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Executive Summary 

Airway Facilities (AF) is responsible for providing services and conducting operations that 
deliver the highest possible levels of National Airspace System (NAS) safety and efficiency.  To 
accomplish this, AF specialists perform maintenance tasks for the NAS.  This requires 
coordination between AF and various organizations including AT.  Maintenance Control Center 
(MCC) specialists have been the focal point of coordination in AF, and AT supervisors are 
responsible for coordination in AT.   

AF specialists have been coordinating with AT successfully in the past.  However, there has been 
no empirical research on this.  The NAS Human Factors Group (ACB-220) performed a survey 
of MCC specialists and AT supervisors about their experience and opinions on coordination.  We 
present the results of the empirical study on coordination in this report.  

We collected demographic data, general characteristics of coordination, and other specific 
coordination characteristics.  We also asked their opinions on their current coordination obstacles 
and suggestions for better coordination.  We sent out 652 survey forms (282 AF forms to 12 Air 
Route Traffic Control Center MCCs [AMCCs] and 12 General MCCs and 370 AT forms to 21 
Air Route Traffic Control Centers [ARTCCs], 5 Terminal Radar Approach Controls, and 8 Air 
Traffic Control Towers [ATCTs]) and received 283 forms.  This represents a 43% return rate.  
Among them, we analyzed 95 AF and 179 AT forms.  Based on the respondents’ data, we 
present the following recommendations: 

• Facilitate mutual understanding between AF and AT.  Our data and the previous research on 
coordination of other organizations showed that it is important to understand the others’ 
needs and responsibilities for efficient coordination.  As some respondents suggested, it 
would facilitate their mutual understanding and make their coordination more effective if 
they interact more often by receiving training together and holding joint meetings. 

• Devise measures to improve the information-related obstacles in the current coordination 
between AF and AT.  They were the major obstacles according to AF and AT respondents.  
Specifically, they cited information quality, finding coordinators, and receiving the relevant 
information in a timely manner.  The Federal Aviation Administration (FAA) needs to 
examine these separately and resolve the current information-related problems. 

• Make the important, helpful information available to the AF and AT coordinating personnel.  
Some AF and AT respondents expressed that certain information was not available but could 
be useful for coordination if available, such as the information on the real-time traffic flow 
for the AF personnel.  Some AT respondents mentioned that the information about 
equipment at nearby facilities and AF technicians’ travel-time to the maintenance site could 
be beneficial.  When AF and AT personnel coordinate, they usually use face-to-face or 
telephone communication.  Thus, if some information is relayed by computers automatically, 
the coordinators can save time.  Some AF respondents also thought that there were too many 
organizations with whom to coordinate.  If AF personnel can extract the necessary 
information using computers easily, they may not need to coordinate with all the 
organizations they currently deal with.  The Event Manager software of AF supplies most of 
the necessary information.  The FAA needs to make the information available to both AF and 
AT. 
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• Increase the number of AF specialists who coordinate with AT.  Twenty-one AT respondents 
mentioned that low AF and AT staffing was a major obstacle.  Fifteen AT respondents 
suggested hiring more AF specialists.  Improving coordination procedures may also improve 
this situation. 

• Make the coordination procedure known to the AF and AT personnel who are not the main 
designated coordinators but may be called upon to coordinate.   

• Create a separate, local coordination procedure.  The current data and previous studies on 
coordination suggest that local control and face-to-face communication are effective for 
coordination.  Even if the coordination will be handled by three centralized Operations 
Control Centers as planned by the FAA, it may be beneficial to leave certain types of 
coordination at the local level and let the local AF sites handle the coordination between 
them and AT.  This requires the FAA to create a local procedure for certain coordination 
tasks. 

• Make coordinators’ roles and responsibilities clear to AF and AT coordinators.  The current 
roles and responsibilities are not clear to some coordinators.  These should be clearly known 
to them.  The FAA needs to give them training on this. 

• Standardize the terminology.  Some AF and AT respondents mentioned that the technical 
terminology created problems in communicating.  The FAA needs to standardize the 
technical terms and make them available to AF and AT personnel. 

• Study if AF and AT can respond faster to the other’s request.  AF respondents thought the 
current AT’s response time was not ideal.  The FAA could use the response times reported 
here by AF and AT as a guide and see if AF and AT could improve response times.  Less 
optimal response times for both parties may be due to their misunderstanding the necessary 
coordination procedures. 

