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ABSTRACT 
U.S. Air Force installations are making increasing use of geographic information 

systems. Without AF-wide oversight early on, however, multiple applications, which 

serve similar purposes, emerged. As such, continuing support is problematic and has 

generated interest in a comparison method for determining which of similar applications 

perform better. This research details a first attempt at developing such a methodology 

focusing specifically on usability and end-user satisfaction. Two different GIS 

applications being used in the AF Civil Engineer (CE) community for the management of 

airfield obstructions—the Airfield Obstruction Management System (AOMS) and the 

Airfield Obstruction Tracking, Analysis, and Management System (AIROBS)--were the 

focus of this study. The results showed that the proposed methodology can be a start in 

attempts to compare GIS applications as it revealed that AOMS had fewer usability 

issues and rated slightly higher in end-user computing satisfaction.   
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INTRODUCTION   
 

The U.S. Air Force has recognized that organizations across AF installations often 

require geospatial information resources or maps to accomplish mission essential tasks 

such as land use planning, identifying disaster response cordon/stand-off distances and 

emergency response routes, and locating underground utilities just to name a few.  To 

provide an AF-wide approach to addressing this need, in 2001, the Headquarters Air 

Force Geo Integration Office (HAF GIO) formed the USAF GeoBase program. As 

GeoBase has been implemented across the AF, there have been no mandated product 

standards for GIS applications. As such, the use of multiple applications, many of which 

serve similar purposes, have emerged. As a result, accountability for the many 

applications in use and financial and technical support has become problematic. These 

issues have generated interest in the use of a comparison method for determining which 

of similar applications perform better in order to perhaps, in the future, provide support 

for elimination of duplicative applications.   

 

This research highlights an initial attempt at developing a methodology that allows for a 

basic comparison of GIS applications. This methodology was applied to two similar GIS 

applications used across the Civil Engineer (CE) community for the management of 

airfield obstructions--the Airfield Obstruction Management System (AOMS) and the 

Airfield Obstruction Tracking, Analysis, and Management System (AIROBS). The 

following research questions were addressed: 

 

1. What key attributes should be evaluated in a methodology used to compare 

GIS applications and what would an accompanying measurement instrument 

consist of? 

2. How do AOMS and AIROBS compare in software usability, where usability 

criteria measures error abatement, responsiveness, descriptiveness, 

consistency, and simplicity? 

3. How do AOMS and AIROBS compare in end-user computing satisfaction 

(EUCS), as determined by the measures of content, format, and ease of use 

provided by each application? 

  

LITERATURE REVIEW 

 

GIS Defined 

   

“A GIS is a special type of information system concerned with geographically referenced 

data” (Worboys & Duckham, 2004, p.2).  A GIS has two distinguishing characteristics 

that make it different from a standard information system.  First, the data in a GIS are 

“spatially referenced, usually with x-y or latitude-longitude coordinates.”  Second, a GIS 

will normally have mapping capabilities associated with them (Pittman, 1990, p. 4).  As 

with a standard IS, the central part of any GIS is the database.  The database contains 

map layers (Figure 1) that represent geographic features, which are referenced to a 
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standard coordinate system such as the Universal Transverse Mercator or State Plane 

Coordinate system (Fung & Remsen, 1997, p. 18).   

 

 
Figure 1. A GIS database may be conceptualized as a stack of floating map layers 

registered to a common map base. (Adapted from Fung & Remsen, 1997) 

 

AF GISs--Airfield Obstruction Management Systems   

 

On July 24, 1998, at Misawa Air Base, Japan, an F-16 pilot aborted takeoff and crashed. 

The aircraft went off the runway and struck various structures of the approach lighting 

and instrument landing system localizer antenna systems.  The external fuel tanks were 

damaged and the aircraft caught fire. Although the pilot ejected, he drifted into the fire 

before reaching the ground and suffered fatal burns (Holliday, 2001, p. 1).  As a result, in 

late 1999, the AF Inspector General conducted a review of construction and repair 

projects at Misawa AB.  In response, the AF Chief of Staff directed that corrective action 

be taken to reduce airfield obstructions.  Airfield obstructions can be objects such as 

signs, towers, buildings, landforms, trees and other vegetation that “penetrate regulatory 

airspace surfaces” (CH2M-Hill, n.d.). This directive included instructions that all AF 

bases identify airfield obstructions and stated a plan should be developed to mitigate 

airfield obstructions (Air Force Tiger Team, 2000 p. 7). Eventually, both airfield 

obstruction management (GIS) systems—AOMS and AIROBS--were specifically 

developed to facilitate the documenting, mapping, analysis, tracking, and management of 

airfield obstructions (AIROBS: Airfield Obstruction Management System, 2004; HB&A, 

2004).  AOMS is being used at approximately 60 military installations worldwide while 

AIROBS is in use at approximately 12 AF installations world-wide.  According to Mr 

Michael Ates, Civil Engineer Division at the Air Force Civil Engineer Support Agency 

(AFCESA), “AOMS and AIROBS are essentially the same but refined by two different 

companies” (Ates, 2005).   

