal (2007).  

Survey data, consisting of rated CSFs and contextual factor information, were used to 

determine if contextual factors impacted the CSF ratings. Prior to studying the 

relationship between contextual factors and CSF ratings, response distributions were 

evaluated using histograms and QQ plots. Normality assumptions were validated prior 

to selecting the type of statistical test to use. Responses were grouped to test for 

statistically significant differences in project manager mean ratings for each CSF group, 

between various subgroupings of the studied projects, divided based on different 

contextual factor values. The divisions occurred at logical points for each contextual 

factor or at the average value for a particular contextual factor. As data were primarily 

normally distributed, t-tests were performed to identify statistically significant 

differences between the mean CSF ratings for two subgroups of implementation 

projects based on values for each contextual factor. 

The research analysis was originally planned to model the approach of Chow and Cao 

(2008). Chow and Cao studied the effect of CSFs on project success using linear 

modeling. The original analysis plan was to use the data collected from this study to 

follow a similar approach, but to study the effect of project characteristics and 
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organizational factors on CSF ratings. However, scatter plots of the data from this study 

did not reveal any linear trends between the independent (project characteristics and 

organizational factors) and the dependent variables (CSF ratings). The scatterplots of 

each independent and dependent variable are included in Appendix A. The scatterplots 

include both ERP and EHR project survey data. 

3.2 Data Collection Instruments 

To study the effect of project characteristics and organizational factors on CSFs for 

enterprise system implementation projects, a survey instrument was developed. The 

survey was administered to project managers within six months (before or after) of ERP 

or EHR project completion. The survey was administered by telephone, and close-ended 

items were used. Additional information was also obtained from the project managers 

during the interviews. In particular, project managers were asked to identify other CSFs 

that were important to a particular project implementation, but that were not included 

in the close-ended questions. Other comments provided by the participating project 

managers were helpful in clarifying the level of understanding of the project managers 

of the role of CSFs for each project. 

The survey questions were structured and developed based on previous research from 

both project management and information technology body of knowledge. The 

questions, when possible, used adaptations of items developed and included in previous 

surveys. Since this study was one of the first to explicitly test the relationship between 
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project characteristics, organizational factors, and CSFs, the number and scope of 

constructs was purposely limited. The majority of the items used to measure the 

independent variables included in the study required objective (measurable), closed-

ended responses. Close-ended questions about the project manager were also included 

on the survey. These additional items asked about the project manager’s perception of 

self and actions taken to improve project management capabilities. Numerous 

background questions were included to gather information about the project manager’s 

perceptions of complexity.  

3.3 Respondents 

Due to the nature of this survey, respondents had to have had direct experience 

managing an enterprise system implementation within a specific timeframe. The desired 

respondents were project managers from ERP and EHR system software companies or 

from consulting companies implementing the software. The targeted respondents were 

individuals with direct experience and overview of a wide range of project 

implementation details. Government contractors for EHR systems, such as project 

managers for Regional Extension Centers, were identified as appropriate respondents. 

It was determined that for ERP implementation projects, targeting the specific software 

companies and consulting firms implementing the systems would be most appropriate. 

The majority of the respondents were identified from a web-based listing of the top ERP 

software systems (http://www.top10erp.org/?gclid=CMX6kf6Oh6oCFQMPbAodxwq6xw). 

http://www.top10erp.org/?gclid=CMX6kf6Oh6oCFQMPbAodxwq6xw
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Consultants who implemented the software were identified from these top ERP 

software system websites. Additional potential respondents were identified from an 

ERP-users group who were interested in ERP project management, using a website 

called IT Toolbox (http://erp.ittoolbox.com/groups/strategy-planning/erp-projectmanagement/). 

The EHR system implementation participants for this research were identified from 

listings of government contractors, software companies, and consultants. The potential 

list of EHR software system companies mainly came from a list of software vendors 

certified as meeting HITECH requirements (http://onc-

chpl.force.com/ehrcert/EHRProductSearch). The contracted groups were Regional 

Extension Centers (REC) for HITECH, who have been contracted to oversee EHR 

implementations. The REC made up the second major percentage of respondents 

(http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_ext

ension_centers/3519). Also, many of the REC websites listed software providers and 

consultants, who were involved with EHR system implementations. This was an 

additional source of potential participants. 

The role of project managers was specifically chosen for this study. Regardless of the 

type of enterprise system implementation, project managers have similar experiences 

and generally have similar levels of responsibility. By focusing on only project managers, 

a potential confounding variable (project role of respondent) was eliminated. Each 

http://erp.ittoolbox.com/groups/strategy-planning/erp-projectmanagement/
http://onc-chpl.force.com/ehrcert/EHRProductSearch
http://onc-chpl.force.com/ehrcert/EHRProductSearch
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
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potential respondent was contacted by telephone, and a survey appointment was 

made. Appointments and data collection occurred over a two month period.  

Three general categories of respondents participated in the study: (1) project managers 

or COOs of software manufacturers, (2) consulting implementation project managers 

and (3) implementation managers or directors from RECs. These respondents are 

different from the respondents used in previous studies of CSFs in the ERP literature. 

Very few prior studies included individuals who were project managers and were 

associated with the software companies or were consultants. For this study, project 

managers were experts, with many of the project managers having more than 20 years 

of experience in the field. The project managers interviewed for this study were deeply 

involved with the enterprise system implementation projects and were able to provide 

implementation details, highlighting areas that seemed unusual, such as extremely long 

project durations. The project manager experience also gave respondents a 

knowledgeable perspective from which to evaluate CSFs, due to the significant 

experience in the field and/or experience with many different enterprise 

implementation projects. The survey interviews lasted between 15 and 60 minutes.   

The respondents for this research are representative of a larger population. For the ERP 

portion of the study, 31 different organizations were contacted. From these 31 

organizations, 12 project managers agreed to be part of the study. Eight project 

managers supplied useable responses for this study. These respondents came from six 
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different states. The 17 organizations undergoing ERP implementations included many 

industries outside of manufacturing. The number of modules implemented as part of 

the projects and the percentage of staff impacted by the implementation varied widely.  

The EHR system study contacted 52 different organizations. The high demand for EHR 

system implementations put a premium on these project managers’ time. Many project 

managers, especially at consulting firms, were not willing to participate in the survey 

due to time constraints. From the 52 contacts made, 15 project managers participated 

in the study. The 15 project manager responses resulted in 26 usable survey responses. 

The EHR system project managers were from across the country, but slightly more 

focused on the southern part of the U.S. All EHR projects were associated with 

healthcare organizations of various sizes.   

3.4 Data Collection Procedures 

An initial attempt to collect data was done using an on-line survey. A copy of this survey 

is included in Appendix B. The online survey was not successfully deployed. A telephone 

interview was chosen as an alternate data collection method. Details for these 

procedures are discussed next. 

This research used a survey study design. The research survey was made available on-

line and requests were made to various organizations and individuals to complete the 

survey. One organization had an on-line presence where the contact details for the 
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survey study were posted, while others were consulting organizations that supported 

organizations implementing ERP or EHR software programs. Respondents were people 

from contacted organizations who chose to respond. The on-line survey participation 

was voluntary. Through direct requests to organizations, such as consulting firms and 

Regional Extension Centers, responses to the online survey were obtained. However, 

the online survey identified the need for closer interaction with participants in order to 

obtain meaningful data.  

Feedback from the on-line survey respondents resulted in comments such as, “it was 

rough.” A discussion with a consultant who had taken the on-line survey indicated that 

responses were being made from the perspective of the consultant and the consultant’s 

organization rather than the organization that was undergoing implementation of an 

ERP or EHR system. Though the link to the on-line survey was sent in a newsletter from 

a healthcare informatics society and tweeted to a few thousand people, no responses to 

the online survey were obtained other than those who were directly contacted.  

Based on the potential issues identified in follow-up discussions with individuals 

completing the surveys online, it was decided that telephone interviews would be a 

preferred method for obtaining survey data. IRB approval was obtained for all data 

collection, including both the on-line survey as well as the telephone interviews. The 

approved protocol and IRB documentation for this study is included in Appendix C.  
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Following the decision to switch to telephone administration of the surveys, the survey 

questions were modified to simplify participation with minimal loss of information. 

Questions that produced similar information, such as duplicate questions regarding size 

of firm, were dropped. Switching to telephone administration of the surveys also 

reduced the study from the original plan of a two phased process consisting of an on-

line survey followed by interviews with a subset of participants to a single phase. The 

telephone administration of the survey provided an opportunity to ask clarifying 

questions in the same interview.  

For each survey, administered by telephone, an introduction was made to each 

respondent either by email or by telephone, depending on the mode of the first contact 

with the respondent. Typically, interview appointments were made by telephone with 

an estimate of the length of time required for the interview provided to the respondent. 

Interviews were estimated to take approximately 30 minutes. The data was collected in 

an Excel spreadsheet, along with the respondent contact details. The data was then 

transferred to another Excel workbook where only a random identification number was 

used. This was done to disassociate responses with a particular respondent. 

Many of the project managers answered the survey questions for multiple projects. 

However, each project was treated as a distinct case. Project managers were able to 

identify the most important or difficult part of each implementation as well as which 

level of the organization directly or indirectly created the most difficulties. For the ERP 
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projects, roughly half (8 out of 17) came from firms that did 100% postmortems at the 

end of projects. Another almost 25% (4 of 17) of the projects came from firms that 

performed postmortems 15-30% of the time, with the remainder performing few to no 

postmortems. Also, every ERP project manager, except one, thought the project would 

be successful when it was completed. The one “unsuccessful” project was being 

managed by a firm that performed 100% postmortems on projects. According to the 

project manager, the most difficult part of this particular project was changing how 

duties were performed by the staff. Middle management was the organization level that 

created the most difficulties for the project. He commented that, “It was difficult to get 

middle management together and thinking along the same lines.” While the size of the 

ERP projects clustered mainly in the small-size organizations (<100 employees), the 

organizations were from a varied group of industries. 

The EHR system project managers that provided data for multiple projects also treated 

each project as an individual case. For these projects, the request was made to the 

project managers that projects discussed, if multiple, must differ either in size or 

implementation type. The project managers were also able to remember which area of 

each project was the most difficult or which level of management created the most 

problems. These project managers did not perform postmortems overall. Comments 

from the government contracted RECs included that postmortems are planned but for 

future projects. A software project manager commented that while postmortems were 
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not done at the firm, every customer had the office phone number so that if there was a 

problem it would be identified quickly. 

3.5 Operationalized Variables for Study 

A definition was developed for each independent and dependent variable in the study. 

This was done so that results of this study could be more easily compared to previous 

research results. Previous researchers have, for example, defined CSF terms differently. 

Dependent variables were also carefully defined so that the variables were distinct. 

Figure 3.1 shows all of the independent variables, both project characteristics and 

organizational factors, included in this study. The figure also includes the chapter 

section in which each independent variable is described. The independent and 

dependent variables are described next. This is followed by a detailed description of the 

operationalization of the independent and dependent variables. 

 

Figure 3.1: Research complexity model (independent variables)  
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3.5.1 Project Characteristic– Independent Variables 

The project characteristic construct included those characteristics that exist due to the 

project being undertaken as well as characteristics of the project itself. These included 

items such as system implementation type (ERP or EHR system and initial, update or 

software change), the number of system modules implemented, the level of 

customization, the project duration, the organization disruption caused by the project, 

and project manager experience. The survey questions asked respondents to provide 

objective response values. Each variable was measured using a single item.  

3.5.1.1 System Type 

The first project characteristic included was system implementation type. Two 

characteristics defined implementation type. First, only two enterprise system projects 

were studied: ERP or EHR. Project types were also differentiated as being either a first 

implementation or a subsequent implementation. The first implementation is typically 

the most arduous for the organization. Subsequent implementations are primarily 

associated with updates, and occasionally with additional module implementation.  

Since ERP systems have been in practice longer, most of the largest manufacturing firms 

have already implemented systems. Small to medium-size organizations were the focus 

of this study. The current government motivation to have healthcare organizations 
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implement EHR systems has resulted in many ongoing implementations, also at small to 

medium-size healthcare organizations.  

3.5.1.2 Number of Modules Implemented 

The second project characteristic was the number of software modules implemented as 

part of the project. The question used to measure the number of modules is shown in 

Table 3.1.  

Respondents provided the numbers of modules installed. Software vendors have 

flexibility concerning what is contained in system modules. Different organizations may 

implement identical numbers of modules, but the implementation difficulty due to the 

software system itself may be different.  

The majority of primary healthcare practices included in this study were found to have 

implemented an integrated solution. For these implementations, the number of 

modules was set to five modules, which is the number of modules found to be typical in 

an integrated system.  
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Table 3.1: Project characteristic - independent variables and scale 

Factor Area Survey Statement Scale 

Technology 
How many modules of the ERP/EHR system were 
installed?  

Discrete variable 

Technology 
What was the duration of the enterprise system 
implementation, including package selection? 
(sales and implementation) 

Continuous variable 

Organization 
Disruption 

What percentage(level) of the organization’s 
personnel will be impacted by the 
implementation? 

Continuous for ERP 
1) Few 
2) Some 
3) Half 
4) Most 
5) All 

Organization 
Disruption 

How many different internal departments 
(functions) had their daily tasks impacted by the 
implementation process? 

Discrete variable for ERP 
Could not be answered by 
healthcare organizations 

Organization 
Disruption 

How was the system rolled out?                                        a.     b.      c.      d.      e. 
Select the response that is closest to your case. 

a. single site, slight customization, tasks aligned to software, module by module 
implementation, limited functionality 

b. multiple sites, slight customization, tasks aligned to software, module by 
module implementation, limited functionality 

c. multiple sites including international, moderate customization, local process 
reengineering, module by module implementation, limited functionality 

d. multiple sites including international, moderate customization, local process 
reengineering, module by module implementation, full functionality 

e. multiple sites including international, moderate customization, local process 
reengineering, module by module implementation, full functionality 

Project 
Manager 

How many years of project management 
experience do you have? 

Continuous variable 

Project 
Manager 

How many years of experience do you have 
managing information system implementations? 

Continuous variable 

Project 
Manager 

I believe that this project was (will be) successful. 
1) Strongly disagree 
2) Disagree 
3) Neutral 
4) Agree 
5) Strongly agree 

Project 
Manager 

My prior projects have been more than 75% 
successful, according to my management (based 
on total number of projects). 

Project 
Manager 

Post mortems have typically been completed on 
my projects. 
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3.5.1.3 Software Customization 

Research on ERP implementations has suggested that it is best to implement an ERP 

project using the least amount of customization. Lower levels of customization can 

reduce the workload (Somers & Nelson, 2004). Table 3.2 summarizes the ERP 

customization levels as defined by Brehm et al. (2001).  

This scale for the ERP customization level, defined by Brehm et al. (2001), was used for 

this research to determine the level of customization for each project studied. Values 

ranging from 1 to 5 were used. As shown in Table 3.2, customization ratings ranged 

from non/slight up to very heavy. To avoid ambiguity, it was determined that bolt-ons 

would be considered a level 3 customization, due to coordination effort requirements. 

When multiple types of customization occurred during the enterprise system 

implementation, the highest level was to be used. These customization levels did not did 

not work well for evaluating EHR system implementations. For healthcare organizations 

to achieve meaningful use, each system required an interface that was able to receive 

and send information. EHR system customization responses, therefore, did not provide 

useful information. Responses from this question on EHR system customization 

responses were not used for subsequent analysis. 
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3.5.1.4 Project Duration 

The project length was measured in months, as shown in Table 3.1. The survey asked 

respondents to specify the total implementation time, including package selection. 

Many project managers did not know the details for selection time as project managers 

only become involved after the organization is ready for implementation. The telephone 

interviews allowed the researcher to clarify the question, and two specific values were 

gathered to estimate the total project length. The first question was an estimate for the 

system selection portion of implementation, and the second question was the length of 

actual system implementation. These responses were recorded in months and half 

months. Since so many project managers did not have direct knowledge of system 

selection time, system implementation duration was used in all subsequent analysis. 

3.5.1.5 Project Induced Organization Disruption 

The fifth project characteristic was organizational disruption. The three questions used 

to measure the level of disruption are included in Table 3.1. Each of these three 

questions focused on determining the level of disruption to the organization caused by 

the implementation process. Since roughly half the projects implemented occurred at 

only one site, the third question on employee disruption was not used for subsequent 

analysis. 
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Table 3.2: ERP tailoring types and maintenance requirements (Adapted from Brehm, 
2001) 

Tailoring Type Lvl Description Effort Maintenance 
Requirement 

Configuration 
(customization 
in SAP parlance) 

1 Setting of parameters (or tables), in order to 
choose between different executions of processes 
and functions in the software package 

None/slight 

Screen masks 2 Creating of new screen masks for input and output 
(soft copy) of data 

Slight/moderate 

Bolt-ons 3 Implementation of third-party package designed to 
work with ERP system and provide industry-
specific functionality 

Depends on 
coordination between 
ERP and bolt-on vendor 

Extended 
reporting 

3 Programming of extended data output and 
reporting options 

Moderate/heavy 

Workflow 
programming 

3 Creating of non-standard workflows Moderate/heavy 

Users exits* 4 Programming of additional software code in an 
open interface 

Heavy 

ERP 
Programming 

4 Programming of additional applications, without 
changing the source code (using the computer 
language of the vendor) 

Heavy, if data from the 
ERP application are 
used 

Interface 
development 

4 Programming of interfaces to legacy systems or 
third party products 

Heavy/very heavy 

Package code 
modification 

5 Changing the source-codes ranging from small 
changes to changing whole modules 

Very heavy 

* User exits are user defined FORM routines, used to calculate or replace values within a substitution 

3.5.1.6 Project Manager’s Experience 

The sixth project characteristic included was project manager experience. The questions 

included on the survey related to project manager experience are included in Table 3.1. 

Due to the possibility that the different consulting project managers and internal project 

managers would bring different perspectives, a question was included for respondents 

to specify whether consulting manager or internal project manager was the most 

appropriate designation. Typically, an internal project manager has more internal 
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knowledge about the company, while a consulting manager would typically have more 

in-depth knowledge about the enterprise system being implemented. However, for this 

study no internal project managers were identified so this question was not used in any 

subsequent analysis. The first of the two questions asked for years of project 

management experience. The second question asked for the number of years of 

information system (or medical IT) experience. The decision was made to use the higher 

of the two numbers for analysis purposes, because the construct of interest was skill as 

a project leader. These questions provided an objective value, as a proxy for the difficult 

to measure leadership construct.  

It has been shown that experience of the project manager is important for project 

success. The particular skills needed in different project phases have been found to 

change. Communication, listening skills, trustworthiness and “team player” were found 

to be important in all project phases in previous research (Skulmoski & Hartman, 2009). 

The complexity of enterprise projects can make ERP/EHR system implementation 

projects more difficult to manage than other types of IT projects. An important factor in 

determining enterprise project success or failure is the skill of the project manager. 

Project managers must understand both the business and the technology and be able to 

work with a wide range of functional groups to successfully help the organization 

transition from existing work processes to new processes (Trepper, 1999).  
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Three additional questions also attempted to understand project success. Project 

Managers were asked to estimate success on previous projects and whether the project 

being described would be successful. A third question was included, based on findings 

reported in the literature related to project manager success and the use of post 

mortems. Anbari, Carayannis and Voetsch (2008) found that postmortem project 

reviews were critical to project success and organization competitiveness. When project 

histories were kept in a database and reviewed during subsequent projects, the 

organizations were able to better assess items such as skills needed on a project, 

customer characteristics, and phase specific needs (planning, reporting and evaluation). 

Data for these three questions were intended to be used as part of post hoc analysis, if 

confounding effects were identified. These questions are included in Table 3.1.  

3.5.2 Organizational Factors– Independent Variables 

The organizational factors included in the study measured the characteristics of the 

organization, such as organization size, number of sites, the informal power 

arrangement of the organization and industry type, to name a few. Many researchers 

have included similar questions in previous research, but often refer to these types of 

questions as organizational demographics (Palanisamy, 2007-2008). Similar to the 

questions used for project characteristics, the majority of the questions used to collect 

data on organizational factors were objective, close-ended questions. These 

organizational factor questions are shown in Table 3.3. Exceptions to the close-ended 
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questions were the set of questions developed to measure informal organizational 

power and a question on industry type.  

Table 3.3: Organizational Factor - Independent Variables and Scale 

Factor Area Survey Statement Scale 

Organization  How many people are employed in the 
organization? 

Discrete variable 

Organization 
Disruption 

How many different sites (may be a campus with 
multiple buildings on site) are undergoing 
system implementation? 

Discrete variable 

Organization  Describe the dispersion of the different sites 
undergoing system implementation in the 
company? 

1) 1 site 
2) multiple sites 

within 1 state 
3)  multiple sites in 

region 
4) multiple sites 

nationally 
5) multiple sites 

internationally 

Project Team Was the full time implementation team 
multifunctional? 

Binary response:  
0=Yes, 1=No 

Project Team How many different internal departments were 
members of the implementation team, including 
part-time and short-term members? 

Discrete variable 

3.5.2.1 Organization Size 

The question used to measure organization size is shown in Table 3.3. Size is a common 

measurement used to classify organizations, in CSF research. Complexity theory 

discusses the role that the numbers of participants can have on complexity (Vesterby, 

2008). The number of employees can be used as a surrogate measure for the number of 

participants. Francalanci (2001) showed that the number of employees using an ERP 
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system also impacts the cost of the ERP installation. For this research, the total number 

of organization employees was included as a survey item to help gauge complexity. 

Including this question also provided a basis for comparisons with previously published 

findings, since this value has been routinely captured in previous studies. 

3.5.2.2 Number of Sites Being Implemented 

The second organizational factor measured was the number of sites. The specific 

question used is included in Table 3.3. The question specifically asked for the number of 

implementation sites. The variables impacted by this question are potentially 

communication, leadership, and teams because multiple sites increase the complexity of 

system implementation.  

3.5.2.3 Organization Geographic Dispersion 

The third organizational factor was geographic variety. The question for this variable is 

included in Table 3.3. As the number of sites or the distance between sites increases, so 

does the effort involved. The organization dispersion item was developed to build on 

the work of Dayan and Di Benedetto (2010). Dayan and Di Benedetto showed that trust 

develops more easily for co-located team members. Anantatmula and Thomas (2010) 

summarized prior research on factors that influence global project performance. 