• Initiate a new study to examine issues raised by this study.  Since this is a baseline study, we 
could not address all of the issues.  For instance, we do not know if empowering is useful for 
AF and AT coordination.  Currently, AF does not often empower the other organization.  In 
the Air Traffic Management environment, empowering has been effective for coordination 
between AT providers and users.  We need to study this further to determine if empowering 
will benefit AF and AT coordination. 

viii 



1.  Introduction 

Airway Facilities (AF) is responsible for providing services and conducting operations that 
deliver the highest possible levels of National Airspace System (NAS) safety and efficiency 
(Federal Aviation Administration [FAA], 1999a).  To accomplish this, AF specialists perform 
maintenance tasks for the NAS.  The tasks may be periodic maintenance to “minimize 
unscheduled interruptions as well as extend life of the equipment and infrastructure” or 
corrective maintenance to restore the NAS service “after an outage or unscheduled interruption” 
(FAA, 1999b, p. 2).  This corrective maintenance also includes “fault detection, troubleshooting, 
fault isolation, and replacement of any failed components” (FAA, 1999b, p. 2).  To perform these 
maintenance tasks, AF specialists usually need to coordinate with personnel at various 
organizations, including Air Traffic (AT).   

When two or more organizations work together to accomplish a task, they need to coordinate.  
However, coordination is not limited to organizations.  As Malone and Crowston (2000) pointed 
out, coordination occurs in "many kinds of systems: human, computational, biological, and 
others" (p. 6).  They defined coordination as "managing dependencies between activities" (p. 6).  
This coordination becomes difficult as the tasks get complex and coordinating organizations are 
diverse.  One good example is the coordination involved in building the Boeing 767-F (Klein, 
2000).  To build it, many people in different disciplines needed to work together to put millions 
of parts in place.  Because of design conflicts, they reworked from 25 to 30% of the airplane 
design.  Also, about half of the labor cost of the Boeing 777 program was due to "changes, 
errors, and rework, often due to design conflicts " (p. 2).  Such waste could have been avoided 
with more efficient coordination management.  Even though the coordination between AF and 
AT involves only two organizations, the implication of failed coordination to NAS safety is 
enormous.  Therefore, the efficient and seamless coordination between these two organizations is 
very critical for the NAS. 

In 1997, the FAA presented new operational concepts of air traffic service to be realized in 2005 
(FAA, 1997b).  In the proposal, they emphasized "a human-centered approach” (p. 2) to 
efficiently deliver air traffic services to users.  The FAA anticipated that by 2005, new 
technologies like the Global Positioning System would be adopted.  The first initial tests of Free 
Flight would be completed, and the Host en route automation system would be installed.  The 
FAA predicted that the NAS would have new, improved capabilities.   

One of the major characteristics in this new NAS is increased coordination between the NAS 
providers and users (FAA, 1997b).  Even if the NAS providers and users have coordinated well 
in the past, they realized that new ways of coordination would facilitate coordination between 
them and make the NAS safer and more efficient. 

To that end, one of the major focuses in modernizing the NAS is to facilitate "information 
services for collaboration and information sharing” (FAA, 1999c, p. 2).  This philosophy of 
coordination was extended to the NAS infrastructure maintenance.  Maintenance service will be 
more centralized, and AF specialists will rely more on monitoring and control.  This will 
"facilitate collaboration between service providers and users, allowing users to participate in 
prioritizing scheduled and unscheduled repairs to essential NAS equipment” (FAA, 1999c, p. 4). 

Research has identified a number of factors involved in successful coordination.  Sharing 
information was the most critical factor (MacDonald, 1998; Smith et al., 1998).  Another 
important factor was the shared mental model.  All parties needed to have shared knowledge 
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about the task (Converse, Cannon-Bowers, & Salas, 1991; Langan-Fox, Code, & Langfield-
Smith, 2000; Smith et al., 1998).  Communication and communication methods were other 
important factors (Smith et al., 1998; Warkentin, Sayeed, & Hightower, 1997). 

Research has shown that face-to-face communication is the best method for coordination 
(Warkentin et al., 1997).  Nevertheless, AF and AT personnel cannot always communicate face-
to-face because they are geographically separated.  It is important to relay necessary information 
on time and receive feedback in a timely manner (Smith et al., 1998).  Participants also need to 
understand their roles and responsibilities clearly (Smith et al., 1998) as shown in Air Traffic 
Management (ATM) Collaborative Decision Making (CDM) in the U.S. and Europe 
(Eurocontrol, 1998; Metron, Inc., 2000a).  