 

Comparing Attributes of Information Systems 

 

A review of the information systems literature indicated that there are many attributes by 

which information systems can be compared such as usability, end-user satisfaction, 

systems success, etc.  Given the nature of the GIS applications being researched, the 

desired outcomes of the comparative analysis, and the measurement instruments already 
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available in the literature, the researchers chose to focus on usability and satisfaction 

attributes specifically. 

 

METHODOLOGY 

 

As a result of the literature review, it was decided to conduct the research using an 

overall qualitative methodology focusing on two key comparative attributes—usability 

and end-user satisfaction.  A preliminary evaluation instrument was developed that 

consisted of a combination of the elements of the Air Force Operational Test and 

Evaluation Center (AFOTEC) software usability evaluation tool along with an adapted 

version of a validated end-user computing satisfaction (EUCS) instrument. The 

assessment of the software by respondents required the development of specific task 

scenarios (by the researchers and CE community planners) such as loading a new 

obstruction, editing an existing obstruction, and producing a summary report—all 

activities required for effective management of airfield obstruction information. The 

usability portion of the evaluation gathered qualitative responses with regard to problem 

areas within both applications as seen by respondents.  The EUCS evaluation allowed the 

use of descriptive statistics to measure the constructs of content, format, and ease of use 

along with the overall satisfaction provided by the application. The following paragraphs 

detail the development of the methodology and assessment instrument in detail.  

 

Usability Evaluation 

  

Since the research was conducted in order to provide feedback to an AF audience on an 

AF system, it was decided to use of the AFOTEC Software Usability Evaluation 

instrument in deference to other usability assessment tools. The purpose of this tool is to  

focus on the user’s interaction with a software-intensive system (HQ Air Force 

Operational Test and Evaluation Center, 1994, p. 26).  There are many views on the 

definition of usability.  Bevan, et al, defines usability as “the ease of use and acceptability 

of a system or product for a particular class of users carrying out specific tasks in a 

specific environment” (Bevan et al., 1991).  The ISO/International Electrotechnical 

Commission (IEC), 9126-1 (2000) defines usability as “the capability of the software 

product to be understood, learned, used and attractive to the user, when used under 

specified conditions” (Bevan, 2003).  Along with the many definitions of usability, there 

are many attributes associated with the usability construct.  Some of those attributes 

include learnability, understandability, reliability, and satisfaction, just to name a few 

(Bevan, 2003; Juristo et al., 2003).  The AFOTEC Software Usability Evaluation 

identifies the attributes of error abatement, responsiveness, descriptiveness, consistency, 

and simplicity (HQ AFOTEC, 1994, p. 148). See Table 1 below for definitions. The 

usability assessment portion of the final evaluation instrument consisted of a subset of 35 

out of the 177 original items covering the attributes described in Table 1. 

) 

http://www.iso.org/iso/en/ISOOnline.frontpage
http://www.iec.ch/
http://www.iec.ch/
http://www.iec.ch/


 

124 

Information presented to the user is grouped into short, readily

understandable structures
Simplicity

The behavior of the software corresponds to the expectations of the 

user
Consistency

Provides the user with adequate explanations of every function 

he/she is required to perform and every function the system performs
Descriptiveness

Allows the user to effectively direct system operationResponsiveness

Aids in validating data and avoiding or correcting errorsError 

Abatement

AFOTEC Usability Attributes and Definitions

Information presented to the user is grouped into short, readily

understandable structures
Simplicity

The behavior of the software corresponds to the expectations of the 

user
Consistency

Provides the user with adequate explanations of every function 

he/she is required to perform and every function the system performs
Descriptiveness

Allows the user to effectively direct system operationResponsiveness

Aids in validating data and avoiding or correcting errorsError 

Abatement

AFOTEC Usability Attributes and Definitions

 
Table 1. AFOTEC Software Usability Evaluation Attributes 

 

The 35 items chosen were selected by the researcher and three additional experts after 

reviewing both GIS applications and the applicability of the evaluation items to functions 

of the software.  Each of the 35 items were assessed using a nominal scale depicted in the 

excerpt in Table 2 below. 