Anantatmula and Thomas also noted that even for regional sites, communication, 

cultural values, development of trust, leadership, and planning execution and control 

can influence performance of a project.  
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3.5.2.4 Computer Literacy 

The fourth organizational factor measured was computer literacy. The healthcare 

organizations mentioned computer and language literacy during discussions prior to the 

survey being administered. As a result, a computer literacy question was added to the 

survey for EHR system implementations. Computer literacy can impact implementation 

and training. The computer literacy of the personnel in each project was estimated by 

the project manager. A 1-5 scale was used, where 1=computer illiterate, 3=person can 

do the job if nothing goes wrong, and 5=computer literate. This organizational factor 

was not included for the ERP implementation projects. 

3.5.2.5 Organization Informal Power 

Informal power can impact the acceptance of new systems. This construct was designed 

to evaluate the presence and level of informal power in an organization. The presence 

of informal power should be identified prior to implementations, if possible, to allow the 

organization to garner support for changes. The items included in this construct are 

shown in Table 3.4. Research has shown that informal power can cause enterprise 

system implementation failure and can have a negative impact on firm resources. 

Informal power has not been extensively examined for ERP system implementations, 

but was been noted during public sector institution implementations (Allen et al., 2002). 

Research on EHR system implementations has also described the effects of informal 

power (Lapointe & Rivard, 2007; Ward et al., 2008). 
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Since a scale was used to measure the informal power construct, the scale’s reliability 

must be assessed. The common technique for measuring reliability or internal 

consistency for a scale is Cronbach’s Alpha. As the value of Cronbach’s alpha approaches 

1, the greater the internal consistency of the items in the construct. A value of 0.7 is 

considered acceptable and is often used as the minimum value demonstrating 

consistency (Cronbach & Shavelson, 2004). Equation 6 specifies the formula used to 

assess the reliability of the informal power scale. 

α = r n / [1 + (n-1) r]  where  α = Cronbach’s alpha coefficient              EQ6 

n = number of items considered 

      r = mean of the inter-item correlations 

3.5.2.6 Departments on the Implementation Team 

The sixth organizational factor variable included was project team composition. The 

questions associated with this variable are included in Table 3.3. Since the organizations 

included in this research were small or medium-size organizations, the project 

managers, even if they were consultants, were able to identify project team 

constituents and respective departments. These two questions provided differentiation 

between multifunctional teams and teams with representation from different 

departments.  
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Table 3.4: Organizational Informal Power Survey Items 
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At least one of the departments impacted by the 
enterprise system implementation was semi-
autonomous from the rest of the organization. 

a b c d e f g 

At least one of the departments undergoing 
implementation has previously been able to make 
their own decisions regarding information 
technology system purchases.  

a b c d e f g 

At least one of the departments undergoing 
system implementation has previously controlled 
their data, and now will not be the direct owner of 
the data. 

a b c d e f g 

There are members of the organization that are 
not direct employees, but rather affiliates, as done 
in some hospitals with physicians, staff in some 
universities and a certified group of professionals 
as an affiliate to an organization. 

a b c d e f g 

3.5.2.7 Industry 

Following the lead of researchers such as Bellasi and Tukel (1996) and Somers and 

Nelson (2004), a question on industry type was included. A list of possible industries are 

shown in Table 3.5. During the interviews, respondents were not required to use only 

this list. Other industry identifiers were used for some respondents. The dependent 

variables (CSFs) for this research will be discussed next. 
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Table 3.5: Organization Industry Independent Variable 

Aerospace Consumer 
packaged goods 

Government Medical Service 
Companies 

Agricultural Consumer 
services 

High tech, electronics 
and electrical 
components 

Teaching Hospitals 

Apparel and fashion Construction Materials For profit hospitals 
Building Products Defense Retail Non-profit hospitals 
Chemical products Engineering Utilities and energy Physician offices 

3.5.3 Project CSFs – Dependent Variables 

This section is organized based on the prior research where each CSF was identified. The 

second section discusses the operational definition for each CSF. Citations to previous 

research are included, when applicable. 

3.5.3.1 Critical Success Factor Selection 

The CSFs chosen for inclusion in this research were mainly based on the research of 

Finney and Corbett (2007), Somers and Nelson (2004), and Garcia-Sanchez and Perez-

Bernal (2007). The CSFs included in this study are summarized in Table 3.6. Most of the 

ERP projects studied used these CSFs. Three CSFs used for this study have not been 

included in prior studies of ERP projects, but have been mentioned in a small number of 

studies. The super user CSF was mentioned by Al-Mashari, et al. (2003), and the value of 

super users and early-adopters has also been noted in previous studies of medical 

software implementations (Robinson, 2009). Empty cells in Table 3.6 identify CSFs 

where researchers did not have comparable CSFs. CSFs listed in italics in Table 3.6 are 

CSFs that are similar to CSFs included in this research.  
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Table 3.6: Comparison of Researcher’s Dependent Variables 

CSFs for this research Finney & Corbett (2007) Somers & Nelson (2004) Garcia-Sanchez (2007) 
Top Management 
Support 

Top Management 
Commitment & Support 

Top Management Support Top Management Support 

Change Management of 
Personnel (Transition 
Management) 

Change management Change management 
program & culture 

Change management plan 

Business Process 
Reengineering (BPR) 

BPR & Software 
configuration 

BPR/BPC Business Process 
Reengineering 

Communication Communication Plan Effective Communication / 
Interdepartmental 

Communication 

Training/User Support Training & job redesign User training & 
education/training 
employees 

Training and support for 
users 

End User Involvement Client Consultation  End User Involvement 

Project Team 
Composition 

Project Team: the best & 
brightest 

 Teamwork composition for 
the ERP project 

Project Team 
Competence & 
Coordination 

Balanced Team Project Team competence  

Clear & Measurable 
Project Objectives 

Project Cost Planning & 
management 

Steering committee  

Business Plan/Vision Visioning & planning  Vision statement & 
adequate business plan 

Project Champion Project Champion Project Champion Project Champion 

IS Selection Selection of ERP ERP SW Package Selection ERP System Selection 

Project Management Project Management Project 
Management/Effectiveness 

Project Management 

External Consultants Consultant Selection & 
Relationship 

Use of Consultants Having External Consultants 

Problem Resolution 
Process 

Troubleshooting/Crisis 
Management 

Interdepartmental 
Cooperation 

To Facilitate Changes in the 
Organizational Structure 

Technological Change 
Management (Change 
management) 

Vanilla ERP Minimal Customization  

Early Adopter Super-
Users 

   

3.5.3.2 Critical Success Factor Definitions 

The operational definitions created for this study are included in Table 3.7. Researchers 

with similar definitions are referenced. Analysis details are described next. 
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Table 3.7: CSFs operational definitions 

Current Research CSFs Operationalized Definition 

Top Management 
Support 

Top Management provides resources and communicates the project priority and strategy to all 
employees; it understands the project risks (Somers & Nelson, 2001). 

Transition Management 
(Change Management 
of Personnel) 

Through communication, training and negotiation the organization creates a project shared 
vision with values and goals to promote project success (Nah & Delgado, 2006).  

Business Process 
Reengineering (BPR) 

Business processes are aligned with the new enterprise system to increase the efficiency of the 
organization’s processes (Somers & Nelson, 2001 

Communication Early and continual communication of system capabilities including software demonstrations, 
expectations, timelines, and organization goals (Nah & Delgado, 2006).  

Training/User Support All employees have access to training and on-going support through super-users. 

End User Involvement End users from impacted functions are active participants throughout the project, to ensure 
software is appropriate. 

Project Team 
Composition 

Team participants include affected functional areas. Cooperation between departments is 
developed through a shared mental model (Nah & Delgado, 2006).  

Project Team 
Competence & 
Coordination 

Competent people who freely share information with the team, fostering creativity and 
innovation (Nah & Delgado, 2006). 

Clear & Measurable 
Project Objectives 

A common understanding of the system objectives shared by all parties. Performance objectives 
are designed to encourage desired behavior (Umble et al., 2003). 

Business Plan/Vision Clear and compelling vision including clear measurable goals and objectives linked to business 
goals and IT strategy, covering 3-5 years (Umble et al., 2003; Finney & Corbett, 2007). 

Project Champion Executive level official who reduces resistance and facilitates goal setting, advocates change, 
understands the business, organizational and technical perspectives (Nah & Delgado, 2006; 
Somers & Nelson, 2001). 

IS Selection Selection of IT system involving all functional groups; capabilities tested for fit with minimum 
customization using test scenarios. 

Project Management Position that requires technical, programmatic and soft skills in order to complete the project 
successfully.) 

External Consultants Personnel brought in due to specific enterprise system knowledge, who do not have direct 
control of the project (Somers & Nelson, 2001).  

Problem Resolution 
Process 

Open, collaborative problem resolution process between functional groups for process and 
procedural issues, done in a timely manner. 

Change Management 
(Technological) 

Measurement of how well the project team and manager keep current of changes requested 
and provide feedback to the different departments. 

Early Adopter/Super-
users 

Department users who get involved early and stay after the implementation to advise personnel 
and promote usage, diffusing knowledge. 
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3.6 Analysis Details 

The dependent variables were rated by respondents using a 7-point Likert. The value 1 

represented a CSF that was not important to the success of the implementation process, 

and the value 7 represented a CSF that was extremely important (i.e., critical) for the 

success of the implementation project. A value of 4 was used to represent a CSF that 

was neither important nor unimportant. An average CSF rating was calculated using the 

individual project manager ratings. 

The average CSF scores were used for all subsequent analyses. Prior to studying the 

relationship between contextual factors and CSF ratings, the CSF response distribution 

was evaluated using histograms and QQ plots. Following the determination of normality, 

the relation between CSFs and contextual factors was tested. Based on the project 

manager’s responses to the contextual questions, responses were grouped to test for 

statistically significant differences in project manager mean ratings for each CSF group. 

The groupings of projects occurred based on logical transition points for the contextual 

factor or based on the average value of the contextual factor for the entire sample. T-

tests were performed to identify statistically significant differences in the mean values 

of CSF ratings between the groupings of implementation projects using each contextual 

factor. A student’s t test was also used to determine if there was a difference between 

the average CSF ratings between the two types of enterprise system projects included in 

the study (ERP and EHR). The effect of contextual factors on each average CSF rating for 
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each implementation type was also compared to determine if contextual factors had a 

similar or different impact on CSF ratings for ERP and EHR system implementation 

projects. 

Three of the CSFs included in this study (Problem Resolution Process, Early 

Adopter/Super-user and Change Management (technical)) have not been well-studied 

by previous researchers. As a result, an additional set of statistical analysis was 

completed to determine how important these three CSFs were in comparison to a 

definition of “critical”. A one-sided t-test was performed to determine if these three 

CSFs were “critical”. The mean ratings for these three CSFs were compared against a 

value of 3 (from a 5-point), chosen as the definition of “critical” consistent with prior 

research (Garcia-Sanchez & Perez-Bernal, 2007). The Garcia-Sanchez and Perez-Bernal 

value of 3 on a 5-point scale was determined to be equivalent to 5.5 on this research’s 

7-point scale. A one-sided student-t test was performed on the scores for the new 

factors to determine if they were statistically larger than 5.5.  

3.6.1 Comparison of CSFs with Prior Research 

A comparative analysis of CSF ratings was also performed using CSF ranking values 

published in previous studies. The rankings from previous studies were based on only 

ERP projects. A ranked list of EHR system CSFs was not found in the literature. Each CSF 

was rated by respondents on a 7-point Likert scale. An average rating was determined 

for each CSF. The rating of individual CSFs were then compared with prior research 
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studies with published CSF rating values. Second, the average value for each CSF was 

used to create a ranked list of CSFs. The overall ranking of each CSF was then compared 

to rankings developed by previous researchers to determine if the ranks of CSFs 

obtained for this study differed from rankings documented in the literature. 

3.6.2 Bonferonni Approximation  

Students t-tests are used to test for rare events. This study used t-tests to test each CSF 

based on groupings by contextual factor. There were 17 CSFs tested using eleven 

contextual factor groupings, in the family of tests. The ρ-value used to identify a 

significant difference was 0.05. With the large number of comparisons, a correction 

term should be applied to minimize the likelihood of identifying only spurious, 

significant relationships. A Bonferroni correction was applied to reduce the likelihood of 

Type 1 errors. The value associated with ρ for a single test determination of significance 

does not work with a family of tests. A correction was used to determine the desired 

probability of a Type 1 error for an individual test when the family of tests have a 

probability of 0.05. The individual test significance level was 0.0045. Unfortunately, the 

use of this correction also reduces the detection of real ‘rare’ events (Abdi, 2007).  
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4 Manuscript 1 

ERP CSF Comparisons 

Abstract 

A study was undertaken to determine if contextual factors impact Critical Success 

Factors (CSFs) for Enterprise Resource Planning (ERP) implementations. Electronic 

Health Records (EHR) systems were chosen as the comparison system type, to 

determine if the CSFs for different enterprise information system (EIS) implementation 

projects are the same. Contextual factors (project characteristics and organizational 

factors) may explain why different researchers have identified different CSF rankings for 

ERP projects. Data from 17 ERP projects compared against prior research showed 

changes in CSF ranking. CSF rating differences were found between different types of EIS  

Keywords:  Critical success factors; Enterprise information system; EHR systems; ERP, Contextual factors, 
Organizational factors, Project characteristics  

4.1 Introduction 

Since the 1990s, Enterprise Information Systems (EIS) software has been implemented 

to improve the organization’s process efficiency, competitive performance and/or 

responsiveness to customers and suppliers (Aloini, Dulmin & Mininno, 2007; Botta-

Genoulaz, Millet & Grabot, 2005; Ehie & Madsen, 2005). EIS software includes 

Enterprise Resource Planning (ERP), Customer Relationship Management (CRM) and 
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Business Intelligence/Data Warehousing (BI/DW). A newer EIS, Electronic Heath Records 

(EHR), is focused on healthcare organizations. The most common EIS is ERP. 

ERP systems have been widely used since the 1990s. For organizations implementing 

ERP, recommendations regarding where organization resources should be focused to 

improve the likelihood of successful system implementation have not always been 

specific to an organization or to the type of implementation project. Critical Success 

Factors (CSFs) have acted as this focus areas. CSFs are those things that must be done 

correctly for project success, but that are not sufficient. While previous research has 

studied and identified a number of CSFs that are important to ERP project 

implementation success, there has been little analysis of the impact of project 

characteristics or organizational factors on the importance of CSFs for ERP projects. In 

addition, most of the research specific to ERP implementation projects has been 

conducted in large organizations. Since 2002 however, ERP implementations in small 

and medium-size firms has been rising (Pairat & Jungthirapanich, 2005), but few studies 

have been published specifically focusing on the challenges of ERP implementation 

projects in smaller organizations. Also, comparison of CSFs between different types of 

EIS implementation projects has been almost nonexistent (MacKinnen & Wasserman, 

2009). 

This study was designed to address these gaps in the literature. The first research 

question investigated in this study was: Do contextual factors affect the importance of 
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CSFs on ERP project implementations in small to medium-size organizations? In addition 

to capturing CSFs as well as contextual factors, this study specifically targeted smaller 

organizations in an effort to develop a deeper understanding of the role of CSFs for ERP 

projects carried out in this important sector of the industry. The second research 

question was: Is there a significant difference between CSF’s for different types of EIS 

implementation projects? This study compared the CSFs for ERP and EHR system 

implementations. Ultimately the application of the findings from this study should 

provide guidance to project managers in small or medium-size organizations about 

where to apply scarce resources for specific types of ERP and EHR system 

implementation projects. 

This study was based on data obtained from 17 ERP and 26 EHR system implementation 

projects that were within six months of completion (Van Scoter, 2011). Data was 

obtained using a survey developed specifically for this study. Survey questions were 

based on previous research studies. The survey included questions related to 17 

different CSFs, which were identified as a result of a thorough review of published, 

empirical research studies. Data related to the contextual factors included in this study 

were collected using the same survey instrument.  

The contextual factor survey questions were developed based on the work of Maylor, 

Vigden and Carver (2008) and Vidal and Marle (2008). Two types of contextual factors 

were included in this study: project characteristics and organizational factors. An 
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example of a project characteristic is the number of modules implemented during an EIS 

project. Organizational factors similarly describe relevant features of the organization, 

such as the number of internal departments on the EIS implementation team. A 

summary of the relevant literature on EIS projects and on the research variables (CSFs 

and contextual factors is provided next.  

4.2 Background 

ERP is a software product that provides organizational leaders with a single platform for 

integrating and coordinating key organizational data to improve operational efficiency. 

In many industrial sectors, ERP systems do not provide competitive differentiation but 

have instead become the operational norm (Law & Ngai, 2007). As a result, many 

managers consider ERP systems a marketplace requirement for doing business (Finney 

& Corbett, 2007). ERP systems have expanded to include all core functions of an 

organization and are often tailored to specific industries (Sage Software). 

An early requirement for every EIS implementation is to define the current processes in 

the organization, looking for redundancies and workarounds to eliminate (Nowinski, et 

al., 2007). This requirement is relevant, regardless of the type of EIS (ERP, CRM, BI/DW, 

or EHR) system being considered. Implementation failures are most common when the 

needs of the organization and the chosen EIS software capabilities are mismatched 

(Umble, Haft & Umble, 2003). Previous research contends that software customization 

should be minimized, and the organization’s processes should be updated to match 
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those of the software system to ensure success in implementation (Somers & Nelson, 

2004). Minimal customization can also result in increased process efficiency, as well as 

lower costs. Changes to existing processes present a challenge to organizations. The 

need for organizational personnel to accept these changes and the challenges of change 

management (transition management) have been widely discussed in the literature 

(Somers & Nelson, 2004). EIS implementations have been shown to be impacted by 

contextual factors, and previous researchers have hypothesized that contextual factors 

must be taken into account to ensure a successful implementation (Kreps & Richardson, 

2007; Scott & Vessey, 2002). 

The impact of an EIS implementation on an organization is anecdotally dependent on a 

variety of factors, such as the choice of EIS modules implemented, the project 

deployment mechanisms, and the level of EIS software customization taken on by an 

organization. Implementation is perceived to be easier if EIS modules are deployed in a 

single organizational site one at a time and if problems are resolved prior to 

implementing additional EIS modules. Since employees from multiple functions in an 

organization will often interact with EIS software, multiple functions are typically 

impacted by an EIS implementation. However, the specific work activities impacted by 

an EIS implementation vary based on the EIS system, the modules implemented, as well 

as the structure of the organization. EIS implementations also frequently require 

individuals in departments to change the way tasks are performed to increase process 
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efficiency or to minimize the amount of software customization needed. These and 

other contextual factors potentially impact the importance of CSFs for a particular EIS 

implementation project. In order for project managers to successfully lead new EIS 

implementation projects, the relationship between contextual factors and CSFs must be 

better understood. Previous research findings related to contextual factors are 

discussed next. This is followed by a discussion of the relevant literature on CSFs for EIS 

projects.  

4.2.1 Contextual Factors 

Contextual factors include project characteristics and organizational factors. Both 

project characteristics and organizational factors can impact the outcome of an EIS 

implementation project. Project characteristics such as implementation strategy have 

been documented in projects (Ehie & Madsen, 2005); however, the impact of project 

characteristics on CSFs has not been considered nor has the impact of other project 

characteristics. Organizational factors such as cultural issues and number of employees 

have been considered in previous research (Garcia-Sanchez & Perez-Bernal, 2007; Ngai, 

Law & Wat, 2008; Scott & Vessey, 2002), but the impact between these factors and CSFs 

is not well-documented. According to Shenhar, Dvir and Maltz (2001), project 

complexity created as a result of project characteristics and organizational contextual 

factors had not been considered in the project management process or the 

identification of project CSFs. It was noted by Baccarini (1996) that project complexity is 
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a critical characteristic of projects, and that critical characteristics determine the actions 

needed to successfully manage a project. 

ERP projects have been undertaken in many different types of organizations and 

industrial sectors. While the overall goals for ERP projects are often common (improving 

operational efficiencies), the specifics of the ERP system as well as the mechanism for 

project deployment are unique. Even within a single organization, the implementation 

of an ERP system is not necessarily identical from one site to the next. Larger differences 

also exist in the project management approach used from one organization to the next 

due to differences in project characteristics (e.g., number and choice of modules), as 

well as differences in organizational characteristics (e.g., number of locations or sites in 

an organization). 

Project characteristics incorporate both the technical aspects of the ERP system and the 

level of organizational disruption resulting from the implementation project. On the 

other hand, organizational factors are derived from the organization and the 

environment in which the project is undertaken. The relationship between contextual 

factors, both project characteristics and organizational factors, and CSFs has been 

discussed by some researchers. CSFs were found to vary by industry as well as by 

management level and role (Rockart, 1979; Bullen & Rockart, 1981). CIOs, CEOs, 

engineering managers, and quality managers, for example, might each identify a 

different set of CSFs (Rockart, 1979). Prior research also suggests that contextual factors 
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have not been fully considered in the identification of CSFs (Shenhar et al., 2001). 

Studies of ERP projects that explicitly incorporate contextual factors are not common. 

CSFs and relevant literature are discussed next. 

4.2.2 Critical Success Factors (CSFs) 

Key success factors or CSFs were first identified by Daniel (1961). The use of CSFs was 

further studied by Rockart (1979) and Bullen and Rockart (1981). These early research 

studies determined that CSFs are relevant for a snapshot in time. When temporal 

factors change, CSFs may also change. Further, Pinto and Prescott (1987) found that 

different project phases have different CSFs. Researchers have also identified different 

CSFs for different types of projects, such as an ERP implementation project versus a 

construction project (Dvir, Lipovetsky, Shenhar & Tishler, 1998). 

CSFs have been identified for projects in a wide range of industrial sectors, including 

construction, engineering, government, information technology and utilities (Carden & 

Egan, 2008). Research related to identifying CSFs has been ongoing in hopes of 

identifying a small number of factors that project managers can focus on to ensure the 

success of the implementation. If CSFs could be identified at the beginning of a project, 

organization leaders and project managers would be able to allocate scarce 

organizational resources in the best way possible to achieve project success.  
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4.2.3 Prior CSF Research Results 

Though research has found that many factors impact CSFs, previous ERP CSF studies 

have not generally controlled for these factors (Holland & Light, 1999; Nah & Delgado, 

2006; Nah, Zuckweiler & Lau, 2003; Somers & Nelson, 2004; Zhang, Lee, Zhang & 

Banerjee, 2003). Short lists of CSFs have been created by researchers, as a result of 

empirical studies of ERP implementation projects. While the details of previous research 

vary, some common methodological attributes have been identified. First, many of 

these previously published studies are based on a relatively small number of responses. 