Based on the literature on AF and AT and discussions with subject matter experts, AF and AT 
personnel may not share information extensively.  AF specialists’ notice of maintenance 
schedules may not be as timely as AT personnel wish.  AF specialists may not receive AT’s 
response to their requests in a timely manner.  Also, both AF specialists and AT personnel may 
not have clear ideas of the others’ tasks and responsibilities.   

We are also interested in what information they request, how they communicate, what 
information they record, and what memory aids they use.  We are interested in their opinions 
about the obstacles to coordination and their suggestions for better coordination.  Their opinions 
will be useful to make the NAS more efficient and safer in the future.  The results in this research 
show a clear picture on the current coordination between AF and AT for the first time.  This 
study is part of a series to study communication and coordination in AF (Ahlstrom, Koros, & 
Heiney, 2000). 

1.1  Background 

1.1.1  Coordination in Air Traffic Management 

1.1.1.1  Coordination in the U.S. 

Since 1991, CDM has been an integral concept for the FAA to enhance the use of the NAS 
within the constraints imposed by the Air Traffic Control System Command Center (Metron, 
Inc., 2000b).  The FAA CDM program encourages service providers (Air Traffic Control 
Specialists (ATCSs), traffic flow managers, and AF operators) and service operators (airline 
pilots, general aviation pilots, and military pilots) to share information on flight management.  
The most important benefit of using CDM has been sharing information among participants to 
reach an optimal decision for providers and users (MacDonald, 1998).   

CDM became official in 1995 and the NAS users, the FAA officials, and government contractors 
formed a group to promote it.  As their first effort to apply CDM to ATM, they defined NAS 
providers’ and users’ roles and responsibilities (Metron, Inc., 2000a).  Air Traffic Control-Traffic 
Flow Management (ATC-TFM) monitors the NAS, informs the users about the operational 
constraints, and develops a solution if constraints create problems.  Airline Operational Control 
keeps ATC-TFM informed of the current operational demands and intent and provides business 
needs and plans.  Through these roles and responsibilities, they define the specific coordination 
tasks to improve air traffic flow and safety. 

The CDM program in the U.S. has been successful, resulting in a number of enhancements to 
traffic flow and the system as a whole.  Recently, Beatty, Corwin, and Wambsganss (1999) 
presented concrete data showing the time saved in minutes when CDM was applied to 
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reallocating landing slots dynamically.  According to Beatty et al., “more than 2 million minutes 
of delays were saved by reallocating landing slots” (p. 443) since August 1998.   

1.1.1.2  Coordination in Europe 

Eurocontrol adopted the U.S. CDM model and considers it as a concept to improve “the way 
ATM, Airlines, and Airports work together at an operational level.  It means putting power in the 
hands of the people best placed to take decisions” (Eurocontrol Experimental Center, 2000, p. 1).  
Their goal is to make the “best use of available resources” and “give Aircraft Operators more 
flexibility” (Eurocontrol Experimental Center, p.1) in their scheduling.  They proposed that, for 
ATC in the year 2000 and beyond, collaborative planning and decision making would be the core 
element.  Eurocontrol acknowledged the difference between European and U.S. ATM 
environments in terms of infrastructure, operating procedures, legality, and commerce 
(Eurocontrol, 1998).   

1.1.1.3  Coordination in Airway Facilities 

Air traffic coordination in the U.S. and Eurocontrol environments in which CDM has been 
applied is different from the coordination in the AF and AT environments.  Some of the key 
concepts stressing flexibility and information exchange can be applied, however.  Coordination 
in AF is not a new concept because AF specialists have been coordinating with AT and other 
organizations successfully for maintenance tasks.  AF supports ATCSs, traffic management 
personnel, specialists at Flight Service Stations (FSSs), and pilots, and therefore, AF specialists 
have a direct relationship with those NAS users.  Thus, the coordinated planning and decision 
making between AF specialists and the users of the systems and facilities are critical for the NAS 
efficiency and safety.  