 

○○○○○

VERY HIGHHIGHMEDIUMLOWVERY LOW

What is the overall impact of this feature on operational effectiveness?

For a response of “NOT ALWAYS”, please provide an example of where the feature is lacking:

____________________________________________________________________________________

____________________________________________________________________________________

○○○○

NOT APPLICABLEDON’T KNOWNOT ALWAYSALWAYS

10.  Menu selection options are readily understandable.

○○○○○

VERY HIGHHIGHMEDIUMLOWVERY LOW

What is the overall impact of this feature on operational effectiveness?

For a response of “NOT ALWAYS”, please provide an example of where the feature is lacking:

____________________________________________________________________________________

____________________________________________________________________________________

○○○○

NOT APPLICABLEDON’T KNOWNOT ALWAYSALWAYS

10.  Menu selection options are readily understandable.

 
Table 2.  AFOTEC Software Usability Evaluation Example 

 

End-User Computing Satisfaction Evaluation 

 

Doll and Torkzadeh’s primary goal in the development of the EUCS instrument was to 

“focus on satisfaction with the information product provided by a specific application” 

(Doll & Torkzadeh, 1988, p. 260). They also conceptualized EUCS as the “affective 

attitude towards a specific computer application by someone who interacts with the 

application directly” (Doll & Torkzadeh, 1988, p. 261).  The EUCS construct contains 

five subscales (content, accuracy, format, ease of use, and timeliness).  The EUCS 

instrument used to measure overall satisfaction and the five subscales consists of 12 

items.  The instrument has been validated in a number of past studies by Doll and 

Torkzadeh (1988); Torkzadeh and Doll (1991); McHaney and Cronan (1998); and 

Abdinnour-Helm, et al (2005). The internal consistency reliability (Cronbach’s alpha) for 

the overall EUCS instrument used in the previous studies was .92, .94, .91, and .94 

respectively.  For the purpose of this research the subscales of accuracy and timeliness 
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were not assessed.  The resulting instrument used in this research had eight items 

measuring content, format, and ease of use.  The original EUCS instrument items and the 

modified items are shown in Table 3 below. 

            

Is the application easy to 

use?

Is the system easy to use? 

Is the application user 

friendly?

Is the system user friendly?
Ease of Use

(Doll & Torkzadeh, 1988, p. 

268)

Is the information clear?Is the information clear?

Do you think the output is 

presented in a useful 

manner?

Do you think the output is 

presented in a useful manner?Format
(Doll & Torkzadeh, 1988, p. 

268)

Does the application 

provide sufficient 

information?

Does the system provide 

sufficient information?

Does the application 

provide reports that seem 

to be just about exactly 

what you need?

Does the system provide 

reports that seem to be just 

about exactly what you need?

Does the information 

content meet your needs?

Does the information content 

meet your needs?

Does the application 

provide the precise 

information you need?

Does the system provide the 

precise information you need?

Content
(Doll & Torkzadeh, 1988, p. 

268)

Modified QuestionOriginal QuestionSubscale

Is the application easy to 

use?

Is the system easy to use? 

Is the application user 

friendly?

Is the system user friendly?
Ease of Use

(Doll & Torkzadeh, 1988, p. 

268)

Is the information clear?Is the information clear?

Do you think the output is 

presented in a useful 

manner?

Do you think the output is 

presented in a useful manner?Format
(Doll & Torkzadeh, 1988, p. 

268)

Does the application 

provide sufficient 

information?

Does the system provide 

sufficient information?

Does the application 

provide reports that seem 

to be just about exactly 

what you need?

Does the system provide 

reports that seem to be just 

about exactly what you need?

Does the information 

content meet your needs?

Does the information content 

meet your needs?

Does the application 

provide the precise 

information you need?

Does the system provide the 

precise information you need?

Content
(Doll & Torkzadeh, 1988, p. 

268)

Modified QuestionOriginal QuestionSubscale

 
Table 3.  List of Original Questions and Modified EUCS Questions 

 

 Each of the eight EUCS items were assessed using a using a five item Likert scale 

ranging from Almost Always to Almost Never depicted in the excerpt in Table 4 below. 

 

 
Almost Never 

 
Some of the Time 

 

 
About Half 

Of the Time 

 
Most of the Time 

 
Almost Always 

36.  Does the application provide the precise information you 

need? 
     

37.  Does the information content meet your needs?      

38.  Does the application provide reports that seem to be just 

about exactly what you need? 
     

