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ABSTRACT
Geographic information system (GIS) managers must both consider a project’s technical requirements and avoid or overcome managerial problems to succeed. In this study, efforts for 101 GIS projects are categorized into the geographic information systems and technology (GIS&T) body of knowledge. Technical integration of more numerous GIS&T knowledge areas result in projects failing less often. Also, projects using some emergent GIS&T knowledge areas can be twice as failure-prone as others. Managerial problems within projects are also classified into the project management (PM) body of knowledge. Projects with problems in more numerous PM knowledge areas are more likely to fail. Issues in core and integrative knowledge areas, especially scope, cost, and time, are more often associated with failed projects.  Cross-discipline knowledge matrices show GIS projects fail most often if core PM knowledge area issues arise with data-centric efforts. Problems with managerial integration, on the other hand, most often leads to failureof projects with a people-centric component.
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INTRODUCTION
To succeed, a geographic information system (GIS) project must exhibit competence in one or more field of geospatial technology and be properly managed. Failures of GIS projects, therefore, can occur for one of two reasons. The first is that a geotechnical discipline or combination of disciplines is not well understood, integrated, or utilized from a technical standpoint. The second is that problems arise in one or some combination of managerial areas of responsibility.

This distinction underscores important differences between roles and responsibilities of a non-managerial geospatial professional and a manager of such geospatial professionals. A competent geospatial professional may chose to occupy a very specialized technical niche during her entire career. Ideally, she would be used as a resource on a project which required expertise in her specific discipline. The manager, on the other hand, is expected to have a high level of competence with all areas of knowledge related to managing a project. 

Whether one suffices or all are necessary, both fields recognize the importance of inventorying areas of knowledge into a comprehensive “body of knowledge” (BoK).  BoKs have recently been documented in numerous disciplines, including civil engineering (The Body of Knowledge Committee 2008), software engineering (Abran et al. 2001), software quality measurement (Schneidewind 2002), enterprise architecture (Hagan 2004), configuration management (The Configuration Management Community 2009), and business analysis (Brennan 2000). In addition to serving as inventories of skills and knowledge, these BoKs can be used for endeavors important to the health and development of a profession or organization, including certification, accreditation, strategic planning, and curriculum development.

The geographic information system and technology (GIS&T) BoK (DiBiase et al. 2006) is organized in a strongly hierarchical fashion. At the highest level are the ten “knowledge areas” listed below:

· Analytical Methods

· Conceptual Foundations

· Cartography and Visualization

· Design Aspects

· Data Modeling

· Data Manipulation

· Geocomputation

· Geospatial Data

· GIS&T and Society

· Organizational & Institutional Aspects

At the level beneath are a total of seventy-three “units”, with the number of units per knowledge area varying from three to twelve. The level beneath units includes the most detailed “topics,” with the number of topics per unit varying from two to nine. Details of all knowledge areas, units and topics can be found at <http://www.aag.org/bok/AAGKnowledge_Flyer.pdf>.

Given this detailed framework, it is possible for an individual familiar with the GIS industry to look at a description of a geospatial project and identify which GIS&T knowledge areas are required to meet its geotechnical needs. Geospatial projects may use specialized knowledge from a combination of any or all of these knowledge areas, or might require expertise from only one specific topic of one particular unit of a single knowledge area. No previous studies have explored the questions of whether projects which deal with particular GIS&T knowledge areas, or a combination of numerous knowledge areas, are more failure-prone.

The project management (PM) BoK does not have as detailed a hierarchy, but does organize knowledge areas at a higher level into three categories called “functions” (Project Management Institute 2004). These functions are core, facilitating, and integrative. The latter consists of only one knowledge area, project integration management, which integrates managerial components from all other PM knowledge areas. The functions and their underlying knowledge areas are listed below:

· Core functions

· Time

· Scope

· Cost

· Quality

· Facilitating functions

· Human resources

· Communication

· Risk

· Procurement

· Integrative functions

· Project integration

Beneath the knowledge area level, there is not a more detailed structural breakdown. Instead, these knowledge areas are discussed in terms of specific tools, techniques, methodologies, best practices, etc. which may be utilized to ensure project success (Project Management Institute 2004, Schwalbe 2009).