Most of the studies are based on fewer than 60 responses. In nearly all cases, surveys 

are used as the primary mechanism for data collection. Within a given study, in most 

cases, the survey respondent’s position in the organization and the time elapsed 

between project completion and data collection is variable. In addition, previous studies 

often incorporate data from a variety of industrial sectors.  

The methods for determining CSF ratings have also varied from one study to the next. 

For example, in Nah and Delgado (2006) and Somers and Nelson (2004), CSFs were 

determined for each of four or six project stages, respectively. The overall rating scores 

reported by Nah and Delgado were the averages of these values. Somers and Nelson, on 

the other hand, rated CSFs based on the percentage of respondents who considered a 

particular CSF important, within each project stage. In a third approach, Nah et al. 

(2003) and Garcia-Sanchez and Perez-Bernal (2007) used survey item ratings from Likert 
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scales to rank CSFs. These studies also differed in that the ratings were done at different 

points during the project. Nah et al.’s (2003) survey data was collected during the early 

stages of ERP implementation, while Garcia-Sanchez and Perez-Bernal collected data for 

completed or nearly completed projects.  

Table 4.1 summarizes some of the methodological details from significant and more 

recent studies of CSFs for ERP implementation projects. Some of these methodological 

attributes (organizational role of respondent, elapsed time from project completion to 

data collection, and industrial sector) have the potential to impact the CSFs identified 

within a study (Van Scoter & Doolen, 2010). The numerical ratings of the CSFs resulting 

from the four most recent of these previous studies are discussed next. 

An average rating for each CSF in the four most recent studies was calculated and 

normalized to a 5-point scale. A value of 5 represents a CSF that is extremely important, 

and a value of 1 represents a CSF that is not important. Table 4.2 summarizes the 

normalized CSF ratings from four previous studies. CSFs are listed in descending order of 

importance based on the normalized ratings from Garcia-Sanchez and Perez-Bernal 

(2007). Table 4.2 highlights both the variation in importance and inclusion of CSFs in the 

literature. As illustrated in Table 4.2, previous research studies have identified different 

rating values for similar CSFs. 
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Table 4.1: Summary of methodological attributes for CSF studies of ERP implementation 
projects (1999 – 2007) (Van Scoter, 2011) 

Researchers  
(year) Method Organizational 

Characteristics Respondents and Timeline 

Holland and 
Light (1999) 

Series of eight case 
studies. Data analyzed 
within cases and across 
cases 

Range of 
industries. 

Key company business and IT personnel. 
Interviews held every six months from start 
to testing of the system at the 
organizations. 

Akkermans 
and van 
Heldon 
(2002) 

Theory building case 
study, including active 
involvement for three 
months as a consultant. 

One mid-size 
manufacturing 
firm. 

Data collected during implementation and 
following implementation for two years. 

Zhang, et al. 
(2003) 

Survey with 47 usable 
responses. Used two 
surrogate measures for 
ERP implementation 
success. 5-point scale 
survey. 

Firms from three 
areas of China. 

One survey sent to firms which had 
implemented MRP, MRP II and ERP systems 
within the last two years. Respondents 
were from a variety of departments and in 
various roles.  No summary details on 
respondents were provided. 

Nah et al. 
(2003) 

Survey questionnaire; 
54 usable responses. 5-
point scale survey. 

Fortune 1000 
firms. 

Surveys sent to CIO’s. No information 
regarding data collection versus time of ERP 
implementation provided. Study focused on 
factors critical in early phases of 
implementation.  

Somers and 
Nelson 
(2004) 

One-page questionnaire 
mailed to participants 
asked them to indicate 
the importance of 22 
different CSFs by project 
phase. 133 total usable 
responses.5-point scale 
survey. 

Fortune 500 firms. 
200 firms selected 
as a random 
sample of 
organizations. 

Questionnaires sent to CIOs. Four time 
frames around implementation were 
noted: early to mid-implementation, late 
implementation (near completion), 
completed within last year, completed over 
one year prior to data collection. 

Nah and 
Delgado 
(2006) 

Multiple case studies. 
Two sets of interview 
questions related to 
first implementation 
and to upgrade using 4-
point scale. 

Study of software 
upgrades in two 
organizations; one 
single site (Power 
Co.) and one multi-
site (University). 

University interviewees: CIO, Director of 
Admin Services and five ERP module 
owners. Power Co: CIO, ERP upgrade PM 
and five ERP module owners. 

Garcia-
Sanchez and 
Perez-Bernal 
(2007) 

Survey administered to 
48 managers, 90% by 
mail and 10% in person. 
Survey used 5-point 
scale. 

Medium to large 
Latin American 
enterprises, 69% 
medium and 31% 
large. 

Survey administered to managers who had 
completed or were just completing an ERP 
implementation. Participants were~50% 
managers, ~40% IT professionals, and 
twelve individuals from unknown positions. 

  



164 
 
Table 4.2: Comparison of CSFs and CSFs ratings from previous studies 
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CSFs   Imp# Up#        
Top Management Support 4.8 4.9 4.3 4.0 4.9 √ √ √ √ 4.6 1 
Project Management 4.6 4.2 4.1 4.0 4.5 √ √ √ √ 4.3 3 
Teamwork Composition for 
ERP Project (including skills) 4.7 3.8 4.4 4.4 4.5 √ √ √ √ 4.3 3 

Communication 4.4 5.0 4.2 4.1 4.4 √ √ √ √ 4.4 2 
Business Process 
Reengineering 4.2 4.2   4.3 √ √ x √ 4.2 7 

ERP System Selection  2.8 3.9 3.8 4.2  √ √ √ 3.7 13 
External Consultants  4.0   4.2  √  √ 4.1 9 
Project Champion  4.7 4.1   4.1 √ √ x √ 4.3 3 
User Training &Support  4.6   4.1 x √ x √ 4.3 3 
End-user Involvement     3.9 x  x √ 3.9 10 
Change Management 4.5 4.7 4.1 4.0 3.6 √ √ √ √ 4.2 7 
Tests and Problem Solutions 4.2    3.6 √   √ 3.9 10 
Change Facilitator for 
Organization     3.4 x  x √ 3.4 14 

Vision Statement / Business 
Plan 4.3 4.3 3.9 3.6 3.3 √ √ √ √ 3.9 10 

# Imp: first implementation Up: upgrade of software 
√ primary variable  
x secondary variable  

Some additional datails on previous CSF studies are also captured in Table 4.2. CSFs 

were identified as either primary or secondary CSFs. Secondary CSFs did not receive 

individual ratings but were defined as part of a primary CSF variable. Third, average 

score (rating) and rank is also shown in Table 4.2. The rank was calculated based on the 

average rating based on the normalized rating from these four studies for each CSF. The 

larger the rating associated with the CSF, the lower the rank value, corresponding to a 

more important CSF. The names used for the CSFs included in Table 4.2 were based on 

the names used by Garcia-Sanchez and Perez-Bernal (2007). 
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In reviewing the details of Table 4.2, some additional points are notable. First, Nah and 

Delgado (2006) studied fewer CSFs than Garcia-Sanchez and Perez-Bernal (2007). 

Differing definitions of CSFs appear to account for some of the differences that exist in 

the lists of CSFs used for a particular study. Nah and Delgado, for example, included 

shared culture and shared values to facilitate change, user education and training on the 

new system, user involvement and feedback on the design of the system, and business 

process reengineering as part of a CSF entitled “change management;” whereas, Garcia-

Sanchez and Perez-Bernal identified each of these items as distinct CSFs. Similarly, Nah 

and Delgado included vendors and external consultants as part of the team in the ERP 

team composition, skills, and compensation CSF. The last CSF not studied by Nah and 

Delgado was Project Champion. The concept of a Project Champion was integrated into 

the Top Management Support and Championship CSF. An earlier study by Nah et al. 

(2003) also combined what appeared as multiple CSFs in other studies into a single CSF 

entitled “change management.” These examples highlight differences in both how CSFs 

were structured and defined and illustrate some of the inconsistencies existing in the 

literature.  

Other researchers have used CSF information from published studies to create 

prioritized lists of CSFs. The priority of any one CSF is determined by placing CSFs in 

descending order based on the number of times a particular CSF was included in 

published research studies. The more studies in which a particular CSF is listed, the 
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more important that CSF is rated in the meta-analysis. Every study provides a maximum 

count of one for the inclusion of a CSF. This approach was taken by Finney and Corbett 

(2007), who used 45 previously published research studies to develop a prioritized list of 

ERP CSFs. This particular approach fails to take into account that a definition for a 

particular CSF is not necessarily consistent from one study to another.   

Table 4.3 compares the ranking of CSFs taken from the meta-analysis completed by 

Finney and Corbett (2007) with a ranking value calculated by averaging the normalized 

5-point scale values for the four studies summarized in Table 4.2. Duplicate numbers in 

the rankings are due to ties in either the frequency in which a particular CSF was 

identified by Finney and Corbett or in the CSF rankings. The Finney and Corbett values 

are also confounded due to some duplication of data. Some of the studies included in 

the frequency calculations included the same dataset, as previously identified lists of 

CSFs were used by some researchers rather than developing original lists of ERP CSFs. 

This analysis further demonstrates the variability in CSF ratings and rankings in the 

existing literature. 
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Table 4.3: Ranking comparison of CSFs based on four recent studies and Finney and 
Corbett (2007) 

CSF category 
Rank based on Average 5-

point Value Calculated 
from Four Recent Studies 

Rank based on Finney 
and Corbett 

(2007) 

Delta between 
Rankings 

Top Management Support 1 1 0 

Effective Communication 2 10 -8 

Project Management/Effectiveness 3 16 -13 

Project Champion 3 10 -7 

Project Team Composition 3 5 -2 

User Training 3 3 0 

BPR/BPC 7 3 4 

Change Management 7 1 6 

Use of Consultants 9 7 2 

User Involvement 10 23 -13 

Business Plan & Vision 10 8 2 

Package Selection 13 13 0 

Over the last twenty years that ERP systems have been in use, changes have also 

occurred that potentially reduce the relevance of some of the CSFs identified in earlier 

studies. Employee attitudes towards technology during early ERP implementations, for 

example, were very different than employee attitudes towards technology are today. 

For example, in 1990 less than 20% of households had computers, compared with 

almost 100% today (U.S. Census Bureau, 2009; The Economist, 2009). As a result, the 

average ERP user is much more familiar with computers, and computers are seen as less 

threatening by most individuals in the U.S. In this same timeframe, according to an ERP 

software system project manager, user interfaces have also improved, mirroring some 

design features of common office software. ERP software itself has also advanced, and 

ERP modules now reflect a much broader spectrum of processes, including emerging 

areas such as e-business and customer portals. Even with these significant changes, 
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recently published studies on ERP CSFs are often still compared against some of the 

initial lists of CSFs identified from early ERP system implementation projects. 

Based on the review of the literature, four important limitations were identified and 

were used to motivate the design and structure of this study. First, most previous ERP 

CSF research has been conducted in large organizations. Second, previous research 

results, while identifying a wide range of CSFs, have not led to consistent rankings or 

lists of CSFs that can be readily used by project managers. This may be due to 

differences in CSF definitions, variation in the organizational level of the respondent 

used to provide CSF data, and/or differences in the organizational or project-level 

characteristics that have not been systematically studied. Third, CSFs lists have not 

necessarily been adapted to reflect changes resulting from higher levels of technical 

know-how and evolving ERP systems. Lastly, CSFs have been studied primarily for ERP 

projects making it difficult to extrapolate the findings to other types of EIS projects.  

The next section describes how this study was conducted, including the research 

frameworks, the operationalized CSFs and definitions, and a summary of the contextual 

factors included in the study. Details on the research instrument and details on the 

survey respondents are also provided. 
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4.3 Methodology 

4.3.1 Research Framework 

This research focused first on determining if project characteristics and organizational 

factors associated with a particular ERP implementation project impacted ratings of 

CSFs. Contextual factors have been discussed in the literature as possible explanatory 

variables for observed differences in rated CSFs identified by previous researchers. 

However, there has been very little research to examine the impact of contextual 

factors stemming from differences in the project and in the organization on CSF ratings. 

If CSFs do vary based on contextual factors, this information could be very valuable to 

project managers and could potentially help project managers determine where to 

apply resources to increase the likelihood of ERP implementation project success. The 

second half of this study was focused on determining whether or not CSFs are the same 

or different based on the type of EIS project. In this study two EIS project types were 

compared: ERP and EHR.  

A survey was created to collect the data to answer these research questions. The survey 

included questions related to CSFs, project characteristics, and organizational factors. 

The survey was administered to project managers of both ERP and EHR implementation 

projects. In particular, data on 17 CSFs and eight different contextual factors were 

collected. The first research question focused on the effect of contextual factors on ERP 

CSFs as summarized in Figure 4.1. The second research question resulted in a 
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comparison of the CSFs for two types of EIS implementation projects: ERP and EHR, as 

shown in Figure 4.2. 

 

Figure 4.1: Research framework for first research study question 

 

Figure 4.2: Research framework for second research study question 

Contextual factors resulting from both project characteristics and organizational factors 

were included in the study. The project characteristics included the ERP implementation 
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type - first-time, initial implementations, upgrades, and ERP conversions (from one ERP 

system vendor to another vendor), the number of ERP modules implemented, and the 

percentage of employees disrupted by the implementation. Project manager experience 

was also included in the study as a project-level characteristic. The number of years of 

experience as a project manager and the number of years of experience with enterprise 

systems were both collected as measures of project manager experience. The larger of 

these two values was used in all analyses. The organizational factors identified for this 

study included the industrial sector of the organization and the size of the organization, 

as measured by the number of employees, the number of sites undergoing 

implementation, and the number of departments on the implementation team. 

Survey items were created to evaluate the eight contextual factors. The starting point 

for the contextual factors included in this research were organizational demographic 

factors included in prior research (Palanisamy, 2007), such as number of people in the 

organization and industry type. This research went further, however, by asking for the 

number of departments involved in the implementation and the percentage of the 

workforce impacted by the implementation. The contextual questions included in the 

survey are summarized in Table 4.4. The first question asked of all study participants 

was used to determine the type of EIS being implemented, either ERP or EHR, and if the 

project was within six months of completion. 
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Table 4.4: EIS Research questions and measurement detail (Van Scoter, 2011) 

 Variable Name Question Measurement Scale 
Pr

oj
ec

t c
ha

ra
ct

er
ist

ic
s 

Implementation type Was this an upgrade or a first time 
implementation? 

Upgrade, conversion  in 
software or first 

# modules implemented 
How many modules of the ERP/EHR system 
were installed? 

# modules 

Duration of Implementation 
What was the duration of the enterprise 
system implementation?  

# months 

Level of Disruption 
What percentage(level) of the 
organization’s personnel will be impacted 
by the implementation? 

Percentage 

Project Manager Experience How many years of project management 
experience do you have? 

# years 
 

How many years of experience do you have 
managing information system 
implementations? 

O
rg

an
iza

tio
na

l F
ac

to
rs

 Industry Sector What is the organization’s industry sector Variable 

# Employees How many people are employed in the 
organization? 

Number 

# sites in implementation How many different sites (may be a campus 
with multiple buildings on site) are 
undergoing system implementation? 

1-3, 1= single site, 2= 2-5 
sites, 3=6-10 sites 

Geographic dispersion Describe the dispersion of the different 
sites undergoing system implementation in 
the company? 

1-2, 1= single site, 2= 
multiple in same state 

4.3.1.1 Project Characteristics 

The first project characteristic question was used to determine the implementation 

type, i.e. first, upgrade or conversion. Initial enterprise system implementations are 

difficult due to changes the organization must undergo. Even if software is customized, 

upgrades are thought to be less difficult because the organization does not have to 

undergo as much change management and business process reengineering typically part 

of first implementations. Project duration was the second project characteristic 

identified. Some projects managers interviewed for this study noted extenuating 
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circumstances, which led to increased project duration. For these projects, the project 

managers offered details about schedule extensions.  

The third question included in the project characteristic portion of the survey asked 

project managers to estimate the percentage of organization personnel whose daily 

tasks were impacted due to the ERP system implementation. The question on disruption 

asked for the percentage of the organization’s staff whose functions changed due to the 

implementation. EIS project managers responded with a percentage. For the EHR 

system implementations, the percentage of staff whose functions changed was rated on 

a 1-5 scale, where 1=few, 2=some, 3=half, 4=most and 5=all. Previous research has not 

reported on the impact of the level of staff disruption during implementation on CSF 

ratings. 

The last two questions included on the survey were related to project characteristics 

was the project manager experience. The appropriate pairing of leadership style and 

project type for project success has been studied (Muller & Turner, 2007). Researchers 

have postulated that project success is impacted by project leadership competency and 

that project leadership competency is mediated by project type and contextual factors 

(Muller & Turner). High emotional competencies were found to significantly contribute 

to project success in all high performing projects. Two questions on project 

management experience were included in this study to capture this important 

information. The first question asked for project management experience in years. The 
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second question asked for the number of years of IT project experience for ERP project 

managers or medical IT experience for EHR system project managers. Project leadership 

capacity is a difficult construct to measure, but project manager experience was 

selected as a proxy measure. The higher value of these two questions was used for 

analysis.  

4.3.1.2 Organizational Factors 

The next four contextual factor questions included on the survey focused on details 

concerning the organization where the software was being implemented. In the first 

organizational factor question, survey respondents were asked for the industrial sector 

of the organization undergoing the ERP implementation. The second and third questions 

asked for the number of people employed by the organization and the number of sites 

in which the software was implemented. The number of sites has not been typically 

reported in previous studies. Research has shown that for good team performance, trust 

between members is very important (Dayan & Di Benedetto, 2010). Dispersion (lack of 

co-location) and culture variation have been found to inhibit trust formation (Dayan & 

Di Benedetto). Researchers have found that even for regional sites, project performance 

can be influenced by leadership, execution and control, and communication 

(Anantatmula & Thomas, 2010).  

The fourth question associated with organizational factors asked project managers to 

specify the multifunctionality of the internal implementation team. Specifically the 
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number of departments represented on the internal implementation team was 

requested. Key user involvement has been shown to be important to meet the 

expectations of users (Aloini et al., 2007; Lawrence & Scanlon, 2007). Researchers have 

commented that early ERP implementations were left to the information technology 

group to complete (Kreps & Richardson, 2007) leading to low success rates. A major 

personal computer and printer manufacturer commented that ERP implementation 

should focus on the people, not technology or processes (Al-Mashari et al., 2003). 

Researchers described the difference between standard IT projects and an ERP 

implementation as a shift from systems development to business process redesign and 

configuration of business management software (Al-Mudimigh, Zairi and Al-Mashari, 

2001). Research by Umble et al. (2003) found that functional areas represented by 

implementation project team members developed significant improvements when 

sufficient time was available. Other researchers have identified the start of the project 

as the time to learn the goals of the project, as well as to learn about each other 

(Puddicombe, 2006). Information on implementation team membership has not been 

commonly included in published studies of CSFs. Details on the CSFs included on the 

survey are described next. 

4.3.1.2 Critical Success Factors 

The initial list of CSFs was created based on a review of the literature. A list of 17 CSFs 

was used for this study, 14 of these CSFs have been identified by previous researchers to 
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be important in EIS implementation projects. Three CSFs identified as being particularly 

pertinent to more recent ERP implementation projects were also included. The first 

addition was the Early Adopters/Super-users CSF. Early Adopters was originally 

identified by Al-Mashari, Al-Mudimigh and Zairi (2003) and later by Robinson (2009). 

The second addition was a Problem Resolution Process CSF. This is a variation of a CSF 

included in two previous studies: Interdepartmental Cooperation CSF (Somers & Nelson, 

2004) and Troubleshooting/Crisis Management CSF (Finney & Corbett, 2007). The third 

addition was the Change Management (technical) CSF. This CSF was identified as 

important for maintaining control when many changes (customization) to the software 

are implemented. The remaining fourteen CSFs identified for inclusion in this study were 

identified by multiple researchers in previous studies. Operational definitions for each 

CSF were developed by integrating the definitions developed by previous researchers 

and by incorporating content provided in previously published studies. Operational 

definitions for each of the 17 CSFs included in this study are summarized in Table 4.5. 

CSFs ratings were evaluated using a 7-point Likert Scale. The scale values used were as 

follows: 
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 1 = Not At All Important 

 2 = Very Unimportant 

 3 = Somewhat Unimportant 

 4 = Neither Important Nor Unimportant 

 5 = Somewhat Important 

 6 = Important 

 7 = Extremely Important. 

This study controlled factors known to impact CSFs by limiting the sample of projects 

studied to only those that were within six months of completion, by limiting participants 

to project managers, by gathering pertinent contextual information and by limiting the 

implementation projects included in the sample to only small and medium-size 

organizations. The data collection process and a detailed description of the 

identification of survey respondents are described next. 
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Table 4.5: CSF names and definitions (Van Scoter, 2011) 

Critical Success 
Factor 

Definition and  Sources 

Top Management 
Support 

Top management provides resources and communicates the project 
priority and strategy to all employees; it understands the project risks 
(Nah & Delgado,2006, Somers & Nelson, 2001) 

Transition Management 
(Change Management 
of Personnel) 

Through communication, training and negotiation the organization creates 
a project shared vision with values and goals to promote project success 
(Nah & Delgado, 2006, Finney & Corbett, 2007).  

Business Process 
Reengineering (BPR) 

Business processes are aligned with the new enterprise system, to 
increase the efficiency of the organization’s processes (Somers & Nelson, 
2001).  

Communication Early and continual communication of system capabilities including 
software demonstrations, expectations, timelines, and organization goals 
(Nah & Delgado, 2006).  

Training/User Support All employees have access to training and ongoing support through super 
users. 

End User Involvement End users from impacted functions are active participants throughout the 
project, to ensure software is appropriate (Zang et al., 2003). 

Project Team 
Composition 

Team participants include affected functional areas. Cooperation between 
departments is developed through a shared mental model (Nah & 
Delgado, 2006). 