39.  Does the application provide sufficient information?      

40.  Do you think the output is presented in a useful manner?      

41.  Is the information clear?      

42.  Is the application user friendly?      

43.  Is the application easy to use?      
Table 4.  EUCS Evaluation Items 
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The final evaluation instrument consisted of 48 items. Demographic information to 

include rank, time in service, and experience level with GIS/GeoBase applications was 

also collected.  A copy of the complete evaluation instrument can be provided upon 

request.  

 

Data Collection and Sample 

 

The application evaluations were conducted in a small conference room. Two PCs were 

set up with AIROBS loaded on one and AOMS loaded on the other.  The AIROBS and 

AOMS applications and the respective databases used for the evaluations came from 

active AF installations. ESRI’s ArcGIS 8.3 provided the mapping capability and was 

used with both applications.  ESRI ArcGIS is a GIS software used for visualizing, 

managing, and analyzing geographic data (ESRI, 2006).  The scenarios and questionnaire 

was provided to the respondents at the beginning of the evaluation process.  The 

respondents worked through the scenarios prior to answering the questionnaire.  They 

were assigned to an application on an alternating basis.  This allowed for the researchers 

to get an equal number of evaluations for each application.  There were 20 respondents 

who provided ten evaluations for each application. The respondents chosen for this 

research consisted of CE officers and civilians who were Air Force Institute of 

Technology master’s degree program students or staff personnel from the Civil 

Engineering School. All were volunteers who were contacted via email. The group was 

selected based on their knowledge of CE organizational processes. The average time-in-

service for all respondents was six years and five months with only four months 

separating the average time-in-service for the AIROBS and AOMS evaluators.  Just over 

half of the evaluators had worked with GIS/GeoBase applications, and those evaluators 

rated their level of experience as “some”.    

 

Data Analysis 

 

The analysis of the usability portion of the evaluation focused on the qualitative analyses 

of the Not Always responses and accompanying comments. A three step process was 

used. First, the items that received a Not Always response were grouped together in order 

of the impact ratings (Very High to Very Low). Next, the responses were grouped by 

attribute and function for easier identification of related problems. Finally, a content 

analysis of the comments was conducted to further identify problem areas. The analysis 

of the EUCS items was conducted using descriptive statistics.  The questionnaire used a 

five-item Likert scale ranging from Almost Never (1), Some of the Time (2), About Half of 

the Time (3), Most of the Time (4), and Almost Always (5).  Based on this scale, a mean of 

4 (Most of the Time) or better indicated that the evaluators found the application 

provided the intent of the questionnaire item between Most of the Time (4) and Almost 

Always (5).  Means above 4.5 indicated a higher number of evaluators rated the 

application as Almost Always in terms of the content, format, and ease of use as specified 

by the questionnaire items. The internal consistency measure for the modified instrument 

was .76 where a value of .70 is considered acceptable (Nunnally & Bernstein, 1994).  
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RESULTS AND DISCUSSION 

 

The methodology developed, although not without limitations, provided a sufficiently 

rigorous, yet preliminary, approach to comparing two GIS applications. The outcomes 

offered an initial comparison of two very similar GIS applications with respect to various 

usability and user satisfaction constructs.   

 

Specifically, the usability evaluation revealed that AOMS demonstrated fewer usability 

problems than AIROBS.  AOMS received 19 Not Always responses versus 25 by 

AIROBS.  Also, AOMS received fewer negative comments (37) than did AIROBS (61).  

As shown in Table 5, there were five items that received a significant difference of 

Always responses between the two applications. A significant difference meant that one 

application received a majority of Always responses for the same item.  The AOMS 

application received a majority of Always responses for four of the five items.   

 

 
n=10

510Graphic symbology is appropriate for the 

information it represents.  

Simplicity28

49Where several windows are displayed 

simultaneously, it is easy for the user to shift 

among them to select which window is to be 

made active.

Simplicity25

57Information is easy to find on the screen.Simplicity17

63The system provides adequate notification when 

it detects a data entry error.

Error

Abatement

9

26Where data are entered from source documents, 

the format for data entry corresponds to that of 

the source documents.

Consistency6

# Always

AIROBS

# Always

AOMS

ItemAttributeItem #

n=10

510Graphic symbology is appropriate for the 

information it represents.  

Simplicity28

49Where several windows are displayed 

simultaneously, it is easy for the user to shift 

among them to select which window is to be 

made active.

Simplicity25

57Information is easy to find on the screen.Simplicity17

63The system provides adequate notification when 

it detects a data entry error.

Error

Abatement

9

26Where data are entered from source documents, 

the format for data entry corresponds to that of 

the source documents.