Unlike GIS professionals and their choice of career foci within the GIS&T knowledge areas, project managers are expected to have a good working knowledge of all PM knowledge areas to achieve project success. It would be fruitless, therefore, to discuss which PM knowledge areas come into play in managing a certain project, as all should. It is possible, however, to note in which PM knowledge areas problems most frequently arise, how these issues are interrelated, and which are most frequently associated with failed projects. Many project management studies focus on how to best achieve success in one or more knowledge area, such as quality (e.g. Futrell et al. 2001;Crosby 1979) or risk (e.g. Raz and Michael 2001; Wideman 1992). This study looks at a number of successful and failure-prone projects, documents within which knowledge areas problems arise, and identifies trends in successful and failed projects associated with these issues.

This study evaluates a series of reports on geospatial projects written by professionals working predominantly in the GIS&T discipline. It identifies which GIS&T knowledge areas are involved, and makes judgment on which PM knowledge areas had issues. Projects are deemed as either a success or failure-prone, based on opinions of the reporters and this study’s author. This paper then determines the relationship between GIS project failures and their associated knowledge areas.

The specific objectives are to determine whether projects of this study are more often failure-prone if they:

1) Do not understand or properly utilize geospatial technology

2) Integrate more numerous GIS&T knowledge areas

3) Include particular GIS&T knowledge areas

4) Experience problems in more numerous PM knowledge areas

5) Experience problems in particular PM knowledge areas

6) Experience problems with certain pair-wise combinations of PM functions 

7) Include particular types of GIS&T knowledge areas summarized to general categories which experience problems in particular PM functions 

METHODOLOGY

To understand the importance of BoKs to project success, this study reviewed project reports written for a geospatial technology project management course required in a professional master’s of GIS program. Nearly all students who took this course were professionals currently working in GIS&T or related fields. Students were required to write a 3 – 5 page paper which discusses the fit of a geospatial project, preferably one to which they have contributed, to an organization. Students were asked to describe the project as well as the organization’s vision and structure. They were also asked to comment on their impressions of the project’s success.

Of the 101 projects reported in these studies, 95% reported on geospatial projects, and 96% reported on projects in which the author participated. 78% reported on projects which they deemed unqualified successes. Of the remainder, 9% were considered failures, 8% had significant pitfalls, 3% were uncertain of success, and 2% were pending. 

To simplify analysis, projects were broken into two classes. The first class is “failure-prone” projects, which includes failures, ones with significant pitfalls, and ones of uncertain outcomes. Projects with significant pitfalls, although sometimes deemed successful by students, generally had such severe issues that their scope or quality was seriously compromised. Projects of uncertain success were generally so poorly scoped that the student or instructor could not evaluate whether the project objectives were met. The second class is “successful” projects, which includes all 78 projects deemed by students and the instructor as successful. The two pending projects are not included in the analysis.

It should be noted that this definition of failure-prone in this report is different than that of project failure used for determining failure rates the oft-cited “Chaos Reports” of 1995 and 2004 (The Standish Group). Using data collected from surveys, interviews and focus groups, projects were assigned to three categories based on measures of cost and time overruns, as well an assessment of content deficiencies (The Standish Group, 1995). In the 2004 report, 18% of projects failed, 53% were challenged, and 29% succeeded. Although this study deals specifically with GIS&T projects as opposed to management and information systems projects (as reported by The Standish Group) and qualitatively assigns projects to categories, a similar trend emerged. In this study, 20% of projects were failure-prone, 58% experienced at least one problem but were deemed successful, 20% were successes without any reported issues, and 2% were pending. 