Project Team 
Competence & 
Coordination 

Competent people who freely share information with the team, fostering 
creativity and innovation (Nah & Delgado, 2006). 

Clear & Measurable 
Project Objectives 

A common understanding of the system objectives shared by all parties. 
Performance objectives are designed to encourage desired behavior 
(Umble et al., 2003). 

Business Plan/Vision Clear and compelling vision, including clear measurable goals and 
objectives linked to business goals and IT strategy covering 3-5 years 
(Umble et al., 2003; Finney & Corbett, 2007). 

Project Champion Executive level official who reduces resistance and facilitates goal setting, 
advocates change, understands the business, organizational and 
technical perspectives (Nah & Delgado, 2006, Somers & Nelson, 2001). 

IS Selection Selection of IT system involving all functional groups; capabilities tested 
for fit with minimum customization using test scenarios (Nah & Delgado, 
2006). 

Project Management Position that requires technical, programmatic and soft skills in order to 
complete the project successfully. 

External Consultants Personnel brought in due to specific enterprise system knowledge, who 
do not have direct control of the project (Somers & Nelson, 2001).  

Problem Resolution 
Process 

Open, collaborative problem resolution process between functional 
groups for process and procedural issues, done in a timely manner. 

Change Management 
(Technological) 

Measurement of how well the project team and manager keep current of 
changes requested and provide feedback to the different departments. 

Early Adopter/Super-
users 

Department users who get involved early and stay after the 
implementation to advise personnel and promote usage, diffusing 
knowledge. 



 
 

 
 

4.3.2 Data Collection 

Data was collected using a telephone survey. The first survey question a respondent was 

asked was what EIS system type was being implemented. Based on the response, 

additional questions were asked. The second question asked if the respondent was 

within six months of the implementation project’s completion. If the answer was 

affirmative, the remainder of the survey was administered. The ordering of the survey 

questions was maintained for all respondents. In addition to collecting critical success 

factor ratings and contextual details for the project and organization, respondents were 

asked to identify important CSFs for the project that were not included on the survey 

and to comment on other aspects of CSFs that might provide additional insight to the 

research. Because the survey was administered by telephone, the researcher was able 

to ask follow-up questions on responses and to provide clarification on the intent of 

each question for the respondents.  

4.3.3 Respondent Details 

Each potential participant was contacted by telephone and an appointment made for 

participants to respond to the survey. Data collection occurred over a two month 

period. Project managers were the targeted population for this research. Having all 

respondents performing the same function at similar organization levels reduced the 

potential of extraneous variation. The project managers contacted were from software 
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vendors, consulting organizations or government contractors. All respondents were 

responsible for either ERP or EHR system implementation projects.  

ERP software vendors and consultants were the two distinct sources targeted 

population for this research. Potential ERP software company respondents were 

identified from a web-based listing of the top ERP software systems 

(http://www.top10erp.org/?gclid=CMX6kf6Oh6oCFQMPbAodxwq6xw). Consultants who 

implemented ERP software were identified from top ERP software system websites. 

Additional potential respondents were identified from an ERP-users group who were 

interested in ERP project management, using a website called IT Toolbox 

(http://erp.ittoolbox.com/groups/strategy-planning/erp-projectmanagement/). From 

these sites a total of 31 organizations were contacted. The number of organizations with 

participants responding to the survey was 12, but usable data was obtained from only 

eight organizations.  

EHR system project managers were identified from listings of government contracted 

groups, software companies, and consultants. The Regional Extension Centers (REC) 

were private organizations with government contracts to perform the tasks associated 

with the HITECH mandate. Listings of the REC appointments is available at: 

http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regio

nal_extension_centers/3519. The role of RECs includes overseeing EHR implementations 

as one of the varied roles included in the REC’s contracted work. RECs have a geographic 

http://www.top10erp.org/?gclid=CMX6kf6Oh6oCFQMPbAodxwq6xw
http://erp.ittoolbox.com/groups/strategy-planning/erp-projectmanagement/
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
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area of responsibility, with 62 RECs in the U.S. Most RECs web-sites had links to 

consultants and software company representatives in the contractually identified 

regional area that each REC serves. The majority of the EHR software companies came 

from a list of certified EHR software (http://onc-

chpl.force.com/ehrcert/EHRProductSearch). A total of 52 organizations were contacted 

and asked to participate in this research. Due to the high demands for EHR system 

implementation, participation of software firms and consultants was difficult to obtain. 

Fifteen organizations agreed to respond to the survey, but only nine organizations 

provided usable results. The RECs, while geographically focused, provided information 

on projects from multiple organizations across the country.  

Most ERP and EHR system project managers provided information on more than one 

project. However, each project was treated as a distinct case, and all project managers 

were able to identify the most important or difficult part for each project. Data on 

seventeen ERP implementation projects were collected. The ERP projects was 

undertaken mainly in small-size organizations. However, projects were from a varied 

group of industries and national locations, and as such were representative of a broad 

base of ERP implementation projects in small to medium-size organizations.  

The 26 EHR system projects were from implementations across the country. These 

projects reflected individual cases and no data was gathered for identical projects, in 

terms of size or implementation type, from the same project manager. The size of the 

http://onc-chpl.force.com/ehrcert/EHRProductSearch
http://onc-chpl.force.com/ehrcert/EHRProductSearch
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surveyed organizations implementing EHR systems was small, on average 20 people. 

These research findings should be applicable to similarly sized healthcare organizations 

in the U.S. The research results related to both research questions are presented next, 

followed by a discussion of the significance of the results.  

4.4 Results 

A summary of the ERP data related to the independent variables (project characteristics 

and organizational factors) is provided first, including a table summarizing the 

breakdown of the project contextual details. The CSF rating results with the average 

ratings and standard deviations are presented next, with the results describing the 

impact of contextual factors on CSFs. A discussion of the three under-studied CSFs 

included in this study is then presented. This is followed with a detailed comparative 

analysis of ERP and EHR projects.  

4.4.1 Contextual Factor Summary 

Survey data were collected from eight project managers for 17 different ERP 

implementation projects, which were completed in small to medium-size organizations. 

A summary of the breakdown of projects for each of the seven contextual factors 

included in the study is provided in Table 4.6. Over 40% of the organizations in which 

the ERP projects were implemented were in the manufacturing sector, 75% of the 

organizations employed fewer than 100 people. Those organizations with multiple site 

ERP project implementations were not manufacturing organizations. Generally, the 
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manufacturing organizations included in this sample implemented ERP projects that 

impacted a larger portion of the workforce than organizations in other industrial 

sectors. All of the organizations included in the sample were located in the U.S. 

Additionally all but three of the organizations had sites located within one state. Over 

half of the projects studied were first-time implementations, and over half of the 

projects implemented between six and ten different modules. In addition, the project 

managers responding to the survey were very experienced, with over 60% of the project 

managers having more than 15 years of experience either with managing IS system 

implementation or in project management. 
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Table 4.6: Summary of contextual factors for 17 ERP project implementations (Van 
Scoter, 2011) 

ERP Implementation Contextual Factors Number Percentage 
ERP primary industry sectors: 
• Manufacturing 
• Food Manufacturing 
• Distribution 
• Other 

 
7 
3 
4 
3 

 
41.2% 
17.6% 
23.5% 
17.6% 

Number of employees in organization implementing ERP: 
• 0-100 
• 101-200 
• 201-300 
• 301-400 

 
13 
1 
1 
2 

 
76.5% 
5.9% 
5.9% 

11.8% 
Number of sites implementing ERP system in an 
organization: 
• 1  
• 2 – 5 

 
14 
3 

 
82.4% 
17.6% 

Implementation type: 
• First 
• Upgrade 
• Switch systems 

 
9 
3 
5 

 
52.9% 
17.6% 
29.4% 

Number of modules implemented: 
• 1-5 
• 6-10 
• 11-15 

 
2 
9 
6 

 
11.8% 
52.9% 
35.3% 

Number of departments on the implementation team: 
• 1-3 
• ≥4 

 
7 
10 

 
41.2% 
58.8% 

% employees whose daily tasks disrupted by ERP 
implementation: 
• 0%-20% 
• 21%-40% 
• 41%-60% 
• 61%-80% 
• ≥81% 

 
4 
6 
3 
1 
3 

 
23.5% 
35.3% 
17.6% 
5.9% 

17.6% 

Project manager experience: 
• <15 years 
• 15 ≤x<20 years 
• 20≤x<25 years 
• ≥25 years 

 
3 
1 
1 
3 

 
37.5% 
12.5% 
12.5% 
37.5% 
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4.4.2 Critical Success Factor Ratings 

Table 4.7 summarizes the average and standard deviation for each CSF rating for the 

entire set of 17 ERP projects.  A higher value indicates that project managers felt that, 

on the average, the CSF was more important than other CSFs with lower values.  

Maximum and minimum response values are also provided in Table 4.7. The first 

research question investigated whether or not contextual factors impacted CSF ratings 

for ERP projects. Before studying the relationship between different contextual factors 

and CSF ratings, the distribution of responses for each CSF was observed using QQ plots 

and histograms. Some deviation in normality was observed for three CSFs: Project 

Champion, Top Management Support, and Communication.  The amount of deviation, 

however, was minimal. As a result, parametric testing of means was determined to be 

appropriate for subsequent analyses.  

CSF ratings were compared to test for significant differences when respondents were 

grouped based on contextual factors. The sample of 17 ERP projects were split into two 

groups based on participant responses to the contextual factor questions. T-tests were 

performed to identify statistically significant differences between the groupings of ERP 

implementation projects using each contextual factor. When a significant difference in 

variances was observed between the two subsamples, based on Levene’s test result, an 

equal variance not assumed t-test value was applied. Results for each set of t-tests are 

presented next.   
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Table 4.7: Descriptive statistics for CSF ratings for 17 ERP implementation projects 

Critical Success Factor Average Std  
Dev 

Maximum 
Response 

Minimum 
Response 

Project Champion 6.89 0.459 7 5 
Communication 6.63 0.684 7 5 
Top Management Support 6.47 0.905 7 4 
Early Adopter / Super-user 6.37 0.684 7 6 
Problem Resolution 
Process 

6.32 1.003 7 4 

Project Team Competence 
and Coordination 

6.26 0.734 7 4 

End User Involvement 6.11 0.937 7 5 
Project Management 6.00 1.453 7 3 
Clear, Measurable Project 
Objectives 

6.00 0.745 7 4 

BPR 5.89 0.809 7 4 
Transition Management 5.74 0.934 7 5 
Training / End User 
Support 

5.68 0.946 7 4 

Change Management 
(Technology) 

5.58 1.427 7 1 

Business Plan / Vision 5.42 0.693 7 4 
Project Team Composition 5.42 1.346 7 3 
Information System 
Selection 

5.37 0.895 7 4 

External Consultants 3.57 1.806 7 1 

4.4.3 Impact of Project Characteristics on CSF ratings 

Four contextual factors related to project characteristics were included in this study. The 

first project characteristic tested was implementation type (first implementation versus 

upgrade or switch systems). The mean for the Top Management Support CSF was 

different between these two groups of projects. Top Management Support was rated as 

more important by project managers who were responsible for subsequent 

implementations. 
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The next analysis evaluated the effect of the number of modules implemented on 

project manager ratings of CSFs. The average number of modules implemented in this 

sample of ERP projects was 8.8, and the median number of projects implemented was 

eight. Projects were grouped based on this median value --those implementing eight or 

fewer modules were included in one group, and those implementing nine or more 

modules were the comparator group. Eight or 47% of the 17 organizations included in 

this study implemented nine or more modules. A statistically significant difference in 

project manager ratings for the Business Process Reengineering (BPR) CSF was 

observed. The mean ratings for the BPR CSF showed that this CSF was rated as more 

important by project managers for ERP projects in which more modules were 

implemented. 

The third project characteristic tested for its impact on CSF ratings was the percentage 

of employees whose daily tasks were disrupted as a result of the ERP implementation. 

The average value for the percent of employees disrupted was used to determine the 

groupings. For this sample, the average percentage of employees disrupted was 44%. 

This value was rounded to 40%, and those projects with less than or equal to 40% 

disruption were grouped together. Those projects where more than 40% of the 

organization’s employees experienced disruption in daily tasks as a result of the ERP 

implementation was the comparison group. The mean rating of one CSF (Top 
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Management Support) was seen as more important for ERP project implementations 

where a larger percentage of employees experienced task disruption. 

The effect of project duration on CSF ratings analysis could not be computed. While the 

average ERP implementation project duration was seventeen months, the use of this 

value to divide the sample resulted in one group containing only two projects. The final 

analysis completed was to study the effect of project manager experience on CSF 

ratings. The majority of the project managers interviewed for this study had significant 

experience in project management and/or in enterprise system implementation. The 17 

projects were split based on projects led by a project manager with less than 25 years of 

experience and those with at least 25 years of experience. Roughly 47% of the projects 

were managed by someone with less than 25 years of experience. The impact of project 

management experience on ratings of the Top Management Support CSF was 

statistically significant. Those project managers with less experience rated the 

importance of the Top Management Support CSF higher than more experienced project 

managers. 

4.4.4 Impact of Organizational Factors on CSF Ratings 

The first comparison of ERP implementation projects on the basis of organizational 

factors was based on the industrial sector of the 17 individual ERP projects. There were 

ten projects from manufacturing organizations and seven projects from non-

manufacturing organizations. As most previous research has been based on ERP projects 
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conducted in the manufacturing sector, this research contributes to the body of 

knowledge by testing to determine whether or not CSFs are industry-specific. A 

statistically significant difference in means was found between non-manufacturing 

organizations and manufacturing organizations for the Top Management Support CSF.  

This study focused on small and medium-size organizations, as this subset of 

organizations has not been as well-characterized in the ERP project implementation 

literature. Two sizes of organizations were compared using 100 employees as the 

dividing point between small and medium-size organizations. The government census 

data on firms uses 100 employees as the division between small and medium-size 

(www.census.gov/hhes/computer). The first group contained six organizations with 

ninety-nine or fewer employees, while the second group included eleven organizations 

with more than one hundred employees. A statistically significant difference in means 

was not seen for any of the CSFs ratings, when ERP implementation projects were 

compared on the basis of organizational size.  

The third analysis completed tested for the impact of the number of sites within an 

organization undergoing ERP implementation on CSF ratings. Many of the organizations 

included in the study implemented ERP systems at only a single site. Only three of the 

organizations studied implemented ERP systems at more than one site. The means of 

two different CSFs (Top Management Support, and Project Team Composition) were 

found to be statistically different between these two groups of organizations. Project 
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Team Composition was rated as more important by the project managers from 

organizations with only a single site ERP implementation project. Top Management 

Support became more important as the number of sites in an organization undergoing 

ERP implementation increased. 

The fourth organizational factor used for comparison was the number of departments 

represented on the implementation team for the ERP project. The first group included 

those projects with three or fewer departments participating on the implementation 

team. The comparison group had four or more departments participating on the 

implementation team. The mean for the Business Process Reengineering (BPR) CSF was 

different between these two groups. The BPR CSF was rated as more important in 

organizations that had more departments involved on the implementation team. The 

results of the three not been widely researched CSFs included as part of the survey, are 

described next. 

4.4.5 Criticality of Under-Studied CSFs 

This study integrated three more recently identified CSFs: Problem Resolution Process, 

Early Adopter / Super-user and Change Management (technical). The mean ratings for 

the first two of these CSFs (Problem Resolution Process and Early Adopter / Super-user), 

based on the 17 projects included in this studied, provided some initial evidence of the 

importance of these CSFs. These two CSFs explain processes that are occurring and have 

previously been considered only as part of other CSFs.  



191 
 
Problem Resolution Process and Early Adopter / Super-user were ranked as the fourth 

and fifth most important CSFs out of the 17 CSFs included in this study. The third CSF, 

Change Management (technical), ranked thirteenth in importance. With the data 

collected for this study, the Problem Resolution Process and Early Adopter / Super-users 

CSFS both had average ratings greater than 6.2. Garcia-Sanchez and Perez-Bernal (2007) 

used a score of 3 as the cut-off to demonstrate criticality on a 5-point scale, where a 1 

corresponded to neither critical nor important, and a 5 represented both critical and 

important. The Garcia-Sanchez and Perez-Bernal value of 3 on a 5-point scale is 

equivalent to 5.5 on the 7-point scale used in this research. A one-sided student-t test 

was performed on the average ratings of the Problem Resolution Process and Early 

Adopter / Super-user CSFs to determine if either CSF was critical, when critical is defined 

by having an average rating greater than 5.5. Both factors, Problem Resolution Process 

and Early Adopter / Super-user, were found to be critical, at a significance level of 0.005.  

The Problem Resolution Process CSF was defined as: open, collaborative problem 

resolution process between functional groups for process and procedural issues, done in 

a timely manner. One project manager from this study commented that, “this [issue] is 

especially true between payroll and HR. Payroll always wants more information, and HR 

won’t let them have it”. The Early Adopter/Super-user CSF was also rated high by most 

of the ERP project managers interviewed for this study. The Early Adopter/Super-user 

CSF was defined as: department users who get involved early and stay after the 
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implementation to advise personnel and promote usage, diffusing knowledge. At the 

end of the phone survey, many of the project managers commented that training 

incorporated into the ERP implementation project used a process similar to an early 

adopter and super-user approach. The next section reviews the contextual factor 

findings for the ERP portion of this study, before comparing CSFs between ERP and EHR 

system implementation projects.  

4.4.6 ERP Contextual Factor Effects Summary 

Table 4.8 summarizes the significant differences identified for the 17 ERP 

implementation projects included in this study. The mean ratings for the Top 

Management Support CSF was found to be statistically different based on five different 

contextual factors – industrial sector, number of organization sites undergoing 

implementation, implementation type, percentage of employees whose daily tasks were 

disrupted by the ERP implementation, and project manager experience. The mean 

ratings for the BPR CSF were also found to be statistically different based on two 

contextual factors – number of employees and number of ERP modules implemented. 

One additional CSF mean rating (Project Team Composition) was found to be 

significantly different based on the number of sites where the ERP system was 

implemented.  
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Table 4.8: Uncorrected summary of statistically significant differences in CSF ratings by 
contextual factor  
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Top Management 
Support 

2.53* 
(0.035)  2.45* 

(0.037) 
-2.53* 
(0.035) 

2.45* 
(0.037) 

2.28* 
(0.026)  

BPR  2.29* 
(0.037)     2.45* 

(0.027) 
Project Team 
Composition      -2.69* 

(0.017)  

* Indicates t-test value with p value less than 0.05, sign of t-test is included if negative. 

To evaluate the potential impact of each contextual factor on CSF ratings, 119 separate 

t-tests were performed. A significance level of 0.05 was used to identify significant 

differences in mean ratings. When a large number of t-tests are performed, such as in 

this study with over 100 t-tests being completed, significant differences may be 

identified by chance. To minimize the likelihood of a Type 1 error, a Bonferonni 

correction was applied. Such corrections may, however, reduce the detection of real 

events (Abdi, 2007). Applying a Bonferonni correction where the significance level of 

0.05 was adjusted by dividing y 8 (the number of tests performed for each dependent 

variable) resulted in no statistically significant differences in CSF ratings. While initial 

analyses suggest that there are differences in mean CSF ratings due to contextual 

factors, further research is needed to verify if these differences in mean ratings are due 

to contextual factors or were random events. A larger sample of projects might provide 

stronger evidence for the role of contextual factors on CSF ratings.  The next section 
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compares CSF mean ratings for two types of EIS software projects: ERP and EHR. This is 

followed by a discussion of the results and conclusion. 

4.4.7 Comparison of ERP and EHR System CSFs 

Survey data were collected from 17 project managers and for 17 ERP and 26 EHR system 

implementation projects. All projects were implemented in small to medium-size 

organizations. A summary of both ERP and EHR system projects by project characteristic 

and organizational factor is presented in Table 4.9. More than 80% of the total number 

of projects were carried out in small organizations (<100 employees). Over 40% of the 

total EHR projects were implemented at only one site. More than 60% of the EHR 

projects were first implementations. ERP implementation projects implemented more 

modules on average than the EHR system implementations. The EHR system 

implementations affected more of the organization’s employees than ERP 

implementations, with EHR system implementations affecting on average a minimum of 

60% of the employees. More than 50% of the EHR system implementation projects 

lasted less than ten months while more than 50% of the ERP implementations lasted 

more than ten months. Project managers on ERP projects had slightly more experience 

on average than the EHR system implementation project managers.  
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Table 4.9: Summary of contextual factors for 17 ERP and 26 EHR system implementation 
projects 

Implementations ERP 
Number 

ERP 
Percentage 

EHR 
Number 

EHR 
Percentage 

Implementation type: 
• First 
• Upgrade 
• Switch Systems 

 
9 
3 
5 

 
52.9% 
17.6% 
29.4% 

 
17 
9 
0 

 
65.4% 
34.6% 

0 
Number of modules implemented: 

• 1-5 
• 6-10 
• 10-15 

 
2 
9 
6 

 
11.8% 
52.9% 
35.3% 

 
23 
3 
0 

 
88.5% 
11.5% 

0 
Percentage of employees whose daily 
tasks were disrupted due to 
implementation: 

• 0%-20% 
• 21%-40% 
• 41%-60% 
• 61%-80% 
• ≥81% 

 
 
 

4 
6 
3 
1 
3 

 
 
 

23.5% 
35.3% 
17.6% 
5.9% 
17.6% 

 
 
 

1 
0 
0 
13 
12 

 
 
 

3.8% 
0 
0 

50.0% 
46.2% 

Project manager experience: 
• <10 years 
• 10 ≤x<20 years 
• ≥20 years 

 
1 
3 
4 

 
11.1% 
44.4% 
50.0% 

 
4 
1 
4 

 
44.4% 
11.1% 
44.4% 

Number of employees in implementing 
organization: 

• 0-19 
• 20-100 
• 101-400 

 
 

0 
13 
4 

 
 
0 

76.5% 
13.5% 

 
 

14 
9 
3 

 
 

53.8% 
34.6% 
11.5% 

Number of sites undergoing 
implementation: 

• 1  
• 2 – 5 
• 6 – 10 

 
 

14 
3 
 

 
 

82.4% 
17.6% 

 

 
 

8 
13 
5 

 
 

30.8% 
50.0% 
19.2% 

Number of Departments on 
Implementation Team: 

• 1-3 
• ≥4 

 
 

7 
10 

 
 

41.2% 
58.8% 

 
 

12 
14 

 
 

46.1% 
53.9% 

As with the ERP projects, EHR project managers rated each CSF using a 7-point Likert 

scale. A higher rating indicated that the CSF was more important than other CSFs with 

lower values from the perspective of the interviewed project managers. Before the 

relationship between contextual factors and CSF ratings could be evaluated, the 

response distribution was evaluated for each CSF using histograms and QQ plots. The 

small range of responses in rating values for a small number of EHR system CSFs 
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resulted in slight deviations from normality in three QQ plots (Top Management 

Support, Communication and Project Champion). A comparative analysis of ERP and EHR 

CSFs was undertaken. Results of this comparison are described next. 