1.1.2  AF Structure 

According to the Airway Facilities Strategic Plan (FAA, 1997a), “AF is responsible for NAS 
Service Management, guaranteeing the safety, efficiency, and quality of delivering NAS 
services” (p. 7).  Therefore, the maximum availability of equipment for the NAS is the prime 
responsibility of the AF specialists.  AF specialists monitor, control, maintain, and certify the 
NAS facilities.  In addition, they are responsible for certification of equipment, systems, and 
services (National Research Council, 1997).  There are over 11,000 AF employees (FAA, 2000a) 
and 7,200 AF specialists, according to the AF office in D.C. (e-mail message from Ms. Evelyn 
Brackman of the AF on May 31, 2000).  The central control center of AF is the National 
Maintenance Control Center (NMCC).  (Note: This became the National Operations Control 
Center [FAA, 2000b]).  Under this NMCC, there are 42 regional Maintenance Control Centers 
(MCCs) (FAA, 2000c), and 488 MCC AF specialists work in these centers (according to Ms. 
Brackman of the AF, e-mail message on October 26, 2000).  These specialists monitor, control, 
and certify facilities and dispatch personnel to restore facilities and service.  They are also the 
focal point of coordination on all AF maintenance activities.   

There are two kinds of MCCs: the Air Route Traffic Control Center (ARTCC) MCC (AMCC) 
and the General MCC (GMCC).  (Note: Since we collected the data for this study, the AF 
structure has been changed.  GMCCs were dissolved into one of Atlantic, Mid-States, or Pacific 
Operations Control Centers.  ARTCCs became Service Operations Centers.)  AMCCs are 
collocated with ARTCCs.  The AMCC’s task is to maintain equipment and systems in the 
ARTCC complex.  They are also responsible for coordinating the maintenance activities of 
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facilities that serve the ARTCC directly and exclusively.  These facilities include Air Route 
Surveillance Radar (ARSR), Air Traffic Control Beacon Interrogator site, and Remote 
Communications Air/Ground facilities.  GMCCs are responsible for all coordination activities 
for facilities that support the terminal environment and en route navigational aids (FAA, 1999a; 
FAA, 1999c).  (Note: The MCC specialists who work in GMCCs are called NAS Operations 
Managers [NOMs].  In the following, MCC specialists will mean both MCC specialists and 
NOMs.) 

1.1.2.1  AF Coordination Tasks with AT 

According to the FAA Handbook (FAA, 1999b), in the AF, MCC AF specialists require 
coordination with AT personnel under the following conditions:   

1. whenever an interruption or an impending interruption of service is perceived by a 
user.   
Routinely the MCC AF personnel will not start their activities until the appropriate 
ATC facility has been notified and the release approved; 

2. immediately upon equipment failure or upon notification that a facility is out of 
service because of equipment failure; 

3. when transferring the facility to standby power; 
4. whenever service can be restored after an interruption of a system, subsystem, or 

equipment; 
5. when construction or modernization may cause interruptions;  
6. when the certification has been removed, or the maximum certification interval has 

been exceeded; and 
7. at anytime when there is a possibility of delayed ATC operations. 

From the AT side, AT supervisors are responsible for coordination with AF. 

1.1.2.2  AF Maintenance Procedures 

Major coordination procedures between AF and AT are 1) Unscheduled Events, 2) Scheduled 
Events, 3) Flight Inspection (FI) Events, and 4) Service Interruptions (FAA, 1999b).  In the 
following subsections, AF maintenance procedures that need to be coordinated with AT are 
summarized from the General Maintenance Handbook for Airway Facilities (FAA, 1999b).   

1.1.2.2.1  Unscheduled Facility Interruptions 

Urgent maintenance activities are handled immediately.  To prevent unscheduled facility 
interruptions, the Systems Maintenance Office (SMO) manager develops a risk management 
plan.  The SMO manager establishes priorities for not-so-urgent restoration of out-of-service 
facilities based on this plan.  However, AT personnel determine the priority of two or more 
facilities, systems, or equipment when they are not operative at the same time.   

In addition, if switching or changing equipment creates any momentary interruptions or 
abnormal states, MCC AF specialists need to give a notice to and receive an approval from the 
appropriate AT personnel. 