Students were not required to discuss how components of their project fit into the GIS&T BoK, or which knowledge areas in the PM BoK had issues. Instead, the instructor reviewed all reports and mapped student discussion to these BoKs. For the GIS&T BoK, this was a fairly straightforward decision regarding which specific units were discussed, and to which knowledge areas these units belonged. For the PM BoK, students were asked to give their impressions of the manner in which the project was managed. As such, reports on both failure-prone and successful projects had a very strong tendency (80% of reports) to focus on what went wrong. From these reports, the instructor made interpretations regarding which PM knowledge areas had problems which led to the demise of failure-prone projects, and which were of concern to successful projects. In both the GIS&T and PM BoKs, projects and their problems could be assigned to multiple units and knowledge areas respectively, if deemed appropriate. 

This study identifies the GIS&T knowledge areas most frequently associated with failure-prone projects, as well as the PM knowledge areas in which issues arise that are most often associated with failure-prone projects. As issues in more than one project management knowledge area predictably leads to a higher failure rates, pair-wise combinations of these knowledge areas are also compared to see which combinations of problems led most frequently to failure. This study additionally makes pair-wise comparisons between the two BoKs. In this study, the analysis is limited to the six GIS&T BoK knowledge areas which are paired most frequently with problems in PM knowledge areas, and represent more than 95% of all such pairings. 

Given six GIS&T and all nine PM knowledge areas, a total of 56 pair-wise comparisons can be made between the two BoKs in this study (e.g. a project requiring specific knowledge of “Geospatial Data” which has problems with “scope”).  Although these pair-wise comparisons are shown in this study, it is also beneficial to summarize knowledge areas into more general classes for higher level discussion. Although the PM BoK is classified into the three higher level functions mentioned previously (core, facilitating, and integrative), no similar classification exists for the GIS&T BoK. By looking in detail at the GIS&T topics and units discussed in these reports, however, the author developed a summary classification of GIS&T knowledge areas specific to this study. 

The six GIS&T knowledge areas most frequently associated with problems in PM knowledge areas are categorized into the following three “summary categories”:
· Data-centric

· Analytical Methods

· Data Modeling

· Mixed

· Design Aspect

· Geospatial Data

· People-centric

· GIS&T and Society

· Organizational and Institutional Aspects

The “data-centric” category is comprised of knowledge areas within which high degrees of technical skills are deemed more critical than interpersonal skills to effectively achieve objectives. On the opposite end of the spectrum are the more “people-centric” knowledge areas, which focus more on interpersonal and communication skills. These tend to be projects related to the intramural and intermural workings of organizations or partnerships between organizations and/or the public. Intermediate to these two categories, “mixed” knowledge areas tended to utilize various combinations of people-centric and data-centric skills. These projects often involve larger teams of individuals working with geospatial data or design. 

It is important to note that all three of these categories are customized to reports submitted for this study, and not necessarily a generalization that can be applied to all GIS&T projects. For example, when mapped to the unit level, “Geospatial Data” projects in this study include a number of “Digitization” efforts, a famously solitary data-centric geospatial activity. More reports in this knowledge area, however, were assigned to the units of “Aerial Imaging” and “Field Data”, two tasks requiring the integration of and communication among numerous team members with diverse geotechnical skill sets.
RESULTS

One result of this study is that reports are much more likely to discuss project management issues which lead to problems or failure as opposed to geotechnical issues. While 80% of reports discussed some management issue, only 9% reported technical issues of significance. Of those reporting technical issues, however, six of nine were associated with failure-prone projects.
GIS&T BoK
The bar graph in Figure 1 shows an average of 2.3 GIS&T knowledge areas are incorporated into a project, with a range from zero to five. Also of note is that 80% of geospatial projects technically integrate two or more units from different knowledge areas of the GIS&T BoK to achieve desired objectives. It should be noted that three non-spatial projects were able to be classified in the GIS&T BoK due to the overlap of GIS&T with related fields such as information technology, resulting in only two projects not being able to be assigned to at least one knowledge area. 
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 Figure 1: Graph of the number of units in unique GIS&T knowledge area reported as part of successful and failure-projects. The bar graph indicates the total number of projects, as well as number of successful and failure-prone projects. The line graph displays the percentage of failure-prone projects. Projects incorporating more numerous GIS&T knowledge areas are less often failure-prone.