Consistency6

# Always

AIROBS

# Always

AOMS

ItemAttributeItem #

 
Table 5.  Items with a Significant Difference of Always Responses 

 

As for the end-user computing satisfaction comparison, the analysis revealed that AOMS 

had higher means for overall EUCS, content, and ease of use.  As shown in Table 6 

below, the means for the subscales and the overall AOMS EUCS construct range from 

4.55 to 4.65.  As shown in Table 7, the means for the subscales and the overall AIROBS 

EUCS construct range from 4.2 to 4.55.  The ratings received for the subscales and the 

overall questionnaire as applied to the task scenarios revealed that the aspects of the 

application (content, format, ease of use) highly influenced the satisfaction of the 

evaluators. Since the internal consistency of the format construct for the AIROBS EUCS 

assessment was so low (“< .5 is unacceptable” George & Mallery, 2005), it was not used 

in any comparative judgment.   
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n=10

.704.5043.  Is the application easy to use?

.704.6042.  Is the application user friendly?

1.374.55.95Ease of Use

.484.7041.  Is the information clear?

.704.5040.  Do you think the output is presented in a useful manner?

1.144.60.86Format

.674.7039.  Does the application provide sufficient information?

.484.70
38.  Does the application provide reports that seem to be just about exactly

what you need?

1.104.5037.  Does the information content meet your needs?

.674.7036.  Does the application provide the precise information you need?

2.374.65.78Content

3.814.61.83Overall EUCS Statistics for AOMS

SDMαItem/Subscale

n=10

.704.5043.  Is the application easy to use?

.704.6042.  Is the application user friendly?

1.374.55.95Ease of Use

.484.7041.  Is the information clear?

.704.5040.  Do you think the output is presented in a useful manner?

1.144.60.86Format

.674.7039.  Does the application provide sufficient information?

.484.70
38.  Does the application provide reports that seem to be just about exactly

what you need?

1.104.5037.  Does the information content meet your needs?

.674.7036.  Does the application provide the precise information you need?

2.374.65.78Content

3.814.61.83Overall EUCS Statistics for AOMS

SDMαItem/Subscale

 
Table 6. AOMS EUCS Statistics 

 

n=10

.924.2043.  Is the application easy to use?

.634.2042.  Is the application user friendly?

1.514.20.90Ease of Use

.674.3041.  Is the information clear?

.714.5040.  Do you think the output is presented in a useful manner?

1.034.40.21Format

.424.8039.  Does the application provide sufficient information?

.704.40
38.  Does the application provide reports that seem to be just about exactly

what you need?

.524.4037.  Does the information content meet your needs?

.524.6036.  Does the application provide the precise information you need?

1.554.55.67Content

2.724.43.62Overall EUCS Statistics for AIROBS

SDMαItem/Subscale

n=10

.924.2043.  Is the application easy to use?

.634.2042.  Is the application user friendly?

1.514.20.90Ease of Use

.674.3041.  Is the information clear?

.714.5040.  Do you think the output is presented in a useful manner?

1.034.40.21Format

.424.8039.  Does the application provide sufficient information?

.704.40
38.  Does the application provide reports that seem to be just about exactly

what you need?

.524.4037.  Does the information content meet your needs?

.524.6036.  Does the application provide the precise information you need?

1.554.55.67Content

2.724.43.62Overall EUCS Statistics for AIROBS

SDMαItem/Subscale

 
Table 7. AIROBS EUCS Statistics 
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LIMITATIONS 

A first limitation was that the usability evaluation portion of this research was conducted 

using an assessment tool intended to be used in the application design process.  Secondly, 

the respondents had no prior experience with the airfield obstruction management GIS 

applications. Thirdly, the small number of respondents (10 per application) make it 

difficult to generalize the results to a larger population. Finally, there could be issues with 

validity and reliability of the final assessment results. With regard to the AFOTEC 

usability assessment tool, results from previous testing as to validity and reliability were 

not available.  

 

IMPLICATIONS FOR THEORY AND PRACTICE 

 

This was the first time a comparative analysis has been conducted on two similar GIS 

applications being used in the AF. In addition to offering a new methodology for 

conducting such a comparison, this research provided practical results with respect to the 

AOMS and AIROBS GIS applications. In general, the results appear to indicate a 

connection between usability and end-user satisfaction where, with respect to results of 

this research, applications are assessed as more usable the users express more satisfaction 

with them. Additionally, the AF Civil Engineer leaders now have some new information 

to build upon if constraints drive the elimination of one application or the other. Future 

research to refine the evaluation instrument, evaluate with more respondents, and apply to 

other GIS applications would be extremely beneficial.   
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