If communications or surveillance services are found to be below standards, AF specialists will 
decertify it and advise AT of the system or equipment condition.  Continuous use of the 
equipment is optional for AT personnel.  
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1.1.2.2.2  Scheduled Facility Interruptions 

For scheduled facility interruptions, MCC AF specialists need an approval from AT.  Local risk 
management established by the collaborative effort of AF and AT is used to determine the 
impact to the NAS.  After scheduling, MCC AF specialists notify the appropriate AT personnel 
of a scheduled outage no later than the day preceding it, whenever possible.  A scheduled outage 
of most systems and equipment must be advertised by Notice-to-Airmen (NOTAM) at least 5 
hours in advance.   

MCC AF specialists use the following interruption coordination procedure: 

• They request, through their coordinating entity, the authority to remove equipment from 
service and inform them of the desired time of shutdown, probable duration, and reason. 

• They coordinate the request with AT personnel and all other appropriate entities, obtain 
approval or justification for refusal, and advise the requesting specialists or organization of 
the results. 

• They coordinate with the military, as needed. 

After the completion of a scheduled interruption, MCC AF specialists notify the NMCC (Note: 
This became National Operations Control Center [NOCC].) and appropriate AF Control Centers, 
and report in accordance with the National Airspace Performance Reporting System.  If MCC 
AF specialists request a scheduled interruption and it is denied by AT, they report this through 
proper channels with all the pertinent information.   

1.1.2.2.3  Flight Inspection Procedures 

For a FI, MCC AF specialists may perform non-routine maintenance.  They may need to 
coordinate with FI scheduling personnel.  They will  

a. verify the report with another aircraft if the aircraft reported a navigational aid facility 
malfunction; 

b. check if there is a stand-by equipment.  If it is available, AT uses it if a malfunction is 
reported by a second aircraft; 

c. immediately request a NOTAM removing the suspect aid if there is no stand-by 
equipment; 

d. notify AT personnel of the pertinent facts concerning restoration. 

1.1.2.2.4  Service Interruptions 

Local risk management shall be done to determine the impact of service interruptions on the 
NAS.  Coordination is required for any scheduled service interruption for any length of time.  
Requests for authority to interrupt service, whether the service is scheduled or unscheduled, shall 
be directed to the NMCC.  MCC AF specialists notify the appropriate AT personnel on the day 
preceding a scheduled service interruption, whenever possible, to allow AT personnel sufficient 
time for activities such as planning, rerouting, and publishing.  Upon restoration of service, 
proper notification shall be made to the NMCC. 
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1.1.3  Critical Aspects of Successful Coordination 

After the official installation of CDM in ATC-TFM in 1995 by the CDM group (Metron, Inc., 
2000b), Smith et al. (1998) initiated a study on the issues of CDM in TFM.  They identified four 
factors that could lead to successful coordination.  They are  

a. shared understanding (or mental models),  

b. distribution of responsibilities,  

c. process control and feedback, and  

d. staff selection and communication channels.   

They found that the parties involved in coordination also had different responsibilities and goals.  
This provided a check and balance on their decisions.  When a request was disapproved, it was 
beneficial for airline planning if they were given the reasons.  Smith et al. (1998) concluded that 
coordinators must have good interpersonal and communication skills in addition to good 
knowledge of the ATC system.   

Smith et al. (1998), Converse et al. (1991), and Langan-Fox et al. (2000) pointed out that 
participants needed to have a shared mental model for effective coordination.  This shared 
mental model is the member’s common experience, knowledge, and memory required to perform 
the task.  

To coordinate activities across organizations, participants should have a clear, common goal 
even if they may have different motives.  It is essential for them to be informed of the constantly 
changing information of the situation, so they will be ready to solve problems with the common 
and updated information at any time (Smith et al., 1998).  In the case of AF specialists, they do 
not have much time to build common knowledge on a particular task with AT personnel.  
However, because they have worked with AT personnel in the past, they may have established 
the necessary common knowledge of the task.  They may need to exchange some detailed 
background information.  AF specialists and AT personnel have different levels of knowledge 
and technical background on equipment and systems.  Therefore, they may have problems in 
communicating the necessary requirements to accomplish a task.  They may also use different 
terminology for the same equipment and systems.  This may create a communications problem, 
making coordination more difficult. 