The line graph in Figure 1 shows the percentage of failures which occurred for projects containing various numbers of GIS&T knowledge areas. The line’s trend indicates that projects which combine more numerous GIS&T knowledge areas are less often failure-prone. This is also reflected in the average number (X) of GIS&T knowledge areas discussed in successful projects (X=2.2) as compared to failure-prone projects (X=2.0).
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Figure 2: Pareto chart of the GIS&T knowledge areas reported as components of successful and failure-prone projects. The bar graph indicates the total number of projects, as well as number of successful and failure-prone projects. The line graph displays the percentage of failure-prone projects.

The bar graph in Figure 2 shows the frequency with which GIS&T knowledge areas were reported as part of successful and failure-prone projects. In examining this graph, it is important to keep in mind that multiple knowledge areas can contribute to a single project, and that projects that incorporated more knowledge areas were more often successful (from Figure 1). Thus while the overall project failure rate is 20%, the occurrence of a GIS&T knowledge area in a failure-prone project is on average lower at 17%.

The most frequently discussed knowledge areas are likely a reflection of the interests of and type of work done by students in the master’s program. The first two most frequently cited knowledge areas are represented in a majority of the projects, with another significant break occurring after the first five most frequently cited knowledge areas. In fact, the top two knowledge areas account for 50% of GIS&T units cited in reports, while the top five knowledge areas account for 90% of references. Two GIS&T knowledge areas, “Conceptual Foundations” and “Geocomputation” are not discussed as part of any projects in this study. 

The line graph in Figure 2 reflects the percentage of failure-prone projects in each GIS&T knowledge area. The line is dashed for the five most commonly referenced knowledge areas (each comprised of twenty or more examples), and dotted for the four least commonly referenced knowledge areas (each comprised of seven or less examples). While on average a knowledge area was part of a failed project 17% of the time, knowledge areas included in twenty or more projects had failure rates between 12% and 24% (for those including “Geospatial Data” and “GIS&T and Society,” respectively). This range was much broader for knowledge areas shown as a dotted line, with failure rates varying between 0% (“Cartography and Visualization”) and 57% (“Data Modeling”). This increase in range is most likely the result of the latter knowledge areas being underrepresented in this study.

PM BoK
The bar graph in Figure 3 indicate that for the PM BoK, problems occurred in an average of 1.2 knowledge areas per project, with a range from 0 (no problems discussed regarding a successful project) to 3 (three different issues related to three unique project management knowledge areas). The line graph in Figure 3 clearly shows that projects reporting issues in multiple PM knowledge areas are more often prone to failure, as might be predicted. This is also apparent in the large disparity between the average number (X) of knowledge areas experiencing problems discussed in reports on successful projects (X=1.1) and reports on failure-prone projects (X=2.0). 
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Figure 3: Graph of the number of PM knowledge areas with issues reported as part of successful and failure-prone projects.  The bar graph indicates the total number of projects, as well as number of successful and failure-prone projects. The line graph displays the percentage of failure-prone projects. Projects with more numerous problems in PM knowledge areas are more often failure-prone.

The bar graph in Figure 4 shows frequency with which issues in various PM knowledge areas were reported as part of successful and failure-prone projects. It is apparent that problems can and do often arise in all nine PM knowledge areas, based on the relatively equitable distribution shown in Figure 4. Ignoring the “None” category, it takes the top five categories to account for 50% of the knowledge areas with issues, and the top eight categories to account for 90%.

The line graph in Figure 4 indicates that problems in some PM knowledge areas are more frequently associated with failure-prone projects than others. Topping the areas in which problems most frequently lead to project failure are those associated with “Time.” When such issues arise, 62% of projects failed. Problems least often associated with failed projects occur in “Procurement,” a facilitating functions of project management.
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Figure 4: Pareto chart of the PM knowledge areas reported as problematic in successful and failure-prone projects. The bar graph indicates the total number of projects, as well as number of successful and failure-prone projects. The line graph displays the percentage of failure-prone projects.