4.4.8 Comparison of ERP and EHR CSFs 

Based on EIS system type, project manager’s ratings of the CSFs were grouped to test 

for significant differences in mean ratings. The CSF mean ratings for ERP and the EHR 

system projects were compared using a t-test. A summary list of CSFs in which a 

statistically significant difference in mean ratings between ERP and EHR system 

implementation projects were identified is shown in Table 4.10.  

Table 4.10: CSF ratings and summary ranking for 17 ERP and 26 EHR system 
implementation projects 

Critical Success 
Factor 

 
ERP 
Rank 

 
EHR 
Rank 

Delta 
In 

Rank 

ERP 
Average 
(Std Dev) 

EHR 
Average 
(Std Dev) 

 
t statistic 
p value 

Project 
Champion^ 1 4 -3 6.88 

(0.485) 
6.37 

(1.563) 
-2.24* 
(0.031) 

Early Adopter / 
Super-user 4 13 -10 6.53 

(0.515) 
5.42 

(0.945) 
-4.41** 
(0.000) 

Problem 
Resolution 
Process 

5 14 -9 
6.35 

(1.057) 
5.07 

(1.324) 
-3.33** 
(0.002) 

Training / User 
Support 12 3 8 5.82 

(0.883) 
6.46 

(0.761) 
2.52* 

(0.016) 
^   Non-equal variance t-statistic was used. 
*   ρ value less than 0.05. 
** ρ value less than 0.01. 

The comparison of CSFs ratings by EIS system type showed four statistically significant 

differences in mean CSF ratings: Project Champion, Early Adopter/Super-user, Problem 
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Resolution Process and Training/User Support. These results are discussed in the 

broader context of EIS and CSF research next. 

4.5 Findings 

The focus of this study was on EIS projects implemented in small to medium-size 

organizations. This study was designed to determine the impact of contextual factors on 

the ratings and types of CSFs for ERP implementation projects and to determine 

whether or not EIS system type (ERP or EHR system) affected the importance ratings of 

CSFs. While previous research has identified a number of CSFs that appear to be 

important in ERP implementation projects, there is evidence that the unique 

characteristics of each project and of each organization may impact CSFs. Other 

researchers (Belassi & Tukel, 1996; Maylor et al., 2008) have expressed concern that 

both project characteristics and organizational factors can impact CSFs. However, very 

few researchers have published results where contextual factors have been purposefully 

included, e.g. Belassi and Tukel, 1996; Hyvari, 2006. The underlying motivation for this 

study was to determine if differences in project characteristics and organizational 

factors need to be considered. While a common, larger set of CSFs may likely apply to 

the majority of EIS implementations, the importance of a particular CSF may vary 

depending on contextual factors. Which contextual factors are important and the 

mechanism by which contextual factors may impact CSFs has not been well-

characterized in previous studies of CSFs for either ERP or EHR projects.  
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In an effort to increase the rigor and contribution of this study, some potential sources 

of variation were controlled in the design of this study. For example, all respondents for 

this study were project managers. In previous studies, respondents often came from 

different levels of management, which could potentially impact the identification of 

CSFs and CSF ratings. Second, project managers were interviewed within six months of 

project completion. In previous studies, CSF are often rated at multiple time frames 

(some very long) after project completion. It is possible that a project manager’s 

recollection of CSFs may change as more and more time elapses after project 

completion. Finally, the size of the organizations included in the study was limited to 

small and medium-size organizations. This particular population of organizations has not 

been well studied. The next section discusses the findings related to the impact of 

contextual factors on ERP CSFs for small and medium-size organizations. 

4.5.1 ERP CSFs Compared to Previous Literature  

A comparison of CSF mean rankings from this study with rankings from research by 

Finney and Corbett (2007) is presented in Table 4.11. Additionally, a summary rank 

based on five previous studies from Table 4.2 is also included in Table 4.11. The Finney 

and Corbett created CSF ranking using published data from 1999 – 2004.  

A comparison of summary lists of CSFs from older ERP research with CSF ratings 

obtained from this study (Table 4.10) provide an indication that CSF ratings are indeed 

changing with time. Noteworthy from the table is the fact that 12 comparisons are 
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available between the three sets of ranks. Of these 12 comparisons, ten comparisons 

show a systematic change or a constant from the earliest rankings done by Finney and 

Corbett to the current study rank. It can be seen that the importance of CSFs such as 

Project Champion, End User Involvement and Communication have increased 

substantially, while Transition Management and Project Team Composition have 

decreased in importance. The change in CSFs appears to reflect a change in focus from a 

top-down EIS implementation to one in which the CSFs reflect a more user-oriented 

approach. This would corroborate the change from early implementations done by 

information technology departments that were less successful, which caused the move 

to a more user-oriented approach and the involvement of functional areas in the 

implementation process. Lists of CSFs from prior research were correct for the projects 

studied, at the time the projects were studied. However, as contextual factors change, 

the importance of individual CSFs may also change.  

This research introduced three CSFs that have not been well-studied. The results 

indicated that two of these three CSFs were critical to the 17 ERP projects studied: Early 

Adopter/Super-user and Problem Resolution Process. These results suggest that as 

implementations have become more user-focused, CSFs have also changed, but in some 

cases, the lists of CSFs evaluated have remained static. This has limited both the 

understanding of what is important in ERP implementations and the information 

provided to project managers regarding where best to apply scarce resources. When a 
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CSF becomes more specific, such as the Early Adopter / Super-user and Problem 

Resolution Process CSFs, the CSF provides a project manager with actionable 

information. In previous ERP research, the CSF training was ranked third, while in the 

current study the rank for training dropped to twelfth. An important take away for ERP 

project managers resulting from this research is that training per se may not be the best 

technique to bring people up to speed when a new ERP system is implemented, an Early 

Adopter/Super-user may be a better approach.  

Table 4.11: Comparison of ERP CSF Rankings 
Critical Success Factor Research 

Rank 
Rank Table 

4.2  
Finney and 

Corbett Rank 
Delta 

Project Champion 1 3 10 2, 9 
Communication* 2 2 10 0, 8 
Top Management Support* 3 1 1 -2, -2 
Early Adopter / Super-user 4 na na na 
Problem Resolution Process 5 na na na 
Project Team Competence and 
Coordination* 

6 na na na 

End User Involvement# 7 10 23 3, 16 
Project Management* 8 3 16 -5, 8 
Clear, Measurable Project 
Objectives 

8    

BPR 10 7 3 -3, -7 
Transition Management* 11 7 1 -4, -10 
Training / End User Support 12 3 3 -9, -9 
Change Management 
(Technology) 

13 na na na 

Business Plan / Vision* 14 10 8 -4, -6 
Project Team Composition 14 3 5 -11, -9 
Information System Selection 16 13 13 -3, -3 
External Consultants 16 9 7 -7, -9 

  *  Result includes four studies. 
  #  Result includes one study. 
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One of the difficulties in comparing prior research is that CSF definitions are not 

consistent between researchers. The two new CSFs also impact the final ranking of the 

remaining CSFs. The significance of the relationship between contextual factors and ERP 

CSFs are discussed next. 

4.5.2 Impact of Contextual Factors on ERP CSFs 

Knowledge about the effects of contextual factors would help both project managers 

and researchers to better deal with individual projects. Top management support has 

been identified by previous researchers as being one of the most important CSFs. The 

results of this study seemed to support these previous findings. Top Management 

Support was found to be a highly ranked CSF. While significant differences in the 

average rating values were observed in the uncorrected data, it is important to note 

that in all these analyses, project managers rated this CSF as either very important or 

extremely important.   

The rating of the BPR CSF suggested that as the percentage of employees whose daily 

tasks are disrupted as a result of the ERP system increased, the importance given to BPR 

by project managers also increased. These results need additional research to verify 

since significant differences in means were not seen after applying the Bonferonni 

correction. However, implementation of an ERP system frequently includes changing the 

work processes of the employees. Previous researchers have found that for 

implementation of ERP systems in the government sector, BPR accounted for 30% of the 
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implementation process time (Alshahi, 2008). Technology change only accounted for 

20% of the implementation process time, and 40% of the implementation process time 

was required for change management. The Alshahi research may underestimate the 

time for BPR activities, as the ERP implementation studied only created a portal to 

access information via the web. This type of ERP implementation is much less disruptive 

than a typical ERP implementation in a manufacturing facility. Based on interviews done 

for the Alshahi study, the disruption due to BPR was less than 50%.  

Industry sector seemed to impact the ratings of one critical success factor. This result 

would support previous findings documented in the existing literature (e.g. Rockart, 

1979). Further research is needed to evaluate the effect of contextual factors on CSFs. 

The difference between EIS type (ERP and EHR systems) and CSFs will be discussed next. 

4.5.3 Differences in CSFs between ERP and EHR System Implementation 
Projects 

The second research question was focused on determining if the CSFs for ERP and EHR 

system implementations were the same. Little research has been published in which the 

CSFs for these two types of EIS projects are compared. Similarities in the CSFs have, 

however, been hypothesized to exist, e.g. MacKinnen and Wasserman (2009).  

In this study, for both ERP and EHR systems, the Communication CSF was ranked 

second. The smaller healthcare facilities ranked Top Management Support first while 

the larger ERP organizations ranked Project Champion first. However in both system 
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types, Project Champion and Top Management Support were both ranked in the top five 

CSFs. Statistically significant differences were seen in four CSFs, Early Adopter/Super-

user, the Problem Resolution Process, Training/User Support, and Project Champion, the 

top five CSFs. The Early Adopter/Super-user difference may be indicative of the 

computer knowledge difference between the two groups. The Problem Resolution 

Process difference may be due to the difference in organization size.  

The results of this study indicated that the training CSF was ranked twelfth out of the 

17 ERP CSFs studied. Prior research conducted over four years ago, such as Finney and 

Corbett (2007), ranked the training CSF as the third most important CSF. The Early 

Adopter/Super-user CSF was ranked fourth in this study. Comments from the ERP 

project managers interviewed for this study highlight this change. One project manager 

commented about training, saying, “It’s not as important as you think; most people 

know how to use a PC.” Another commented, “Systems have changed dramatically in 

the time I have been in it, and people’s perceptions of computers in their daily life. 

Generational shifts in how ERP [systems] are being used. Consumerization in IT in [the] 

ERP world – computers in the home are impacting the work systems with respect to 

comfort, speed, standard screens, etc.” 

The EHR project managers, on the other hand, ranked training higher (twelfth for ERP, 

third for EHR). One project manager felt that training was important because, for them, 

training involved personnel whose first language was not English. This organization had 
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to train individuals who spoke 80 different languages as part of the EHR projects. 

Ensuring that people were trained and understood what to do, was more difficult in 

these situations. An individual’s communication style is impacted by cultural heritage. 

This organization found that some cultures would nod when a question was not 

understood or the answer was not known. 

The healthcare organizations implementing EHR systems were almost half the size of 

the organizations implementing ERP systems in this study. This size difference may 

provide a potential explanation for the observed difference in importance in Problem 

Resolution Process CSF rates. Personnel in the healthcare organizations in this study 

sometimes had multiple responsibilities due to the organization’s small size. For 

example, the receptionist in a healthcare office might also be responsible for billing. In 

these situations, the line between functional groups would not have been as much of a 

barrier to discussion as a more formal structure would be, such as in a larger 

organization. In larger organizations, the structure is defined by functions or by 

processes, such as a manufacturing organization or a hospital, and the Problem 

Resolution Process CSF would be more important. Organizational size could also 

explain the difference in ranking between larger ERP organizations where Project 

Champion was ranked higher than Top Management Support, which was ranked higher 

in the smaller healthcare organizations implementing EHR systems. 
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4.6 Conclusions 

This research attempted to answer the question: Do contextual factors impact CSFs 

ratings in small and medium-size organizations undergoing ERP implementations? The 

second question was: Does system type (ERP versus EHR systems) impact CSFs ratings?  

Three separate important findings were identified in answering the first question. First, 

a comparison of summary lists of CSFs from older ERP research with CSF ratings 

obtained from this study (Table 4.10) provide an indication that CSF ratings are indeed 

changing with time. Second, and supporting the first finding, this research found that 

two of the three CSFs introduced were critical to the 17 ERP projects studied. The 

criticality of the CSFs suggest that as implementations have become more user-

focused, CSFs have also changed. Early Adopter/Super-user may be a more effective 

technique to educate and get personnel competent when implementing an ERP system 

than previous training techniques. Lastly, the first research question of this study 

ended with inconclusive results regarding the impact of contextual factors on ERP CSF 

ratings. Additional research is needed to verify these results for ERP implementations.  

The results for the second question were very clear, the system type did impact the 

mean CSF ratings for the projects studied. Some of the differences seen between ERP 

and EHR system CSFs may be due to organizational size. Size is thought to impact the 

CSFs: Project Champion, Top Management Support, and Problem Resolution Process. 

The difference in importance seen between the ERP and EHR system CSFs, Training/End 
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User Support and Early Adopter / Super-user, may reflect a lower computer literacy in 

the healthcare arena. Further research is needed to distinguish the causes of the 

differences seen. 
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5 Manuscript 2 

Electronic health record systems critical success factors and the 
impact of contextual factors 

Abstract 

Purpose: To determine the Critical Success Factors (CSFs) for EHR system 

implementation and the impact of contextual factors (project characteristics and 

organizational factors) on CSFs, for small to medium-size healthcare organizations. 

Methods: Survey approach with quantitative methods. Data were obtained from 26 EHR 

system implementation projects, from the project manager, on projects within six 

months of completion. Data on CSFs as well as contextual factors were collected. 

Results: Average ratings of 17 CSFs were obtained from 26 projects to produce an 

ordered listing of CSFs – one of the first published for EHR implementation projects. 11 

contextual factors were evaluated in the study, and four contextual factors were found 

to result in nine statistically significant differences in seven mean CSF ratings. The 

Training/User Support CSF was impacted by three contextual factors, including number 

of modules implemented, level of staff disruption and project manager experience. 

Conclusions: The identification of CSFs from this study provide important information to 

leaders and project managers in healthcare organizations implementing EHR systems. 

This study demonstrated that contextual factors (project characteristics and 

organizational factors) can impact CSFs. Further, contextual factors must be managed 

during EHR system implementations to ensure project success. Contextual factors 

should be considered at the start of a project.   

Keywords:  Critical success factors; Enterprise system implementation; EHR systems; Contextual factors  
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5.1 Introduction 

Since the early 1990’s organizations have implemented and used Enterprise Information 

Systems (EIS) software. Enterprise resource planning (ERP) systems are the most 

common type of EIS. A newer enterprise system has become increasingly popular 

outside of the traditional application domain of manufacturing - Electronic Heath 

Record (EHR) systems. EHR systems provide a way for healthcare organizations to 

improve quality of care and patient safety (Gurley, 2004) and are believed to offer many 

advantages over systems based on paper medical records. Paper patient records are 

typically organized chronologically, fragmenting information and making it difficult for 

healthcare personnel to have immediate access to clinical health information. Paper 

records, due to storage issues, also have a finite lifetime. EHR systems on the other 

hand are continuously updated, are accessible from multiple sites, and have larger 

storage capacity and lifetimes.  

EHR system implementations, even though relatively new, are rapidly expanding due to 

the government funding of The Health Information Technology for Economic and 

Clinical Health (HITECH) Act. HITECH was enacted as part of the American Recovery and 

Reinvestment Act of 2009 and was signed into law on February 17, 2009 to promote the 

adoption and meaningful use of health information technology (U.S. Department of 

Health and Human Services, 2011).  HITECH provides support for primary care physicians 

(PCPs), who implement an EHR system and use it to the extent defined as meaningful 
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use, through stimulus payments. These same PCP offices also receive support from 

HITECH through Regional Extension Centers (RECs). The RECs are government 

contractors whose focus is to help PCPs through the EHR system implementation 

process. The RECs provide training and support services to assist providers in adopting 

EHRs, provide guidance with EHR system implementation, and provide technical 

assistance to achieve meaningful use. The goal of the HITECH program is for adoption of 

EHR systems by 90% of physicians and 70% of hospitals by 2015 

(http://www.himss.org/content/files/ARRAGapAnalysisTemplate.pdf) 

Organizations and project managers need guidance to know where to focus resources to 

achieve project implementation success, both efficiently and effectively. Critical Success 

Factors (CSFs) can fill that void. Critical success factors (CSFs) are those areas that must 

be done correctly for a project to achieve success. CSFs are necessary but not sufficient 

conditions for success (Rockart, 1979). An example of a CSF for implementation of an 

EHR system would be Communication. Communication to the all members of the 

organization must occur to achieve EIS implementation success, including conversion of 

processes and procedures to match the new system. However, communication is not 

enough to guarantee success, and the performance measurement system associated 

with communication must be defined to know when goals have been achieved. 

Enterprise system CSFs, especially for large ERP implementations, have been studied by 

many researchers (Nah & Delgado, 2006; Nah, Zuckweiler & Lau, 2003; Somers & 

http://www.himss.org/content/files/ARRAGapAnalysisTemplate.pdf
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Nelson, 2004). CSFs for EHR have not been as widely studied nor have ranked lists of 

CSFs for EHR projects been published. Smaller healthcare organizations have also not 

been extensively studied. A review of the literature identified gaps in the current body 

of knowledge related to EHR system implementations. First, CSF lists for EHR system 

implementations have not been published, and second, small to medium-size healthcare 

organizations are under-studied. The small number of EHR CSF studies that are 

published have mainly focused on identifying CSFs for EHR systems implementations in 

larger medical organizations (Nagle & Catford, 2008; Studer, 2005; Ward, Stevens, 

Brentnall, & Briddon, 2008).  

This study was designed to address these two gaps in the current body of knowledge. 

This research study targeted primarily small to medium-size healthcare organizations 

who were implementing EHR systems, while capturing the CSFs and contextual factors 

associated with each project. The objective of this study was to develop a better 

understanding of the role of CSFs for EHR projects carried out in small to medium-size 

healthcare organizations. This study is timely as EHR system implementations are 

currently growing in this sector of healthcare organizations, due in part to the 

government incentives resulting from HITECH. Ultimately, results from this research 

should help guide project managers in small and medium-size healthcare organizations 

by identifying where to focus scarce resources for EHR implementation projects, based 

on both project characteristics and organizational factors.  
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The findings from this study were based on data obtained from 26 EHR system 

implementation projects that were within six months of completion (Van Scoter, 2011). 

Data for this study were obtained using a survey developed specifically for this study. 

The survey included two types of questions – those related to CSFs and those related to 

contextual factors. A literature review was conducted to identify a starting list of CSFs 

found in the EIS literature, but based primarily on ERP systems. A final set of 17 CSFs 

were selected for inclusion in this research, and importance ratings for each of the 17 

different CSFs were collected from EHR project managers.  

Contextual factors were identified in the literature, mainly from Vidal and Marle’s 

(2008) project complexity framework and Maylor, Vigden and Carver’s (2008) 

managerial complexity framework. The contextual factors included in this research 

study were the type of implementation (upgrade or first-time), the number of EHR 

modules implemented, the implementation project duration, the percent of the 

workforce impacted by the system implementation, the project manager’s experience, 

the number of people employed by the organization, the number of organizational sites 

undergoing implementation, the geographic dispersion of the organization sites, the 

computer literacy of the organization, the level of informal power, and the number of 

internal departments on the implementation team. The next section provides 

background information on EHR systems and provides further motivation for the 

particulars of this study. 
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5.2 Literature Review 

First, background details on EHR systems are presented, including why healthcare 

organizations are choosing to implement EHR systems and the core functions of EHR 

systems. This is followed by a review of the literature related to both contextual factors 

and CSFs.  

EHR systems have, as a critical component, the electronic health records of individuals 

available for immediate access by authorized users. EHR systems include individual 

electronic health records maintained over time and knowledge and decision support 

systems to aid health care providers in making correct patient health decisions. EHR 

systems allow access to critical information needed for efficient health care delivery, 

record sharing and updating (National Academies Press, 2003).  

EHR systems are an enterprise-wide information system, where a patient’s medical 

record is maintained by a specific institution. EHR in a hospital setting allows different 

departments and facilities to access a patient’s medical record, add information as 

needed, and allows remote access to the information. The use of an EHR system allows 

access to patient information in real time. This allows for more accurate diagnosis and 

treatment, while helping to avoid duplication of expensive tests and improving revenue 

management. EHR systems also provide for business continuity/disaster recovery and 

can lead to a reduction in paperwork. EHR systems must adhere to government 



218 
 
mandated safeguards for patient privacy and for the secure exchange of information 

(ONC, 2011). 

EHR systems are implemented for many of the same reasons that other EIS systems, 

such as ERP systems, are implemented. EHR systems can provide needed information to 

management (medical staff), reduce administrative costs, increase operational 

efficiency, and improve quality. Improved quality includes both improved quality of care 

and increased patient safety. The Institute of Medicine committee (IOM) defined the 

core functions of EHR systems as (Thakkar & 

 Davis, 2006):  

• health information and data  
• results management 
• order entry/management  
• decision support  
• electronic communication and connectivity 
• patient support  
• administrative processes  
• reporting and population health management 

EHR system implementations are a more recent development than ERP 

implementations. A large number of EHR implementation projects are underway in 

small medical organizations by PCPs as a result of the government subsidies associated 

with HITECH. EHR systems are needed in the healthcare field to improve efficiency in 

medical offices specifically and to improve healthcare in general (Kaye et al., 2010).  
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Estimates of EHR system implementation project success in 2006 were approximately 

50%. There is a large opportunity for improvement (Keshavjee et al., 2006). Healthcare 

is considered decades behind other industries in the use of information technology 

(MacKinnon & Wasserman, 2009). Implementing healthcare information technology is 

one of the highest priorities for healthcare organizations today (Kaye et al., 2010). 