Depending on the nature of a coordination task, a certain communication method may be more 
efficient than others.  Warkentin et al. (1997) showed that if coordination was done electronically 
or virtually, participants experienced team-building problems and got less satisfaction in the 
process than when they coordinated face-to-face.  However, as pointed out by Smith et al. 
(1998), the information will be lost in the face-to-face method if it is not stored in another 
medium.  Currently, coordination between AT and others is frequently carried out either face-to-
face or through telephone communication (Lacher & Klein, 1993; Smith et al., 1998).  This is a 
good method in the sense that the participants will get immediate feedback and further 
clarification, if necessary.  However, the participants must be there to get the information, and 
only the person on the telephone receives it.  That person may need to disseminate the 
information to other people. 
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1.2  Purpose 

The objective of this research project is to study the coordination between MCC AF specialists 
and AT personnel in scheduling maintenance activities as they do it today.  The past research on 
coordination in ATM and other areas showed a few important factors for efficient coordination 
(Converse et al., 1991; Klein, 2000; Lacher & Klein, 1993; Langan-Fox et al., 2000; MacDonald, 
1998; Malone & Crowston, 2000; Smith et al., 1998; Warkentin et al., 1997).  However, none of 
these studies addressed coordination between AF and AT.   

2.  Method 

Because of their unique environments and tasks, coordination between AF and AT may be 
different from coordination in other areas.  To study this empirically, we asked MCC AF 
specialists and AT personnel directly about their experience and opinions on coordination.  Our 
research purpose is to show a baseline profile of the AF-AT coordination. 

The major research questions are listed below. 

a. What are the general characteristics of MCC AF specialists’ coordination with AT 
personnel such as: how long they have worked at their current position, what the critical 
factors for successful coordination are, when they coordinate most during a day, if roles 
in coordination are well defined (cf. Metron, Inc., 2000b, p. 1), and the successful aspects 
and obstacles of the current coordination.  

b. For each of three events (i.e., unscheduled events, scheduled events, and FI events), we 
asked AF personnel what particular information they collected from AT, and what they 
shared with AT concerning maintenance.  Based on this, we explored what information 
was critical for AF and AT to coordinate for specific events. 

c. Exchanging and sharing relevant information, taking into account the other participants’ 
needs and priorities, and giving the decision power to the right participant are required to 
make coordination successful (Eurocontrol, 1998; Lacher & Klein, 1993; MacDonald, 
1998; Smith et al., 1998).  We investigated if the MCC AF specialists and AT personnel 
currently perform these. 

d. We identified current communication methods for AF and AT coordination.  The 
efficiency of the communication and recording methods may depend on the nature of 
coordination tasks (Smith et al., 1998; Warkentin et al., 1997).  

e. It is important to send information well in advance and also to receive feedback in a 
timely manner for efficient coordination (Smith et al., 1998).  We asked AF specialists 
and AT personnel about this to see if they receive notice and feedback in a timely manner. 

f. To coordinate efficiently, AF and AT personnel need to have shared knowledge and 
mental models on each other (Converse et al., 1991; Langan-Fox et al., 2000; Smith et al., 
1998).  To examine this, we asked AF specialists if they knew much about AT 
personnel’s tasks and responsibilities.  We also asked AT personnel the same question 
about AF specialists.  To examine this issue further, we asked AF specialists if AT 
personnel understood AF roles and responsibilities.  We asked AT personnel the same 
question concerning AF’s understanding of AT roles and responsibilities. 

g. Some AF and AT questions are similar.  We examined the difference in AF’s and AT’s 
answers to the same questions.   
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h. The major maintenance tasks of AMCCs and GMCCs are the same, but some of their 
tasks are different because of different work environments.  We compared their responses 
to questionnaires. 

2.1  Participants  

According to Dillman (2000), it would be ideal to have 80 as the sample size from a population 
size of 488.  This is based on the assumption of the plus and minus 10% sampling error and 95% 
confidence level with a 50/50 possibility split.  This 50/50 possible split is the expected 
possibility that 50% of respondents would say “yes” and 50% of them would say “no” to a 
dichotomous question.  This is a conservative estimation.  Assuming about 30% as the survey 
return rate, we needed to send out at least 240 questionnaires to MCC AF specialists to satisfy 
the above guideline.   

2.1.1  AF Specialists 

We sent out questionnaires to 24 randomly chosen MCCs (12 AMCCs and 12 GMCCs) out of 42 
MCCs.  This categorization of AMCC and GMCC is based on the information presented on the 
FAA web site on April 6, 2000 (FAA, 2000c).  We sent out 282 questionnaire forms (Appendix 
A).  At each MCC, we had a supervisor as a point-of-contact (POC) who distributed 
questionnaires to MCC specialists. 