The problem with reading too much into Figure 4 is that most failure-prone projects experienced issues in more than one knowledge area of project management. In fact, Figure 3 indicates that projects with issues in two or more PM knowledge areas fail more than 40% of the time. To address issues which arise in various combinations of PM knowledge areas, pair-wise comparisons are made of problems in all combinations of PM knowledge areas. These are generalized to the function level of the PM BoK to provide a more general summary of results.
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Figure 5: Pareto chart of pair-wise combinations of PM knowledge areas reported as problematic in successful and failure-prone projects. The bar graph indicates the total number of projects, as well as number of successful and failure-prone projects. The line graph displays the percentage of failure-prone projects.

Figure 5 shows the project management functions associated with pair-wise comparisons issues in PM knowledge areas for successful and failure-prone projects. The bar graph shows the number and breakdown of successful and failure-prone projects. The line graph shows the percentage of failure-prone projects. The detrimental nature of issues which arise in core or integrative knowledge areas is apparent. Projects with “Core-Core” issues are nearly twice as likely to fail as succeed.  Additionally, any issue in a core or integrative knowledge areas occurring in conjunction with a problem any other knowledge area results in a failure rate of at least 50%.  This can be contrasted sharply with projects which have problems within “Facilitating-Facilitating” functions. None of these projects ended in failure.
Cross-Discipline Knowledge Matrices
Each problem which arises in a specific PM knowledge area can also be associated with at least one specific GIS&T knowledge area for the projects in this study. By looking at these cross-discipline pair-wise relationships and mapping results to a knowledge matrix, it is possible to see if failure-prone projects using certain GIS&T knowledge areas are more often associated with problems which arise in certain PM knowledge areas.
Figure 6 shows percentage of failure-prone projects for all such combinations, and includes failure rates of individual pairings (Figure 6(L)) and these pairings summarized to PM functions and GIS&T summary categories (Figure 6(R)). Individual pairings show a complex pattern of 
project failure, with failure rates ranging from 100% for the two black grid cells to 0% for the fifteen white grid cells. No successful or failure-prone projects were mapped to the three grid cells displayed with a stippled pattern. 
By summarizing failure rate to the more encompassing regions defined by PM functions and GIS&T summary categories, more generalized patterns emerge. Results indicate for projects with all categories of GIS&T components, failure occurs more often if problems occur in core (vs. facilitating) PM knowledge areas. This is especially prevalent for projects with a data-centric component, which fail nearly twice as frequently if issues arise in core knowledge areas as compared to the facilitating knowledge areas. Additionally, issues in project management 
[image: image6.png]Qualiy .
/5-100
Cost
Scope
P 50-74
Integration 25749
Commun
1-24
H.R.
: 0
Risk
7
Procure. //
No Project
@
o
S 7
©) ,boé,’

Core

Facilitating





Figure 6: Knowledge matrix showing pair-wise connections between PM and GIS&T knowledge areas and percentage failure of such projects. The matrix to the left (L) displays pair-wise connections for individual knowledge areas. The generalized matrix to the right (R) displays PM knowledge areas aggregated to functions and GIS&T knowledge areas combined based on summary categories defined for this study. 

integration led to no failures of data-centric projects, but were associated with failure-prone people-centric projects 63% of the time. 

DISCUSSION

From the results of this study, it is possible to make generalizations of specific concerns of which project managers should be especially aware to achieve project success. Concerns regarding the GIS&T BoK tend to be most applicable during the planning phase of the project life cycle, while those related to the PM BoK are more associated with problems that arise during the implementation phase.