Growth occurring in the EHR industry along with high project failure rates motivated this 

study to evaluate if contextual factors can explain differences in CSFs and can be used 

by practitioners and project managers to improve the rate of success of EHR 

implementation projects. Contextual factors relevant to EHR project implementations 

are discussed next.  

5.2.1 Contextual Factors 

Contextual factors are those project characteristics and organizational factors that 

impact the outcome of a project. Shenhar, Dvir and Maltz (2001) believed that the result 

of project characteristics and organizational factors was project complexity. Shenhar, 

Dvir and Maltz also posited that the impact of contextual factors and the resulting 

complexity on management processes have not been considered in the identification of 

CSFs. According to Baccarini (1996), to manage a project successfully, a project’s critical 

characteristics needed to be known. However, the connection between contextual 

factors and CSFs has not been well-elaborated in the literature (Hyvari, 2006).  
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In order to identify appropriate contextual factors to include in this research, a project 

complexity framework was leveraged. While the project complexity framework was not 

specifically developed for information technology projects, it nonetheless provides a 

useful mechanism for conceptualizing the role of contextual factors in the study of CSFs. 

Vidal and Marle (2008) used Baccarini’s (1996) definition of project complexity, 

consisting of technological complexity and organizational complexity, as the basis for a 

project complexity framework. Vidal and Marle identified four areas as characterizing 

project complexity, based on workshops with experienced project managers. These four 

areas included project size, project variety, project interdependencies and the elements 

of project context.  

Contextual factors have not, for the most part, been considered in previous research on 

CSFs for EHR implementation projects. The need for research to uncover the role of 

contextual factors in the determination of CSFs, however, has been identified by 

previous researchers. Two projects implementing EHR systems in different offices are 

different projects due to differences in contextual factors (Koivu et al., 2004). For this 

research the terms project characteristics and organizational factors were used, while 

Vidal and Marle used the terms technological complexity and organizational complexity. 

Vidal and Marle noticed that roughly 70% of the identified complexity factors were 

related to the organization, rather than to the technology. Complexity has been 

postulated as one of the main causes of project unpredictability, especially in terms of 
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failures (Vidal & Marle). The recommendation from Vidal and Marle to project managers 

was to properly manage complexity by taking advantage of the opportunities complexity 

creates and by avoiding the negative aspects of complexity, rather than trying to reduce 

complexity.  

Contextual factors chosen for inclusion in this study could all be objectively counted or 

specified, with the exception of informal power. Previous researchers have shown the 

impact of informal power on project success if leaders fail to consider power transitions 

resulting from EHR system implementations (Lapointe & Rivard, 2007; Ward et al., 

2008). A better understanding of the impact of this entire set of contextual factors on 

CSFs for EHR system implementations will benefit both practitioners, responsible for 

EHR system implementations as well as make a contribution to the academic body of 

knowledge related to CSFs. Background information on CSFs is summarized next. 

5.2.2 CSFs and EHR System Projects 

CSFs have been used since 1961 when success factors were identified by Daniel (1961). 

Further research by Rockart (1979) and then Bullen and Rockart (1981) resulted in a CSF 

methodology, which has been used to help organizations determine information needs 

or to perform general or information system planning. These researchers (Bullen & 

Rockart, 1981; Rockart, 1979) found that CSFs are affected by industry. Even in the same 

industry, CSFs are affected by strategy differences. Also, temporal factors impacting the 

organization and the position of the manager were also found to impact CSFs. Some 
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researchers posit that CSFs are specific to an organization only at a specifc time 

(Rockart, 1979). In other words, as temporal factors change, CSFs may also change.  

Previous research has shown that many factors affect the importance of any one CSF. 

Research has shown that CSFs vary with the project phases and that different project 

types have different CSFs (Dvir, Lipovetsky, Shenhar & Tishler, 1998; Pinto & Prescott, 

1987). Most previous studies of CSFs have not controlled or documented the presence 

of the factors postulated to impact CSFs (Holland & Light, 1999; Nah et al., 2003; Somers 

& Nelson, 2004; Nah & Delgado, 2006; Zhang, Lee, Zhang & Banerjee, 2003) such as 

project phase, organization level of participant, and industry. CSFs relevant to EHR 

system implementation projects are discussed next. 

CSFs for EHR system implementation projects are not as well-documented as those for 

ERP system implementations. A comprehensive literature review from Ward et al. 

(2008) discussed many of the factors affecting health care personnel with respect to 

information technology system implementations. Similar to results from studies of ERP 

projects, high level leadership was identified by Ward et al. as the most important factor 

for successful information system implementations. Both the identification of project 

champions, as well as including the appropriate people as part of the team or as users, 

were identified as important for organizations to be successful in an EHR system 

implementation. Successful implementations also require training that provides 

personnel with experience and confidence in using the EHR system.  
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Studer (2005) suggested that four factors associated with the organization were critical 

for EHR system implementation success. The factors were management support, 

financial resource availability, implementation climate, and implementation policies and 

practices. Key CSFs identified by other researchers for EHR system implementations 

include leadership, engagement, communication, process redesign, and training and 

support (Nagle & Catford, 2008). The prior literature shaped the approach used in this 

research, the methodology is described next. 

5.3 Methodology 

5.3.1 Research Model 

The research model created to frame this study is shown in Figure 5.1. CSFs identified 

from previous research on both ERP and EHR system projects were used to identify 17 

distinct CSFs. The 17 CSFs selected for inclusion were comprehensive without being 

redundant. The contextual factors chosen included both project characteristics and 

organizational factors.  

This study limited the dataset to projects within six months of completion, limited 

participants to project managers, and gathered contextual information for each of the 

projects included in the study in an attempt to eliminate variability resulting from these 

factors. The contextual information gathered for each project was more extensive than 

in previous studies. The research hypotheses developed for this research are 

summarized next.  
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Figure 5.1: Research model 

Hypotheses:  

H1a-p: EHR system implementation type (first or other) has no effect on the importance 

ratings of individual CSFs. 

H2a-p: The number of modules implemented as part of an EHR system implementation 

has no effect on the importance ratings of individual CSFs. 

H3a-p: The implementation duration of an EHR system implementation has no effect on 

the importance ratings of individual CSFs.   

H4a-p:  The level of organization disruption during an EHR system implementation has no 

effect on the importance ratings of individual CSFs.   
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H5a-p: The years of project management experience a project manager for an EHR 

system implementation project, has no effect on the importance ratings of individual 

CSFs.   

H6a-p: The organization size, measured by the number of employees at an organization 

undergoing an EHR system implementation, has no effect on the importance ratings of 

individual CSFs.   

H7a-p: The number of organization sites being implemented during an EHR system 

implementation has no effect on the importance ratings of individual CSFs.   

H8a-p: The geographic dispersion of sites of an organization during an EHR system 

implementation has no effect on the importance ratings of individual CSFs.   

H9a-p: The computer literacy of individuals in the organization during an EHR system 

implementation has no effect on the importance ratings of individual CSFs.   

H10a-p: The presence of informal power in the organization during an EHR system 

implementation has no effect on the importance ratings of individual CSFs.   

H11a-p: The level of internal project team multifunctionality during an EHR system 

implementation has no effect on the importance ratings of individual CSFs.   

5.3.2 Research Instrument 

This study used a survey administered by telephone to collect the data needed to 

evaluate the effect of contextual factors on CSFs ratings. IRB approval of the research 

instrument and protocol were obtained prior to data collection. Responses were 

collected from an experienced group of project managers who worked at EHR software 
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companies, consulting firms, or government grant agencies. Only EHR system projects 

that were within six months of completion, either before or after implementation, were 

included in this study. In addition to responding to questions to provide data needed to 

evaluate both contextual factors and CSFs, project managers were also given an 

opportunity to provide comments suggesting other important factors relevant to EHR 

system project success. The specific questions used on the survey are described in more 

detail next. First, the CSFs included in the survey are defined. Second, the contextual 

factors related to the project are defined and discussed. Finally, the contextual factors 

stemming from the organization are defined and discussed. 

5.3.2.1 Critical Success Factors 

The 17 CSFs included in this study are summarized in Table 5.1, along with a definition 

for each CSF. Project managers were asked to “rate each of the following success 

factors, according to the factor’s importance for the success of your project 

implementation process.” CSFs were rated using a 7-point Likert Scale. The scale values 

used were as follows: 

 1 = Not At All Important 

 2 = Very Unimportant 

 3 = Somewhat Unimportant 

 4 = Neither Important Nor Unimportant 

 5 = Somewhat Important 

 6 = Important 

 7 = Extremely Important  
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Table 5.1: CSF names and definitions 

Critical Success Factor Definition and  Sources 
Top Management 
Support 

Top management provides resources and communicates the project priority 
and strategy to all employees; it understands the project risks (Nah & 
Delgado,2006 [9]; Somers & Nelson, 2001) 

Transition Management 
(Change Management 
of Personnel) 

Through communication, training and negotiation the organization creates a 
project shared vision with values and goals to promote project success (Nah & 
Delgado, 2006; Finney & Corbett, 2007 ).  

Business Process 
Reengineering (BPR) 

Business processes are aligned with the new enterprise system, to increase 
the efficiency of the organization’s processes (Somers & Nelson, 2001).  

Communication Early and continual communication of system capabilities including software 
demonstrations, expectations, timelines, and organization goals (Nah & 
Delgado, 2006).  

Training/User Support All employees have access to training and ongoing support through super 
users. 

End User Involvement End users from impacted functions are active participants throughout the 
project, to ensure software is appropriate (Zang et al., 2003) 

Project Team 
Composition 

Team participants include affected functional areas. Cooperation between 
departments is developed through a shared mental model (Nah & Delgado, 
2006 ). 

Project Team 
Competence & 
Coordination 

Competent people who freely share information with the team, fostering 
creativity and innovation (Nah & Delgado, 2006). 

Clear & Measurable 
Project Objectives 

A common understanding of the system objectives shared by all parties. 
Performance objectives are designed to encourage desired behavior (Umble, 
Haft & Umble, 2003). 

Business Plan/Vision Clear and compelling vision, including clear measurable goals and objectives 
linked to business goals and IT strategy covering 3-5 years (Umble et al., 2003; 
Finney & Corbett, 2007). 

Project Champion Executive level official who reduces resistance and facilitates goal setting, 
advocates change, understands the business, organizational and technical 
perspectives (Nah & Delgado, 2006; Somers & Nelson, 2001). 

IS Selection Selection of IT system involving all functional groups; capabilities tested for fit 
with minimum customization using test scenarios (Nah & Delgado, 2006). 

Project Management Position that requires technical, programmatic and soft skills in order to 
complete the project successfully. 

External Consultants Personnel brought in due to specific enterprise system knowledge, who do 
not have direct control of the project (Somers & Nelson, 2001).  

Problem Resolution 
Process 

Open, collaborative problem resolution process between functional groups 
for process and procedural issues, done in a timely manner. 

Change Management 
(Technological) 

Measurement of how well the project team and manager keep current of 
changes requested and provide feedback to the different departments. 

Early Adopter/Super-
users 

Department users who get involved early and stay after the implementation 
to advise personnel and promote usage, diffusing knowledge. 
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The project characteristics and the organizational factors, the independent variables 

identified for this study, are discussed in the next two sections. 

5.3.2.2 Project Characteristics 

Unlike most previous research where only the number of people in the organization and 

the industry type are captured, this research captured a broader set of contextual 

factors (Palanisamy, 2007). Survey questions related to contextual factors were 

developed based on previous research findings and on the project complexity 

framework. The contextual factors selected for inclusion in this study are presented in 

Table 5.2. Each contextual factor is also categorized using the project complexity 

framework of Vidal and Marle (2008). The questions included on the survey for each 

contextual factor are summarized in Table 5.3. The survey questions will be discussed 

next and connected to related literature.  

Table 5.2: Contextual factors for current research, adapted from Vidal and Marle (2008) 
Contextual Area 

Complexity 
types 

Project System Size Project System 
Variety 

Interdependencies within 
the project system 

Elements of the 
project context 

Technological 
Complexity 
(Project 
Characteristics) 

• Number of 
modules 
implemented 

• Duration of 
implementation 

• Project 
Manager 
Experience  

• Implementation type • Level of 
Disruption 

Organizational 
Complexity 
(Organizational 
Factors) 

• Number of 
employees 

• Number of sites 
in 
implementation 

• Geographic 
dispersion of 
sites 

• Computer 
literacy  

• Departments on 
Implementation Team 

• Informal Power 

 

Five variables related to project characteristics were identified for this study. The 

project characteristic variables included the type of the implementation, the number of 
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modules implemented as part of the EHR system implementation, the duration of the 

implementation project, the level of disruption for the employees, and project manager 

experience level.  

The first of the six project characteristic survey questions asked if this implementation 

was the first, an upgrade, or a conversion. Determination of implementation number 

was important to know because initial enterprise system implementations are often 

more difficult due to the significant changes an organization must undergo. Even if 

software is customized, upgrades are typically less difficult because organizations do not 

have to undergo as much change management or business process reengineering, both 

of which are typical for first implementations.  

While organizations implementing ERP systems use ERP modules to determine the level 

of functionality an ERP system will provide, the majority of the EHR implementations in 

small and medium size healthcare organizations occur using an integrated system. An 

integrated system is one which contains all of the functionality needed. In medical 

offices an integrated system typically includes modules to support front, middle, and 

back office functions while also still meeting the “meaningful use” requirements of the 

HITECH Act. Concerns about having to interface software modules have led many 

healthcare practices to using an integrated system rather than selecting individual 

modules. However, not all EHR system implementations occur using an integrated 

system, so the second project characteristic question asked participants for the number 
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of EHR system modules included in the implementation. Integrated systems were 

counted as containing five modules. The third question in the project characteristics 

section of the survey was about project duration. Project duration questions have been 

included in previous studies.  

Table 5.3: Contextual factor survey questions and response choices 
 Variable Name Question Measurement Scale 

Pr
oj

ec
t c

ha
ra

ct
er

ist
ic

s 

Implementation type Was this an upgrade or a first 
time implementation? 

Upgrade, conversion  in 
software or first 

# modules 
implemented 

Number of modules 
implemented 

# modules 

Duration of 
implementation 

Implementation project 
duration in months 

# months 

Level of disruption Level of organization personnel 
disrupted by implementation 

1-5 scale, where 5 was all, 
4=most, 3=half, 2=few 

Project Manager 
Experience 

Project management experience 
in years 

# years 
 

Management of medical IT 
project experience in years 

O
rg

an
iza

tio
na

l F
ac

to
rs

 

# Employees Number of people employed by 
the organization? 

Number 

# sites in 
implementation 

Number of sites undergoing 
implementation 

1-3, 1= single site, 2= 2-5 sites, 
3=6-10 sites 

Geographic dispersion Geographic dispersion of 
organization sites 

1-2, 1= single site, 2= multiple 
in same state 

Computer literacy Computer Literacy  1-5 scale, 1= computer 
illiterate, 5=computer savvy 

Informal power Informal Power construct Average response to 4 
questions 

Multifunctionality; # 
departments on team 

How many different internal 
departments were part of the 
implementation team? 

1=1 department, 2=2-3 depts, 
3=4-5depts, 4=6-7 depts,  
5= >7depts 
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The healthcare projects included in this research included many primary care physicians 

and offices, as well as some larger consortia, which had multiple offices and a hospital. 

In small healthcare offices, employees must perform multiple functions. As a result, the 

number of staff whose job functions change due to an EHR system implementation can 

be quite large. The fourth project characteristic question asked participants to estimate 

the level of staff disruption due to the EHR system implementation. For this research the 

impact level of the implementation on employee job tasks was rated using a 5-point 

scale, where 1=few, 2=some, 3=half, 4=most and 5=all staff were impacted. These levels 

were defined to correspond to increments of 20% with few corresponding to 0-20% of 

the staff being impacted and a value of 5 corresponding to 81-100% of the staff being 

impacted by the EHR system implementation. 

The last project characteristic measured was project manager experience. Previous 

research has identified project management leadership as an important factor in project 

success. Akkermans and van Heldon (2002) found that a project manager’s ability to 

improvise was one important skill set of ERP project managers. Dulewicz and Higgs 

(2005) found that the more complex a project, the more the project manager should 

become involved, facilitating and guiding the team to accomplish the tasks, versus 

driving the team towards a goal. Muller and Turner’s (2007) research on the connection 

between leadership style, project type, and project success, found that project 

leadership competency impacted project success and project leadership was mediated 
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by project type and contextual factors. The research results indicated that in high 

performing projects, high emotional competencies (self-awareness, emotional 

resilience, motivation, sensitivity, influence, intuitiveness, and conscientiousness) 

significantly contributed to project success, accounting for 36% of leadership 

performance. This was more than managerial skill (16% of leadership performance) or 

intellectual competence (27% of leadership performance). These previous research 

findings motivated the inclusion of two questions related to project management 

experience for this study. The first question asked for the years of project management 

experience. The second question asked for the number of years of medical IT 

experience. Since experience levels based on these two measures often differed, the 

decision was made to use the higher of the two values for analysis, and to use 

experience as a surrogate measure of project leadership capability. The next ten 

questions were designed to measure six different organizational factors hypothesized to 

be important in determining CSF ratings and are described next. 

5.3.2.3 Organizational Factors 

The first three organizational factor survey questions asked participants for 

demographic details about the organization undergoing EHR system implementation. 

These questions were the number of people employed by the organization, the number 

of sites in undergoing EHR system implementation, and the geographic dispersion of the 

sites. The number of sites undergoing implementation has not typically been included in 
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previous research. The geographic dispersion question was rated on a two-point scale, 

where 1=single site, and 2=multiple sites in single state. These two questions were 

included in the survey to provide information on potential issues in project management 

and team trust. Trust is important to team performance. Large distances, even in a 

single region, can inhibit trust formation (Dayan & Di Benedetto, 2010). According to 

Anantatmula and Thomas (2010), project performance can be influenced by project 

management actions, and different sites typically have different cultures that can affect 

project manager’s actions.  

The fourth organizational factor was computer literacy. Members of healthcare 

organizations mentioned computer and language literacy during discussions prior to the 

survey being administered as an important issue. Researchers have also commented 

that computer literacy can be influential during the implementation process (Ludwick & 

Doucette, 2008; MacKinnon & Wasserman, 2009). Project managers estimated the 

computer literacy of the personnel involved in each of the studied EHR system 

implementation projects. A 5-point scale was used, where 1=computer illiterate, 

3=person can do the job if nothing goes wrong, and 5=computer literate. 

Implementing an EHR system in an organization is similar to implementing an ERP 

system according to some researchers (MacKinnen & Wasserman, 2009). One difference 

between EHR and ERP system implementations is the role of informal power. The fifth 

organizational factor variable included in the study was informal power. ERP systems are 
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implemented in organizations where the only power is that sanctioned by management 

and that which is position dependent. This is sometimes called administrative authority, 

where supervisors control and coordinate activities (Allen, Kern & Havenhand, 2002). 

Healthcare organizations are structured differently, as physicians may work at hospitals 

or clinics without being a direct employee of the facility. A physician’s influence comes 

from the income that the physician brings in and the unique knowledge and training 

physicians have. This type of authority is called professional authority (Allen, et al., 

2002). Lapointe and Rivard (2007) examined the impact of different types of authority 

on information technology adopters. Results from this previous research indicated that 

the characteristics of professional bureaucracy, such as that found in a hospital, hinder 

information technology adoption. In particular, it was found that physicians experienced 

a perceived loss of power following the implementation of enterprise software systems. 

As a result, physicians in the study fought the implementation. There is additional 

research that suggests that the attitudes of healthcare professionals can impact the 

success of EHR implementations (Ward et al., 2008). A four question scale was 

developed to create a measure of the presence or absence of informal power. A 7-point 

Likert agreement scale was used to evaluate each question and combined together to 

create a measure of informal power. The informal power questions included on the 

survey are summarized in Table 5.4.  
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Table 5.4: Informal power survey questions (Van Scoter, 2011) 

At least one of the departments impacted by the enterprise system implementation had been 
semi-autonomous from the rest of the organization. 

At least one of the departments undergoing implementation was previously able to make their 
own decisions regarding information technology system purchases. 

At least one of the departments undergoing system implementation previously controlled 
their own data, but will no longer be the direct owner of that data. 

There are members of the organization who are not employees but rather affiliates, for 
example, physicians in some hospitals. 

The last two organizational factor variable questions were related to the 

multifunctionality of the internal implementation team. The first question asked if the 

internal implementation team was multifunctional. Early implementations of ERP 

systems were carried out by information technology groups performing the 

implementation largely disconnected from other stakeholders. Previous researchers 

contend that it is a mistake to believe that ERP implementations are an Information 

Technology (IT) project. Since EHR system implementations share many of the same 

features as ERP implementations (MacKinnen & Wasserman, 2009), an implementation 

team multifunctionality question was considered relevant to the study of EHR projects. 

The second question was developed to identify the number of different departments 

represented on an implementation team. Trust has been found to be very important 

among team members and to impact communication. Cultural variation was also found 

to inhibit trust formation (Dayan & Di Benedetto, 2010). Information on the functional 

diversity of the internal implementation team has not been included in most previous 
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CSF studies. Project managers rated involvement on a 1-5 scale, with 1 corresponding to 

no departments and 5 equal to all departments. The research instrument has been 

discussed, first the CSFs followed by the two contextual factors. Participant details are 

discussed next. 

5.3.3 Participant Details 

Data collection was carried out during a two month period. Each participant was 

contacted by telephone, and a survey appointment was made. Potential participants for 

this research were identified from listings of EHR software companies, consulting firms, 

and government grant agencies. The majority of the EHR software companies came 

from a list of certified software vendors for meeting HITECH requirements (http://onc-

chpl.force.com/ehrcert/EHRProductSearch). The Regional Extension Centers for HITECH, 

http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regio

nal_extension_centers/3519, who have been contracted to oversee EHR 

implementations made up the second largest percentage of participants for this study. 

Project managers included in this study had similar project management responsibilities, 

but differing levels (years) of experience. The consulting firms and software companies 

that employed the participants typically had multiple offices, nation-wide. RECs are 

regionally located and serve healthcare organizations within a defined geographic area. 