2.1.2  AT Personnel 

To understand the perspectives on coordination from the AT side, we sent out similar 
questionnaires to AT personnel (Appendix B).  We excluded FSSs because AF coordination with 
FSS is somewhat different from that with other AT environments, and we wanted to limit our 
scope.   

In AT, supervisors are responsible for coordination with AF (FAA, 2001a, paragraphs 2-6-1 & 
17-3-2). (Note: Ms. Gail Ferguson at Alaska ARTCC pointed out this FAA order for us.)  We 
sent out 370 questionnaires to AT supervisors at 20 ARTCCs, 5 Terminal Radar Approach 
Controls (TRACONs), and 8 ATCTs.  These facilities were selected without consideration to 
match the AF sites we selected. 

2.2  Materials 

Based on research and interviews with Subject Matter Experts (SMEs), we decided to use a 
survey as the research method instead of using interviews, because we could reach more 
personnel and it was less intrusive than interviews.  To construct the survey questionnaires, we 
used the issues of CDM in ATM and previous research on coordination as variables in addition 
to those derived from our consultation with SMEs on MCC AF specialists’ coordination with 
AT.   

To develop the research questions, we first examined MCC AF specialists’ tasks, standard 
operating procedures, and information exchanges in coordination with AT.  We produced charts 
to show these in detail.  In the charts, we listed tasks of maintenance events in chronological 
order.  For each task, we described various aspects of coordination activities such as originators 
of coordination, information exchanged, places to record the coordination, communication 
methods, and conditional status of requests.  Based on the charts, we derived critical issues and 
possible problems in coordination and constructed questionnaires.  We consulted with SMEs and 
AT supervisors to construct the AF questionnaire.  To understand coordination from the AT side, 
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we also created a questionnaire for AT based on the AF questionnaire.  After we constructed the 
questionnaires, we sent them to nine MCC AF supervisors and four AT supervisors in the field to 
ascertain that the content and format were acceptable.  Based on their feedback, we revised the 
questionnaires. 

As we constructed the questionnaires, we developed questions that directly tapped participants’ 
knowledge.  We minimized the number of open-ended questions to improve the ease of 
responding for the participants.  The estimated completion time for each questionnaire was less 
than an hour. 

Both AF and AT questionnaires had six parts:   

1. The first part was an introduction to the survey.  It described the purpose of the survey 
and explained that their participation was voluntary and their responses would be treated 
anonymously and confidentially. 

2. The second part gave instructions on how to fill out the forms.   

3. The third part asked the demographic questions. 

4. The fourth part questioned the general characteristics of coordination between two 
groups.  For instance, we asked them what were the critical factors for successful 
coordination. 

5. In the fifth part, we asked them about their experience and opinions on coordination of 
specific maintenance events, that is, Scheduled, Unscheduled, and FI Events.   

6.  In the last part, we asked their opinions on the current coordination (i.e., if they had any 
obstacles in the current coordination and any suggestions for improving the current 
coordination process).   

2.3  Procedure 

Before we sent out the AF questionnaires, we coordinated them with the Professional Airway 
Systems Specialist (PASS) (i.e. AF union) and AF office.  We planned to send questionnaires to 
AT supervisors for the AT side, therefore we needed the approval of managers only at the sites 
where we sent the questionnaires.  At each AF and AT site, we had a POC who received a 
package of questionnaires from us and distributed them to volunteer participants.  We enclosed 
pre-paid, self-addressed envelopes with the questionnaires, so participants could mail the 
questionnaires to us directly.  On March 8, 2001, we finished mailing out all questionnaires.  
After 4 weeks, we reminded the POCs to ascertain that the questionnaires were completed and 
returned to us.  We closed the window of collecting data on May 25, 2001. 

3.  Results 

The detailed results of each question are provided in Appendices C for AF, D for AT, and E for 
open-ended questions for both AF and AT.  We will present the summary of results under the 
following subheadings:   

1. AT and AF demographic characteristics. 

2. Time of coordination. 

3. Information and communication in coordination. 

4. Mutual understanding. 
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5. Distributing responsibilities and empowering. 

6. Notification and responsiveness. 

The number of respondents to questions varied because not all participants responded to each 
question.  The possible maximum numbers were 95 for AF and 179 for AT.  The numbers in the 
parentheses in the following graphs are the number of participants who responded to that 
particular item of the question.  Usually, the number of participants who responded to “Other” is 
small.  Because of that, we did not analyze it unless there were any significant facts to report.  
We did not use it for testing.   