To begin on a high note, project managers should continue to do what they appear to plan and do well – successfully utilize and integrate geospatial technology, often from multiple knowledge areas of the GIS&T BoK. This study indicates that most projects do not fail for technical reasons, and that projects which incorporate more GIS&T knowledge areas fail less often (Figure 1). 
The low percentage (9%) of GIS&T projects with significant geotechnical issues merits discussion regarding the potentially fuzzy boundary between geotechnical problems and project management issues. As an example, two reports in this study indicated that using volunteers to collect data led to technical issues with the resulting datasets. Although this could be considered a geotechnical issue, this study classified the problem as a human resources issue. In other words, with proper training or more experienced personnel, the issues discussed would not likely have occurred. It could also be argued that this is a cost issue, in that if funding existed volunteer data collection may not have been utilized. In one of these examples, however, it was very much the intent of the project to involve the community in this function to raise awareness of the project’s objectives. Thus in this study if, in the author’s estimate, some reasonable amount of training, resource, equipment, time or money could have easily eliminated a relatively minor geotechnical issue, the problem was categorized as a project management issue instead of a geospatial technology issue.
Although exploring the reasons that projects which incorporate more numerous GIS&T bodies of knowledge have lower failure rates (Figure 1) is beyond the scope of the project, this may simply be a reflection of the necessary geotechnical complexity of achieving desirable project objectives. A detailed look at the dozen projects utilizing four or five GIS&T knowledge areas indicates that contributions from all GIS&T knowledge areas cited seem essential to achieving the desired outcomes. The geotechnical needs to achieve the project’s objectives alone do and should continue to define how many and which GIS&T knowledge areas included in a project.

The project manager should also keep in mind during the planning phase that projects that include some GIS&T knowledge areas can be twice as likely to fail as others (Figure 2). One reason for this variation may be the relative maturity of the knowledge area within the GIS&T discipline. For example, projects using a unit of the “Geospatial Data” knowledge area failed only 12% of the time. In this study’s projects, this knowledge area included such well-established BoK units as “Digitization”, “Aerial Imaging and Photogrammetry”, “Field Data Collection”, and “Land Surveying”. In contrast, projects using some aspect of “GIS&T and Society” failed 24% of the time. In these projects, this knowledge area included more evolving units with increased utility and complexity in the digital age, such as “Dissemination of Geospatial Information” and “Use of Geospatial Information in the Public Sector.”
Once a project is implemented, the project manager should be aware of and address problems that arise in the PM knowledge areas. An increase in the number of problems encountered by a project in these different knowledge areas leads to more frequent failures (Figure 3). Moving from one problem to two seems to be an especially worrisome benchmark, as failure rates in this study more than tripled. 

Using the average project failure rate in this study of 20% as a cutoff, project managers should be most concerned if a problem arises in a specific six of the nine PM knowledge areas (Figure 4). The most common issue is not having enough time to complete the desired work. In addition, issues with cost and scope are often associated with failed projects. These three define the “triple constraint” of any project; in the implementation phase it is impossible to adjust one without influencing the other two (Schwalbe, 2009).

Project managers should also show particular concern for problems arising in the PM knowledge area of risk. In this study, problems in this knowledge area often related back directly and interconnected with problems with geospatial technology. For example, three projects using “Analytical Methods” in the units of “Analysis of Surfaces”, “Data Mining”, and “Network Analysis” failed when problems associated with technical risk arose. In each case, the project represented a first foray of an organization into a project requiring knowledge from these highly technical units of the GIS&T BoK.

Project managers must also be concerned with any people-centric issues of communication which arise. In more than half of the projects reporting a communication problem, this is the only issue reported. The skills and knowledge required by a project manager to ensure such issues do not derail a project are different but equally important to technical knowledge to ensure that geotechnical risk will not lead to failure.

The only core knowledge area with failure rates less than the 20% cutoff is quality. This could indicate that project managers have a good handle on quality planning, assurance, and control. Alternatively, it could mean that quality management is not frequently utilized in geospatial projects and presents an opportunity for obtaining a competitive edge from a management perspective.  Of the eight reports identifying issues in quality, most were discussed only during the implementation stage of the project. Only two indicated that quality was considered during early stages (i.e. planning) of the project life cycle. In these two cases, the authors specifically discussed their company’s quality assurance/quality control plans. In another project without quality problems, the author specifically referenced quality standards, in this case the International Organization for Standardization quality management system used by his organization (ISO 9001:2000).  It should be noted, however, that like risk, the relatively low number of reported quality issues may mean that it is not worthwhile over-interpreting this low failure rate.