Participants from different RECs provided data for this study. 

http://onc-chpl.force.com/ehrcert/EHRProductSearch
http://onc-chpl.force.com/ehrcert/EHRProductSearch
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__listing_of_regional_extension_centers/3519
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Participating project managers often managed multiple EHR projects simultaneously. As 

a result, some project managers provided information on more than one project. Each 

project was distinct, and the project managers were able to identify project timelines, 

areas of difficulty for each project, as well as the staff level that was the most difficult to 

manage on the project. To further differentiate multiple projects from a single project 

manager, projects were different either with respect to the size of the organization or 

the implementation type (first, or upgrade). The unit of study for this research was 

implementation project; there were 26 projects studied in this research. Data for these 

26 projects were provided by nine project managers. 

The projects included in this study were undertaken at healthcare organizations across 

the country, including both coasts and Hawaii. The implementations occurred mainly in 

small PCPs. These results should be representative for small PCP EHR system 

implementations in the U.S. Most of the PCPs were small, however, so these research 

results may be less representative of EHR system implementations in medium-size or 

large healthcare organizations. 

5.4 Results 

Survey data were collected from nine project managers for 26 different EHR system 

implementation projects in 26 healthcare organizations. A breakdown of the projects 

using each contextual factor is presented in Table 5.5. Sixty-five percent of the projects 

were first implementations. The majority of the 26 projects used an integrated system, 
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equivalent to five modules. More than 50% of the EHR system implementation projects 

lasted less than ten months. The majority of the projects affected at least 60% of the 

employees. Project manager experience was bimodal, with approximately one half of 

project managers with less than 10 years experience and one half with 20 or more years 

of experience in project management or management of medical IT projects.  

More than 80% of the projects were from small organizations (<100 employees) with 

almost 70% of the projects from healthcare organizations that had multiple sites. The 

average computer literacy for project teams was assessed as having knowledge on task. 

The informal power in these organizations varied, but on average was not rated by the 

project managers as being particularly important, i.e. in the informal power scale, a 

value of 4 refers to neither important nor unimportant. The average number of internal 

departments represented on the implementation team was three.  

The average and standard deviation for each CSF for the entire set of 26 EHR system 

implementation projects are summarized in Table 5.6. A higher value indicates that the 

CSF was viewed as more important. Before studying the relationship between 

contextual factors and CSF ratings, the response distributions for CSF ratings were 

evaluated using histograms and QQ plots. Three QQ plots showed only slight deviation 

from normality due, in part, to the small range of response values.  
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Table 5.5: Summary of contextual factors for 26 EHR system implementation projects 
(Van Scoter, 2011) 

EHR Implementations Number Percentage 

Implementation type for EHR: 
• First 
• Upgrade 

 
17 
9 

 
65.4% 
34.6% 

Number of EHR modules implemented: 
• 1-5 
• 6-10 

 
23 
3 

 
88.5% 
11.5% 

Duration of EHR project. 
• ≤5 months 
• 5 <x≤10 months 
• 10 <x≤20 months 
• > 20 months 

 
12 
7 
1 
6 

 
46.2% 
26.9% 
3.8% 

23.1% 

Percentage of employees whose daily tasks were 
disrupted due to EHR implementation: 

• 0%-20% 
• 61%-80% 
• ≥81% 

 
 

1 
13 
12 

 
 

3.8% 
50.0% 
46.2% 

EHR project manager experience: 
• <10 years 
• 10 ≤x<20 years 
• ≥20 years 

 
4 
1 
4 

 
44.4% 
11.1% 
44.4% 

Number of employees in EHR implementing 
organization: 

• 0-19 
• 20-100 
• 101-200 

 
 

14 
9 
3 

 
 

53.8% 
34.6% 
11.5% 

Number of sites undergoing EHR implementation: 
• 1  
• 2 – 5 
• 6 – 10 

 
8 

13 
5 

 
30.8% 
50.0% 
19.2% 

Geographic Dispersion: 
• Single Site 
• Multiple Sites within a single state 

 
8 

18 

 
30.8% 
69.2% 

Computer Literacy: 
• 1=computer illiterate, 3=person can 

perform task if nothing goes wrong, 
5=computer literate 

 
Average 

3.2 

 
Std Dev 

0.94 

Informal Power (4= neither important nor 
unimportant): 

• Likert 7 point scale 

 
Average 

3.6 

 
Std Dev 

1.69 
Number of Departments on Implementation Team: 

• 1 = none (0-20%) 
• 2 = some (21-40%) 
• 3 = half (41-60%) 
• 4 = most (61-80%) 
• 5 = all (81-100%) 

 
Average 

2.8 

 
Std Dev 

0.76 
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Table 5.6: Descriptive statistics for CSF ratings for 26 EHR system implementation 
projects, in descending order by rating (Van Scoter, 2011) 

Critical Success Factor Average Std Dev Minimum 
Response 

Maximum 
Response 

Top Management Support 6.85 0.602 4  7 
Communication 6.74 0.594 5 7 
Training / User Support 6.48 0.753 5 7 
Project Champion 6.35 0.998 4 7 
Project Management 6.19 1.111 3 7 
Clear, Measurable Project Objectives 6.04 1.091 3 7 
End User Involvement 6.00 0.877 5 7 
Transition Management 6.00 1.144 3 7 
Project Team Competence and 
Coordination 

5.78 1.188 3 7 

Project Team Composition 5.70 1.203 3 7 
Change Management (Technology) 5.59 1.118 3 7 
Business Process Reengineering BPR 5.56 1.050 4 7 
Early Adopter / Super-user 5.44 0.934 2 7 
Problem Resolution Process 5.07 1.299 1 7 
Business Plan / Vision 4.82 1.733 1 7 
Information System Selection 4.76 1.553 1 6 
External Consultants 4.04 1.372 1 6 

Contextual factor values were used to group and to test for significant differences in 

mean CSF ratings. Groupings were done either using a logical breakpoint in contextual 

factor values or by using an average value for a particular contextual factor. Statistically 

significant differences were identified using t-tests. Levene’s tests was also completed 

to check for equality of CSF rating variances between each group. If unequal variances 

were identified adjusted t-statistics were used. A difference in mean ratings for the t-

tests was considered significant if the probability of a random occurrence of the event 

was only likely to occur five out of 100 times. However, since 187 t-tests were 

performed, Type 1 errors are likely. To minimize the odds of Type 1 errors, a Bonferonni 
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correction was applied. The ρ-value to identify a significant difference was modified 

from 0.05 to 0.0045. The use of a Bonferonni correction does reduce the detection of 

real events (Abdi, 2007). However, since this research is one of the first studies to look 

at the role of contextual factors on EHR system CSFs, a more conservative approach was 

determined to be appropriate. The impact of each of the corrected contextual factors 

on each CSF ratings is discussed next. 

5.4.1 Impact of Project Characteristics on CSF Rating 

The first set of hypotheses (H1a-p) were developed to determine whether 

implementation type had an impact on the rating of CSFs. Implementation type was 

divided into first implementations and upgrades or software changes. There were nine 

projects in the first group and 17 in the second. No significant differences in CSF rating 

means were found.  

The second set of hypotheses (H2a-p) were developed to compare mean CSF ratings 

based on the number of modules implemented. Projects were divided based on the 

average number of implemented modules observed in the 26 projects. Five projects had 

six or more modules implemented, while 21 had five or fewer modules implemented. 

The mean values for two CSFs were statistically different between the two groupings of 

projects. Two CSFs, Training / User Support and Project Champion, were rated higher by 

project managers implementing more than five modules.  
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The third set of hypotheses (H3a-p) evaluated if EHR system implementation project 

duration had an impact on CSF ratings. Projects were divided based on the average 

duration, which was six month. 69% of the implementation projects took less than six 

months, and 31% took longer. No significant differences in CSF rating means were 

found. 

The fourth set of hypotheses (H4a-p) compared mean CSF ratings based on the disruption 

of the organization personnel due to the EHR system implementation. Project managers 

estimated the number of staff whose job tasks changed due to the implementation of 

the EHR system. The responses were none, some, half, most, or all of the staff. The 

qualitative responses were mapped to 5-point scale (1=none, 5=all). The average 

disruption level was greater than four for the sample of projects. Projects were 

separated into those with a disruption level less than five, and those at five, 58% and 

42% respectively of the 26 projects. One CSF, Training / User Support, was rated as more 

important for EHR system implementations with a larger portion of employee task 

disruption. The mean ratings of two other CSFs, Business Process Reengineering and 

External Consultants were rated as more important for EHR implementations with a 

smaller portion of employee task disruption.  

The fifth hypotheses (H5a-p) compared mean CSF ratings based on the project manager’s 

experience. The average experience of project managers was fifteen years. Projects 

were divided into groups, with those projects managed by a project manager with less 
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than fifteen years of experience, containing ten projects, and those with more than 

fifteen years, totaling 16 projects. The mean ratings of two CSFs, Training/User Support 

and End User Involvement, were rated higher for Project Managers with less experience.  

5.4.2 Impact of Organizational Factors on CSF Rating 

The first set of hypotheses related to organizational factors (H6a-p) was a comparison of 

the mean CSF ratings based on the number of employees. This study included mostly 

small and medium-sized organizations. Small organizations were of special interest due 

to the government funding being directed to smaller organizations through HITECH 

(http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__hitech_progra

ms/1487). The U.S. Census Bureau defines small organizations into four different types. 

The four types are small organizations are those with 1-4 employees, 5-9 employees, 10-

19 employees, and 20-99 employees. The project data lent itself to the division of 

organizations into one set with 20 – 99 employees and a second set of organizations 

with less than 20 employees. There were fourteen projects in organizations with fewer 

than 20 employees and twelve projects in organizations with 20 or more employees. 

Two mean CSF ratings were statistically different based on this grouping of projects. The 

two CSFs impacted by organizational size were Change Management (Technology) and 

the Business Plan / Vision. Both CSFs were more important for projects in organizations 

with more employees than for projects in organizations with fewer employees.  

http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__hitech_programs/1487
http://healthit.hhs.gov/portal/server.pt/community/healthit_hhs_gov__hitech_programs/1487
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The second set of hypotheses (H7a-p) related to organizational factors compared mean 

CSF ratings based on the number of sites undergoing system implementation. The 

number of sites used to divide the projects was four, which was the average for the 

projects studied. There were 16 projects with less than four sites and ten projects with 

more than four sites. No statistically significant differences in mean CSF ratings based on 

the number of EHR implementation sites for the projects were found.  

The third set of hypotheses (H8a-p) related to organizational factors determined whether 

or not geographic dispersion had an impact on the mean ratings of CSFs. The projects 

implemented were either at a single site or within a single state. Using these two groups 

of projects, 31% of the projects were single site, and 18 (69%) were multiple site 

projects within one state. No significant differences in CSF rating means were found. 

The fourth set of organizational hypotheses (H9a-p) compared mean CSF ratings based on 

Computer literacy levels of site personnel. The average computer literacy score was 

close to 3 for the 26 EHR implementation projects studied. Those projects with a 

computer literacy value below 3 were placed in one group and encompassed 23% of the 

projects. The remaining projects had computer literacy values greater than 3. No 

significant differences in CSF rating means were found. 

The fifth set of hypotheses (H10a-p) related to organizational factors, compared CSF 

ratings based on levels of informal power. A four question scale was used to measure 
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informal power. A Cronbach Alpha value was calculated for the four questions to verify 

internal reliability of the scale. The Cronbach alpha was 0.88. Cronbach alpha values 

greater than 0.8 are considered to be indicative of a reliable scale (Cronbach & 

Shavelson, 2004). The projects were then separated into two groups using a value of 5 

to differentiate between the two groups of projects. The value of 5 was used as the 

division between groups because the value of 4 implied no impact from power. There 

were six projects with a power rating greater than or equal to 5, and 20 projects with a 

power rating value less than 5. No significant differences in CSF rating means were 

found. 

The sixth and final set of hypotheses (H11a-p) based on organizational factors determined 

if the number of departments on a multifunctional team impacted the mean CSF ratings. 

For three projects, the project manager did not respond to this question. Twenty-two 

projects used multifunctional teams, and one project implementation team included 

only one internal department. The average over the 23 projects was three departments. 

The average value was used to divide the projects into two groups for comparison. 

Fifteen projects had three or more different departments involved with the 

implementation, while eight projects had fewer than three departments involved. No 

significant differences in CSF rating means were found. Summarized statistics for each 

non-categorical contextual factor are presented in Table 5.7.  
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Table 5.7: Average values for t-test groups associated with each hypothesis   

Hypothesis Average 

26 EHR 

Group 1 

Average 

Group 1 

Std Dev 

Group 2 

Average 

Group 2 

Std Dev 

# Modules 
implemented 

6 4.8 0.89 9.2 1.92 

Duration (months) 6 4.2 1.62 16.3 7.38 

Level of disruption 5 3.8 0.80 5.0 0.0 

Project Manager 
Experience (years) 

15 5.4 3.90 25.5 3.30 

# Employees 20 10.4 4.44 75.7 42.53 

# Sites 
implemented 

4 1.75 0.86 6.9 2.73 

Computer literacy 
(1-5 scale) 

3 1.9 0.49 3.7 0.57 

Informal power     
(7 point Likert) 

5 2.9 1.23 5.9 0.30 

# Departments on 
team (1-5 scale) 

3* 1.9 0.35 3.2 0.51 

  * 23 projects 

5.4.2 Results Summary 

Table 5.8 summarizes the t-statistic and ρ-value for the nine significant differences in 

mean CSF ratings for the 26 EHR system implementation projects included in this study. 

Seven of the 17 CSFs were affected by differences in contextual factors. Top 

Management Support and Communication, the CSFs that were rated first and second, 

showed no significant differences in ratings based on any of the factors tested. A 

contextual factor not typically included in previous research, the level of staff disruption 

had an effect on three different CSFs: Training / User Support, Business Process 

Reengineering, and Business Plan / Vision. Hypotheses H2e, H2J, H4c, H4e, H4m, H5e, H5f, H6i, 
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and H6o were not supported by the research results. The next section discusses these 

results and compares the results to previous research findings. 

Table 5.8: T-statistic and ρ-values for statistically significant differences in mean CSF 
ratings (Van Scoter, 2011) 
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  Hypothesis Number H2 H4 H5 H6 

e 3 Training / User Support 3.84* 
(0.001) 

3.32* 
(0.004) 

-4.20* 
(0.001)  

j 4 Project Champion 3.34* 
(0.003)    

f 7 End User Involvement   -3.25 
(0.003) 

 

o 11 Change Management 
(Technology) 

 
 

 
3.30 

(0.003) 

c 12 Business Process 
Reengineering (BPR) 

 
-3.47 

(0.002)   

i 15 Business Plan / Vision    4.55 
(0.000) 

m 17 External Consultants  -4.17 
(0.000)   

           * Non-equal variance t-statistic was used.  

5.5 Research Findings 

The purpose of this study was to determine the impact of contextual factors on the 

ratings of CSFs for EHR system projects implemented in small to medium-size 

organizations. There is minimal published research that specifically applies to small or 

medium-size organizations undergoing EHR system implementations. The current EHR 

system implementation literature itself provides only general recommendations 

regarding CSFs, but does not identify specific CSFs for successful EHR system 

implementations, even for large healthcare organizations. An illustrative example of the 
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state of the existing literature of EHR CSFs is taken from Kaye et al. (2010). Ten CSFs 

were identified by Kaye et al. Five of these critical success factors were categorized as 

‘innovative leadership’: 

• Vision and making the decision; 

• Clear commitment and involvement of leadership throughout the 

process; 

• Appointment of an authorized health system integrator;  

• Addressing tangible, practical needs; 

• Establishing an organizational process for implementation and 

monitoring achievement of objectives.  

The second set of critical success factors were categorized as ‘partnership and 

collaboration with clinicians and other end users’ and included: 

• Establishing a multidisciplinary working group consisting of 

managers, clinicians and IT people at the outset to create a joint 

vision of the health IT system upon which the decision to enter 

into the process is based; 

• Financial incentives for clinicians; 

• Establishing an ongoing collaboration process; 

• Making sure that the benefits for clinicians are clear and visible; 

providing training and ongoing support to clinicians. 

Similarly, Nagle and Catford (2008) discussed the need for leadership, engagement, 

communication, business process redesign, training and user support in the successful 

implementation of EHR systems. Nagle and Catford further hypothesized that a function 

could express the needs for successful EHR system adoption as specified in Equation 7:  
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  a = f(ie, ic)        EQ7 

where, a, adoption, is a function of the investment in EHR and the investment in change 

management. Nagle and Catford studied the implementation of EHR systems in medium 

to large-size healthcare organizations to evaluate CSFs and propose CSF requirements 

for successful EHR system implementations. The Nagle and Catford model reflects the 

overall focus of existing literature on EHR system implementation however, which 

emphasizes cost, time to learn with minimal payoff, and accountability as important 

barriers to successful EHR system implementation (Ward et al., 2008). 

The results of this study support these two previous studies (Kaye et al., 2010; Nagle & 

Catford, 2008) and highlight the importance of participative leadership for project 

success as well as Training/User Support. The CSF, Top Management Support, was 

ranked first, and the CSF, Training/User Support, was ranked third. The CSF, Project 

Champion, was ranked fourth in priority based on the results of this study. These results 

also support the importance of Communication, ranked second in this study, consistent 

with the results reported by Nagle and Catford. The results of this study also supported 

the importance of the CSF, Vision. Kaye et al. (2010) identified the CSF, Vision, as one of 

the five ‘innovative leadership’ CSFs for EHR system implementations in large 

organizations. 

The project manager participants in this study did not rate Business Process 

Reengineering highly. Overall, the CSF, Business Process Reengineering, was rated 
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twelfth, based on the average ratings provided by the project managers. The model 

suggested by Nagle and Catford (2010) was inconsistent with this finding, perhaps 

indicating that implementations in small to medium-size healthcare organizations are 

different.  

The study results imply that an experienced project manager reduces the importance of 

End User Involvement, the Project Champion, and Training/User Support CSFs. This may 

be a result of increased communication or involvement early in the project creating 

better integration and team culture among team members. More leadership experience 

appears to improve project success. 

An interesting and unexpected result related to the level of staff disruption was also 

identified. Based on the results of this study, it appears that lower disruption levels to 

employee tasks increases the importance of Business Process Reengineering and 

External Consultants. It would seem that as task disruption increases from an EHR 

system project, both the need for Consultants and the use of Business Process 

Reengineering would also increase. It may be that these two factors become more 

important at lower levels of disruption, because at higher levels of disruption the 

situation is more chaotic as the organization tries to simultaneously take on both daily 

tasks as well as the implementation tasks associated with the implementation project.  
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The same set of critical success factors likely apply to the majority of EHR system 

implementations. However, based on the results of this study the importance of a 

particular CSF does appear to vary depending on contextual factors. Even in the larger 

body of research on enterprise implementations, very few researchers have designed 

studies where the impact of contextual factors have been purposefully evaluated. While 

researchers have expressed concern that CSFs can be impacted by contextual factors 

and have created contextual factor frameworks, the mechanism by which contextual 

factors impact CSFs has not been well-characterized (Belassi & Tukel, 1996; Maylor et 

al., 2008; Vidal & Marle, 2008). While some studies have looked at the effect of 

organizational factors on the success of EHR system implementations (Studer, 2005), 

few researchers have made the connection between contextual factors and CSFs.  

Small healthcare practices were found to be less likely than larger healthcare 

organizations to implement EHR systems. In addition, when these small healthcare 

practices did implement EHR systems, the organizations often engaged the help of a 

consultant. Ross, Schilling, Fernald, Davidson and West (2010) found that the largest 

influencing factors for PCP healthcare organizations to implement EHR was technical 

assistance and support during and after implementation and financial incentives. The 

government through its HITECH program does this exactly for EHR system 

implementation in small PCP practices. The HITECH program provides incentives for EHR 
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system implementation and meaningful use, and REC consultants provide the technical 

assistance to organizations through varied services.  

Previous research has identified a number of CSFs that appear to be important in 

enterprise system implementation projects; however, there is evidence that the unique 

characteristics of each organization and of each project may be important in identifying 

specific CSFs for a given project. The underlying hypothesis and motivation for this study 

was that differences in project characteristics and organizational factors need to be 

considered and can impact the CSFs that need to be managed during an EHR system 

implementation project. The research results of this study, overall, support this - 

contextual factors do impact CSF ratings.  

It is important to note that Top Management Support and Communication, while rated 

first and second overall, based on the average CSF ratings provided by the project 

managers, seem to be important under all circumstances, i.e contextual factors studied 

did not impact the importance of these top two CSFs. However, there was strong 

evidence to support the role that at least four contextual factors have on CSF ratings. 

The most important impacts were on the third, fourth and seventh ranked EHR CSFs, 

namely Training/User Support, Project Champion, and End User Involvement. 

Training/User Support was affected by three contextual factors: the number of modules 

implemented, the level of staff disruption, and the project manager experience. The 
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number of modules implemented impacted the CSF, Project Champion. The contextual 

factor, Project manager experience, affected the CSF, End User Involvement. 

Most research does not include the level of staff disrupted, and only a few have 

included the number of modules implemented. This research implies that these two 

contextual factors need to be considered in EHR implementations. This research also 

reinforces the idea that a more experienced project manager is always preferred, to 

improve the likelihood of project success. 

This is one of the first studies to complete an empirical evaluation of CSFs for EHR 

system implementation projects in small to medium-size healthcare organizations. This 

is also one of the first studies to specifically look at a larger number of contextual factors 

for EHR system implementations. Further research is needed to determine if the results 

obtained in this study are representative for medium-size or large healthcare 

organizations. In addition, the mechanisms by which contextual factors CSFs also needs 

further study. These results, however, lay the foundation for follow-on studies of this 

important type of EIS project. 
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6 Conclusions 

As Industrial engineers, a major concern is to improve the efficiency and effectiveness of 

engineering systems. Human systems engineering has as its focus engineering project 

management, systems engineering and human factors engineering. This research was 

motivated by the low success rate, quoted at approximately 60% in the literature, for 

two types of Enterprise Information System (EIS) implementation projects, Enterprise 

Resource Planning (ERP) and Electronic Health Record (EHR) systems. These EIS 

implementation projects are typically expensive, and can impact every department of 

the organization or a subset of departments, depending on the software modules 

chosen to be implemented. These projects frequently require organization personnel to 

change processes and procedures to conform to the new system (ERP or EHR).  

Project complexity has been proposed by researchers to arise from project 

characteristics and organizational factors. Researchers from fields such as management 

have found that as projects become more complex, leadership styles need to change to 

produce the best results. Similarly, project management style has also been shown to 

vary with complexity. Other researchers have found that project complexity is related to 

project unknowns, including the information needed to perform the project, the 

knowledge of the processes to use and the expected outcomes. Frameworks for 

complexity elements have also been developed by previous researchers. This study 

integrated these diverse research perspectives into a single model in which complexity 
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sources were related to project management processes and procedures. Specifically, 

this research focused on understanding how project characteristics and organizational 

factors affect CSFs for EIS implementation projects. 

To study the effect of project characteristics and contextual factors on CSFs for 

enterprise system implementation projects, a survey instrument was developed. The 17 

critical success factors chosen for inclusion were mainly based on the ERP project 

research of Finney and Corbett (2007), Somers and Nelson (2004) and Garcia-Sanchez 

and Perez-Bernal (2007). The dependent variables were rated by respondents using a 7-

point Likert scale. There were six project characteristics tested in this research and eight 

organizational factors. The average CSF scores from all the projects were used to 

determine if contextual factors impacted CSF ratings. 

Project managers from ERP and EHR system implementation projects that were within 

six months of completion were the study participants. T-tests were performed to 

identify statistically significant differences in the mean values of CSF ratings between 

the groupings of implementation projects using each contextual factor. A student’s t 

test was also used to determine if there was a difference between average CSF ratings 

for the two types of enterprise system projects included in the study (ERP and EHR). The 

effect of contextual factors on each CSF average rating for each implementation type 

was also compared to determine if contextual factors had a similar or different impact 

to CSF ratings for ERP and EHR implementation projects. 
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6.1 ERP Projects 

This research attempted to answer the question: Do contextual factors impact CSFs in 

small and medium-size organizations undergoing ERP implementations? By controlling 

the targeted study participants and the timing of data collection relative to the 

completion of an ERP implementation project, this study has controlled for factors that 

potentially impact the identification and ratings of CSFs. Analyses of the resulting survey 

data suggested that contextual factors do have some effect on the ratings of CSFs 

provided by project managers, but additional research is needed to verify the results.  

Project Champion was the most important CSF overall for this sample. Communication 

was the next most important CSF. Top Management Support followed as the third most 

important CSF for the 17 ERP projects included in this research. The CSF rated fourth 

overall was Early Adopter/Super-user. This CSF has not been included in many prior 

studies. The Early Adopter/Super-user CSF was rated much higher than the Training CSF 

in this study. This is an important take-away for project managers resulting from this 

research. Training is not as impactful to EIS projects as it once was, perhaps due to 

greater computer knowledge of employees. Training is seen as less important than the 

Early Adopter/Super-user method being currently used by project managers. Project 

Team Competency and Coordination CSF was rated fifth overall, followed closely by the 

End User Involvement CSF. 
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This research provides new information for project managers regarding where attention 

should be focused during ERP implementations. Comparisons with previous research 

CSF results showed a trend away from top-down CSFs to more user-oriented CSFs. The 

CSFs: Project Champion, Communication, and End User Involvement, were shown to 

have increased in importance. During this same period the CSFs: Business Process 

Reengineering, Transition Management (Change management of personnel), Business 

Plan/Vision and External Consultants were found to have decreased in importance. This 

study also opens up a new area not evaluated in the existing body of knowledge on ERP 

CSFs. The idea that project context makes a difference in ERP CSFs, has not been well-

explored. Due to the inconclusive results of this study, further research is still needed in 

this area. 

The summary lists of CSFs in the literature were correct for the projects investigated, at 

the time the research was conducted. CSFs are correct for a point in time, but appear to 

change as contextual factors change. Lists of CSFs provide guidance only. Knowledge 

about the effects of contextual factors will help both project managers and researchers 

to better deal with project context.  

6.2 EHR System Projects 

This research looked at the effect of contextual factors on CSF ratings for 26 EHR system 

implementation projects in small and medium-size organizations. Attempts were made 
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by various means to minimize extraneous variables through the choice of organizations 

surveyed, the participants surveyed, and the contextual data collected.  

This research improved understanding of CSFs relevant to the implementation of EHR 

systems in small and medium-size organizations. CSFs rated by project managers in this 

study provide important information to leaders and project managers in organizations 

implementing EHR systems. It is apparent that contextual factors can impact the relative 

importance of CSFs for EHR system projects. However, two CSFs (Top Management 

Support and Communication) appear to be important to managing EHR projects, 

regardless of project characteristics or organizational factors.  

The EHR system results imply that an experienced project manager who is proactive 

during the project, reduces the importance of End User Involvement and of 

Training/User Support. This may result from communication or involvement early in the 

project or prior to the project start-up. More leadership experience appears to improve 

project success. 

An interesting and unexpected result related to the level of staff disruption was also 

identified as a result of this research. Based on the results of this study, it appears that 

lower disruption levels to employee tasks increases the importance of the Business 

Process Reengineering and External Consultants CSFs. It would seem that as task 

disruption increases for an EHR system project, both the need for Consultants and the 
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use of Business Process Reengineering would also increase. It may be that these two 

factors become more important at lower levels of disruption, because at higher levels 

the situation is more chaotic as the organization tries to simultaneously take on both 

daily tasks as well as the implementation tasks associated with the implementation 

project.  

The results show, for the projects included in this study, that contextual factors do 

impact CSFs. The results of this research indicate that the premise that “one ranking of 

CSFs fits all projects” is not true. Contextual factors need to be further evaluated to gain 

a better understanding of why different contextual factors are associated with rating 

changes in CSFs. 

This is one of the first studies to complete an empirical, comprehensive evaluation of 

CSFs for EHR system implementation projects in small to medium-size healthcare 

organizations. This is one of the first studies to specifically look at a broad range of 

contextual factors for EHR system implementations, and the results imply that 

contextual factors do indeed effect EHR project implementations.  

6.3 Comparison of ERP and EHR system Results 

This research attempted to answer the question: Are ERP and EHR system 

implementations similarly impacted by contextual factors? The second question 
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addressed was: Do CSFs differ in importance for ERP and EHR enterprise system 

implementations?  

The results provided meaningful proof that ERP and EHR system implementations are 

not similarly impacted by contextual factors. ERP CSFs were not impacted by contextual 

factors for the projects studied. The EHR CSFs ratings were, however, impacted by 

contextual factors, with nine different instances of individual CSFs being affected by 

contextual factors. Seven of the 17 CSFs for the EHR system implementation projects in 

the study were affected by contextual factors. These differences, suggest that more 

research is needed to better understand the phenomenon leading to changes in CSFs 

once contextual factors are accounted for.  

The CSFs identified were also not the same for the EHR and ERP projects studied. The 

smaller healthcare facilities ranked Top Management Support first, while the larger ERP 

organizations ranked Project Champion first. Communication was ranked second for 

both groups. End User Involvement was ranked seventh for both systems as well. 

Statistically significant differences were seen in the average ratings of four CSFs: Project 

Champion, Early Adopter/Super-user, Training and User Support, and Problem 

Resolution Process. 
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6.4 Implications and Areas for Further Research 

This study has opened us a new area of research not evaluated in the existing body of 

knowledge on CSFs. The idea that project characteristics and organizational factors 

make a difference in CSFs, has not been well-explored. The results of this research 

indicate that the premise that “one ranking of CSFs fits all projects” is not true.  

Overall, the findings from this research would indicate that the ERP CSFs changed over-

time and CSFs today must support a more user-friendly implementation style. It appears 

that an Early Adopter/Super-user approach may be a more effective form of ERP system 

training than those previously used. The impact of contextual factors needs further 

research to provide conclusive results. 

For EHR system projects, the contextual factors, including the number of modules 

implemented, the level of staff disruption, project manager experience, and the size of 

organization as measured by the number of employees, impacted the CSFs. The 

contextual factor, level of staff disruption, had the most impact on the CSFs studied. 

Additional research is also needed to corroborate these results across a broader range 

of organizational sizes.  

Comparing ERP and EHR system projects, the CSFs are not the same and the impact of 

contextual factors between EIS projects also varies. This research provides a possible 

explanation for the differences in the published rankings of CSFs. As a result of this 
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research, there is evidence that contextual factors (project characteristics and 

organizational factors) can impact CSFs and that the role of contextual factors may not 

be the same for different types of EIS projects. While the mechanisms by which 

contextual factors act on CSFs is still not clear, this research has taken an important step 

towards developing a deeper understanding of the importance of complexity in 

managing EIS projects. 
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Appendix A: Combined EHR and ERP Data Scatterplots: 
 

1. Early Adopter/Super-user CSF versus contextual factors 

 
 # Employees     Informal Power 
 

 
 Project Manager Experience   SystemType (ERP or EHR) 

 
 Implementation #    Geographic Dispersion 
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 Multifunctional Team    Number of Departments 

 
 Duration     Number of Modules 

 
 Customization Level    % Staff Disrupted 
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 # Sites Implemented    Computer Literacy 

 

2. Change Management CSF versus contextual factors 

 
 # Employees     # Sites Implemented 

 
 Informal Power    Project Manager Experience 
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 Implementation Number   System Type (ERP or EHR) 

 
 Multifunctional Team    # Departments on Team 

 
 Project Duration    Number of Modules  
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 Customization Level    Geographic Dispersion 

 

 
 % Staff Disrupted    Computer Literacy 
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3. Problem Resolution Process CSF versus contextual factors 

 
 Number of Employees   Number of Sites Implemented 
 
 

 
 Informal Power    Project Manager Experience 

 
 Implementation Number   System Type (ERP or EHR) 
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 Multifunctional Team    # Departments on Team 

 
 Customization Level    Number of Modules 

 
 Project Duration    % of Staff Disrupted 
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 Geographic Dispersion   Computer Literacy 
 
 

4. Project Team Composition and Competence CSF versus contextual factors 

 
 Number of Employees   # of Sites Implemented 
 
 

 
 Informal Power    Project Manger Experience 
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 System Type (ERP or EHR)   Implementation Number 

 
 Multifunctional Team    # of Departments on Team 

 
 Customization Level    # Modules Installed 
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 Project Duration    % Staff Disrupted 

 
 Computer Literacy    Geographic Dispersion 
 
 

5. Training/User Support versus contextual factors 

 
 Number of Employees   # Sites Implemented 
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 Informal Power    Project Manager Experience 

 
 Implementation Number   System Type (ERP or EHR) 

 
 Multifunctional Team    # Departments on Team 
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 Customization Level    # Modules Implemented 

 
 Project Duration    % Staff Disrupted 
 

 
 Computer Literacy    Geographic Dispersion 
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6. Top Management Support CSF versus contextual factors 

 
 Number of Employees   # Sites Implemented 
 
 

 
 Informal Power    Project Manager Experience 
 

 
 Implementation Number   System Type (ERP or EHR) 
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 Multifunctional Team    # Departments on Team 

 
 Customization Level    # Modules Implemented 

 
 Project Duration    % Staff Disrupted 
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 Computer Literacy    Geographic Dispersion 
 

7. Communication CSF versus contextual factors 

 
 Number of Employees   # Sites Implemented 

 
 Informal Power    Project Manager Experience 
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 Implementation Number   System Type (ERP or EHR) 
 

 
 Multifunctional Team    # Departments on Team 
 

 
 Customization Level    # Modules Implemented 
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 Project Duration    % Staff Disrupted 
 

 
 Computer Literacy    Geographic Dispersion 

 
8. Project Champion CSF versus contextual factors 

 

 
 Number of Employees   # Sites Implemented 
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 Informal Power    Project Manager Experience 
 

 
 Implementation Number   System Type (ERP or EHR) 
 

 
 Multifunctional Team    # Departments on Team 
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 Customization Level    # Modules Implemented 
 
 

 
 Project Duration    % Staff Disrupted 
 

 
 Computer Literacy    Geographic Dispersion 
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Dependent Variables QQ Plots – ERP Only 

 Top Management Support   Transition Management 

 
 Business Process Reengineering  Communication 

 
 Training/User Support   End User Involvement 
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 Project Team Composition   Project Team Competence & Coord 

 
 Clear Management Objectives  Business Plan/Vision 

 
Project Champion    Information System Selection 
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 Project Management    External Consultants 

 
 Problem Resolution Process   Change Management  

 
 Early Adopter/Super-user 
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Appendix B: On-line Survey 
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Appendix C: IRB Documentation 
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Protocol sections 
 

 
1. Brief Description:  The main objective of this project is to evaluate the link 

between project complexity, defined as contextual factors and project 
characteristics, and critical success factors (CSF’s). The findings from this 
investigation are aimed at understanding what relationship, if any, exists 
between project complexity and project CSF’s. This evaluation will help 
determine if there are ways to improve the success rate of complex projects 
such as Enterprise Resource Planning (ERP) or Electronic Health Record (EHR) 
projects through the understanding of this relationship. Understanding how 
organizational contextual factors and project characteristics impact the project 
CSFs, can be useful in planning and prioritizing which areas management should 
focus their attention. Ultimately, findings from this study may be helpful for 
organizations, implementing ERPs or EHRs, in their efforts to have a successful 
and efficient implementation. 

 
2. Background and Significance:  Critical success factors and complexity have been 

widely researched separately; however, the relationship between these two has 
not been fully researched. Project context and characteristics impact the 
complexity of the project; however, there is insufficient empirical (evidence) 
study of these variables being systematically assessed simultaneously in relation 
to their impact on the project CSFs. This research contributes to the body of 
knowledge by studying this relationship as the complexity components change, 
using real projects. The impact of project contextual factors as well as project 
characteristics will be included in the investigation. 

 

This research focuses on understanding the large failure rate of complex 
projects, specifically ERP and the extension to EHR. It became important to 
understand what caused failure in these types of projects because failure was all 
encompassing. Project characteristics and contextual factors, two of the areas 
mentioned by researchers as impacting project failure, have not been widely 
investigated. Along with this, the relationship implied between critical success 
factors and complexity has also been understudied. If a relationship could be 
identified, it would be important to both researchers and practitioners. 

 

The specific project types to be studied in this research are ERP and EHR 
implementations. These are complex implementations resulting from issues 
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related to the information system implementation as well as changes in 
organizational processes. These projects typically have a large cost, a long 
timeframe, and a high failure rate. Such projects change the way that work is 
done in the organization and include a monitoring capability that gives visibility 
of everyone’s actions to the organization. Rather than impacting minimal 
numbers of people, these projects can impact a majority of the organization and 
require change management to gain acceptance for successful implementation.  

 

3. Methods and Procedures:   
 

3.1. Participant Selection 

Project managers, vendor project managers, service provider managers or 
consulting managers who have or will complete an ERP or an EHR project 
within 6 months will be asked to complete the survey or to participate in an 
interview. Participants will be self-selected by choosing to complete the 
survey on-line or to participate in the interview.  

3.2. Scheduling Surveys and Interviews 
The web page will open with a cover letter which will be the waiver of 
informed consent. The cover letter will provide information about the study, 
participant rights, confidentiality information, instructions for completing the 
survey, and contact information for the principal investigator, student 
researcher, and the IRB.  Upon reading the cover letter, participants can 
decide whether or not they wish to fill out the survey. To signify that they 
agree to participate in the survey, each participant will be asked to provide 
their email address. The survey should take no longer than 10 minutes to 
complete. Participants may choose to complete the survey immediately upon 
opening it or can return to complete the survey at another time.  
 
Interviews will be requested by calling offices and setting up appointments or 
talking to a person immediately if scheduling permits. 

3.3. Survey and Interview Questions 

All information collected through the survey and the interview will be 
recorded in an on-line database.  The survey is included in Appendix A. The 
interview will include the survey questions plus a limited number of 
additional questions and clarifications. 
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3.4. Analysis plan 

The analysis of survey and interview data will begin by linking each response data set 
with a subject number. The subject number will be assigned based on the type of 
project manager (internal or consulting). The electronic data sets will not include the 
names of participants or their specific organizations. Identification of the individual 
project managers within the two types is not necessary for the analysis being done. As a 
result, there will be no name tying a particular participant to a response data set. The 
name of the individual will be connected with the data set only if they produce an 
outlier in the results and warrant an interview. The company or participant name will 
not be used in any documentation produced from this research. 

 

4. Risks/Benefit Assessment: 
4.1 Risks 

We do not believe there are any discernible risks to those individuals who 
participate in the study. 
4.2 Benefit Assessment  

We do not believe there are any direct benefits to those individuals who 
participate in the study. No names or other identifying titles will be used in 
the data summaries.  In addition, findings will be summarized in general 
terms. We believe that the findings of the combined set of analyses will be 
beneficial. 

4.3 Conclusion 
We do not believe there are any discernible risks or benefits to the 
participants in this research. 

  

5. Participant Population:  The approximate number of participants to be recruited 
over the life of the study will be 
200 project or consulting managers.  The population is not restricted to any 
gender or ethnic group. The only requirement for participation is that the 
participant is/was the project manager either as an internal employee or a 
consultant for an ERP or EHR project completed within six months of survey 
administration.   
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6. Subject Identification and Recruitment: The survey participants will be self-
identified by responding to notification of the survey on a society website such 
as that of the PMI or AIAA society, or from receipt of a telephone call soliciting 
response to a government office, government contractor, vendor or service 
provider (including consultant) offices. Other participants 
may hear about it from an email sent to a consulting organization or a website 
for prior employees of a consulting organization. It is planned that the request 
will give the website where the survey can be found with the introduction shown 
in Appendix B.  

 

Using the sources listed above, participants may be requested to participate in a 
telephone interview. The questions are those listed in Appendix B for the survey, 
plus those additional questions attached specifically for either ERP or EHR.  

 
7. Compensation:  There is no compensation for any individual participating in the 

study. Access to summarized survey response data will be made available. 
 
8. Informed Consent Process:  Participation in all aspects of this research is 

voluntary. Informed consent will be 
obtained for the respondent’s cooperation in completing the survey, after 
reading the cover letter by the participants adding their name and email address 
to the bottom of the cover letter. Project manager informed consent signatures 
will not be requested, but they can print out the cover letter for their files if they 
are interested in the contact details. Adding their name and email address 
denotes informed consent to participate in this research. 
 
For telephone interview participants, their agreement to participate after 
hearing the introduction to the research is their informed consent. There will be 
no documentation other than their results. 

 

9. Anonymity or Confidentiality: Individual names and email addresses will be 
included in the survey only to 
simplify contact of participants for Phase 2 of the research. Phase 2 will include 
interviews with participants whose data are considered outliers.  The name and 
email address of the participant will be stored in a separate file than the data to 
be analyzed.  The other personal information that will be collected includes; job 
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title, department, number of years in project management, and number of years 
that the project manager has performed similar information system 
implementations. Since the contact information will not be included, there is no 
risk to confidentiality for the summarized information. This particular 
information will be used in the analysis to evaluate correlations between the 
experience of the project manager and critical success factors, The name and 
email address information will be linked to the survey data through the use of a 
subject number so that the particular participant can be interviewed in Phase 2 
of the research. Electronic documents will be stored on the network drive of the 
PIs; however, these documents will not contain participant email addresses.  In 
accordance with regulations, documents will be securely stored in this manner 
during the study and for three years post-study termination. 

The Phase 2 will be done concurrently with Phase I for the interviewed 
participants. This will result in the number of participants in Phase 2 being 
enlarged. 

 

10. Attachments: 
 

Appendix 1: Survey template 
Appendix 2: Posting explanation 
Appendix 3:Cover letter 
Appendix 4: Additional Questions specific to ERP and EHR 
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EHR Questions 

What services do you supply to the local physicians / medical groups / hospitals? 
Please define tasks if not obvious. Define how the training is done, on-site, train the 
trainer or web based group training. 
Service Type (a)(1-1 on site); (b)(Train the trainer ); (c)(via web to group)  
EHR Readiness Assessment 
Selecting an EHR / Contracting with Vendor 
Work Flow Design / Redesign 
Education and Outreach to Providers 
Training 
National Learning Consortium Training 
Implementation Support 
Project Management 
IT Support 
Interoperability 
Local Workforce Support 
HIE (Health Information Exchange) 
Best Practices 
Privacy 
Security 
Are there any other services not mentioned, that you offer to the local 
physicians/medical groups/hospitals? Could you describe them? 
How long did it take from the project start (including system selection) until system 
implementation and training was completed (in months)? 
Please describe the details of this particular implementation: is it at a  
physician/medical group/hospital: 
(a)   Number of locations? 
(b)   # of physicians total? 
(c)    # of office/hospital staff total (Drs. plus others)? 
(d)    Is their office/hospital urban, rural, critical access or other? If other please 
define. 
(e)    How would you rate their computer literacy, on a scale of 1-5 where 1 is 
computer illiterate and 5 is computer savvy, with 3 being the office can use it to get 
things done, but nothing more complicated than the basics? 
Are there any CSFs that were important in this implementation that were not 
mentioned? 
Were all users and departments involved in the decision making or in planning the 
implementation from the beginning? (Y or N) 
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What industry is the organization (undergoing ERP implementation) in? 
What area of the implementation was the most important/difficult? 

Which level of the organization directly or indirectly created the most difficulties? 
Your organization is_________? 
What is your position type: government contractor, grant from government, 
consultant (objective), consultant (tied to vendor), software vendor or other? Please 
define. 

 

ERP Questions 
Are there any CSFs that were important in this implementation that were not 
mentioned? 
Were all users and departments involved in the decision making or in planning the 
implementation from the beginning? (Y or N) 

What industry is the organization (undergoing ERP implementation) in? 

Select one item from each pair of factors, identifying the item that created a larger 
mental workload for the organization undergoing implementation. 

(a) Multiple or concurrent project tasks / (b) Project uncertainty [a or b] 
(b) Project uncertainty  / (c) Changes to plans [b or c] 

(c) Changes to plans / (d) Compressed work schedules and high workload [c or d] 

(a) Multiple or concurrent project tasks / (c) Changes to plans [a or c] 

(b) Project uncertainty / (d) Compressed work schedules and high workload [b or d] 
(a) Multiple or concurrent project tasks / (d) Compressed work schedules and high 
workload [a or d] 

What area of the implementation was the most important/difficult? 

Which level of the organization directly or indirectly created the most difficulties? 
Your organization type is: SW/Consultant/Org getting SW? 
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