Project managers should be aware that while one significant problem in a project is often manageable, two or more problems from different PM knowledge areas greatly increase rates of project failure (Figure 5). Core functions are appropriately named, as a combination of issues in a core function and any other function more often than not let to project failure. Of nearly equal importance, however, are combinations of issues that arise which include the integrative function. If not properly integrated into an overall management plan, even an additional problem with a facilitating function (such as having a team member assigned to a different project (which is here classified as a human resource issue) or having newly procured equipment not being delivered on time) lead to failure a majority of the time. The least worrisome combination of problems includes those that occur in two knowledge areas in the facilitating functions. Although such combinations of issues lead to no project failures in this study, it is worth noting that workers on such projects find these problems noteworthy enough to include in reports, in some cases written years after the project has been completed.

In addition to understanding that problems in certain PM knowledge areas or combinations of areas can lead to failure, the project manager should be aware of trends when issues in particular project management knowledge areas arise in certain GIS&T knowledge areas (Figure 6). One trend is that problems in core knowledge areas are always associated with higher percentages of failures than problems in facilitating knowledge areas, whether the GIS&T knowledge areas being utilized are people-centric, mixed, or data-centric (Figure 6(R)). The GIS&T summary category associated with the strikingly largest difference, however, is data-centric. Projects with data-centric components are nearly twice as likely to fail from a problem arising in a core knowledge area when compared to a problem in a facilitating knowledge area. To illustrate with a simple project example, an individual doing a terrain intervisibility study may experience failure if the area (scope) is poorly defined, or there is not enough time or funding to complete the work. He may only experience a relatively minor setback, however, if the methodology is poorly communicated.
In contrast, people-centric projects have only slightly higher failure rates (25% vs. 20%) when problems arise in the core rather than the facilitating knowledge areas (Figure 6(R). Problems found most critical to people-centric projects are those that occur in the integrative project management function. Such issues are associated with project failures more than twice as frequently as problems in either of the other two PM functions. To illustrate, a project manager may select a well qualified geodatabase administrator to update software, understanding the human resources needs of a project. Additionally, the manager may have allocated adequate time for the update to occur. If, however, the update is scheduled at a time that the database administrator is unavailable, this could present a problem with project integration management that could ultimately lead to project failure.

This latter example underscores the difference between geospatial technology integration, at which the geospatial workforce seems adroit, and project management integration, an area in which more effort may be helpful in avoiding failure. Geotechnical professionals seem to understand their areas of specialty and can see the technical interrelationships of their specialty with other geospatial disciplines. To ensure this is done effectively, however, it is the responsibility of the project manager to properly plan and implement the project using his knowledge of core and facilitating PM knowledge areas, and the way that these functions are integrated.

Although the knowledge matrix summarized to PM functions and GIS&T summary categories (Figure 6(R)) reveals interesting trends, it is important to keep in mind how often various problems are represented. Each of the three sectors in the integration row represents combining two grid cells from the more detailed matrix (Figure 6(L)), as opposed to the six sectors in the core and facilitating rows that each represent eight grid cells. This variation in grid cells by a factor of four is reflected in the average number of problems represented in each of the integration sectors (9), as compared to the average number in each of the core and facilitating sectors (37).
This study recognizes other limitations of its results. One limitation is the aforementioned lack of matching hierarchical levels between the PM and GIS&T BoKs. Levels of greater detail in the PM BoK would allow more specific categorization of management issues, and a more generalized level in the GIS&T BoK would provide endorsed categories for summarizing trends. Another limitation is the implicit assumption is that the GIS&T and PM knowledge areas are orthogonal frameworks, with no overlap between the two, and thus well represented as a matrix. It seems unlikely this is always the case, as some knowledge areas in the GIS&T BoK are concerned with such PM-related areas as planning, organizational and institutional aspects, etc. A third limitation is that interpretations and classifications of geotechnical components of projects and project management issues were made by one individual, the course instructor. Gaining consensus on how tasks and issues fit into BoKs from other individuals, such as the students who wrote the project reports, or professionals familiar with these BoKs, would be useful for additional studies.
CONCLUSIONS

If trends of successful geospatial projects are to be identified, it is necessary to think about geospatial technology and project management within some sort of framework. Such a structure is offered by the GIS&T and PM bodies of knowledge. The former identifies knowledge areas of geospatial technology, and any number of these may be necessary to include in achieving project objectives. The latter includes knowledge areas of project management, all of which should be addressed for project success. As such, it is useful to identify within which PM knowledge areas problems arise in attempting to map project successes and failures to this body of knowledge.

This study of 101 geospatial projects indicates that only a small percentage (9%) of geospatial technology projects have technical issues of significant concern. Regarding projects with such issues, however, two thirds end in failure. Also, including more numerous GIS&T knowledge areas in a single project may make the project more complex and require more integration of technology, but leads to less frequent project failures. This study also found that projects that incorporate some less mature GIS&T knowledge areas, such as “GIS&T and Society” end in failure more than twice as often as those that incorporate more mature areas, such as “Data Acquisition.”

Problems associated with some knowledge area of project management arose in 80% of projects reported in this study, with increasing number of problems associated with increasing frequency of project failure. Important relationships can be documented between the PM knowledge areas in which problems arose and the frequency of project failures. Looking at one problem at a time, those arising in the “scope-time-cost” knowledge areas (a.k.a. the project’s triple constraint) are often, but not uniquely, associated with failed projects. Looking at pair-wise combinations of problems, any project with a problem paired with another in a core or integrative PM knowledge areas is frequently associated with project failure. Conversely, no project having two problems in any combination of facilitating PM knowledge areas experienced failure.

The knowledge matrix defined in this study looks at pair-wise comparisons of the GIS&T knowledge areas cited most frequently in projects, and the PM knowledge areas in which problems most frequently arose. Although the matrix only utilized data on the six most commonly paired GIS&T knowledge areas that account for 95% of such combinations, the resulting pattern is complex. To summarize results, this study uses PM functions, as well as GIS&T summary categories defined in and unique to this study. Results indicate that in all cases, projects with problems in core PM knowledge areas are associated with higher frequencies of failure than those with problems in facilitating PM knowledge areas. This increase in frequency is most pronounced for projects utilizing data-centric GIS&T knowledge areas, which fail nearly twice as often when problems occur in core versus facilitating knowledge areas.

A trend that is apparent across the GIS&T summary categories is the increase in frequency of project failure when problems arise in the integrative PM function. While no projects with a data-centric component fail if integrative issues arise, projects with a people-centric component fail nearly two-thirds of the time. This failure rate underscores the important role effective project managers play in integrating multiple managerial components for project success. While geotechnical professionals appear competent at integrating technical work among GIS&T disciplines, and do not seem to need much assistance with managerial integration of data-centric projects, people-centric projects pose a special challenge. There appears to be project management opportunities for integration of the project management knowledge areas to decrease failure rates in projects that require the managerial integration of people-centric geotechnical work.

Upon assignment to a geospatial project, a project manager with background in GIS&T may be most enamored by technical details of the work and how these components will be technically integrated. Of course this is of great interest and vital to project success, and this report seems to indicate that project managers and their geotechnical staff do this well. To avoid failure, however, it is also important for geospatial project managers to consider what sort of management issues may arise, and judge how critical such issues might be to project success. Although this may not be an instinctual skill inherent in a geospatial professional turned project manager, it is important to ensure the technical work can succeed. The well documented knowledge areas of project management should not be ignored, and can help to identify areas of special attention in achieving such project success. 
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