Also, in the following graphs for rank data, even though respondents used smaller numbers to 
designate higher ranks (such as 1 as the highest), we showed high ranks as high bars in the 
graphic representation.  For this purpose, we subtracted the raw ranks from the total number of 
items in the question and used these new numbers for graphic representation.  We ordered the 
items by rank on the x-axis. 

All tests (Mann-Whitney U test and t test) were done using SPSS 10.1 version (SPSS, Inc., 
2000).  We used Mann-Whitney U test when we compared categorical data of two groups.  We 
used t test when we could use individual respondents’ data of two groups directly. 

3.1  Demographic Information 

We mailed out 652 forms (282 AF and 370 AT forms) and received 283.  This represents a 43 % 
of the total survey forms sent out.  Among them, we could not use nine forms for various 
reasons.  We analyzed 95 AF and 179 AT forms, totaling 274 forms.  If we consider these 
analyzed forms only, the return rates were 34% for AF and 48% for AT. 

3.1.1  AF Demographic Characteristics 

We sent out forms to randomly chosen 12 AMCCs and 12 GMCCs.  Among the 95 AF 
respondents, 56 belonged to AMCCs, 31 to GMCCs, and 8 were unknown.  

Eighty-seven participants responded to the question addressing their job position.  Most of them 
were either MCC specialists (53%) or NOMs (40%).  According to the FAA order (FAA, 
1999b), MCC specialists for AMCC and GMCC are responsible for coordination with AT, but in 
reality, other people such as field technicians and NOM supervisors may coordinate as shown in 
Table 1. 

Table 1.  Job Positions of AF Respondents 

Job Position MCC Specialists NOM Field Technicians NOM Supervisor 

Frequency 

(n= 87) 

46 

(53%) 

35 

(40%)

5 

(6%) 

1 

(1%) 

We collected the data of their work experience at the current MCC position, other previous MCC 
positions, and other AF positions.  The average numbers of work years of the 86 respondents to 
this question are shown in Table 2.  On average, they worked at their current position for 5 years 
and 7 months.  Sixty-six percent of the respondents had less than 6 years of experience in their 
current position.  Their average number of working years in AF was 21 years.  The standard 
deviations (SD) are large as shown in Table 2. 
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Table 2.  AF Respondents’ Years of Experience at the Current AF Position, 
Other MCC Positions, and Other AF Positions 

Statistics Current position at MCC Previous Positions at MCC Other AF Positions 

Mean (years) 

(n=86) 

5.6 

(SD: 4.8) 

1.1 

(SD: 2.9) 

14.2 

(SD: 8.1) 

The left graph of Figure 1 presents the distribution of the number of years each respondent 
worked for the present MCC position.  The right graph shows the total years each person worked 
in AF.  Both graphs were drawn after sorting participants by year of work experience.  For 
instance, the right-most respondent is the one who worked longest. 
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Figure 1.  Years of work experience in the current AF MCC position (left) and total years of 
working in the AF (right). 

 

3.1.2  Air Traffic Demographic Characteristics  

Among 179 AT respondents, there were 107 Operations Supervisors (OSs), 58 Operations 
Managers (OMs), and 14 unknowns.  The OS “directs a staff of ATCSs who are responsible for 
carrying out air traffic control assignments within a limited geographic area”  (FAA, 2001b, p.1).  
The OM is the manager of the facility and “directs a highly technical workforce that provides 
either air traffic control services and/or tactical and strategic support” (FAA, 2001c, p. 1).  The 
average number of years in the current position for these AT supervisors was 7 years and 8 
months.  Figure 2 shows the distribution of years of experience for each respondent.  
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Figure 2.  Years of AT respondents’ work experience at the current position. 

3.2  Time of Coordination 

For both AF and AT, coordination occurs at any time of the day, but, for both AF and AT, it 
occurs in the morning between 6 a.m. and 12 p.m. most often (Figure 3). 
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Figure 3.  Coordination time of day for AF (left graph) and AT (right graph).

3.3  Information and Communication in Coordination 

The major purpose of coordination is getting and disseminating information efficiently.  This 
efficiency depends on a few factors such as information sources, information content, 
information quality, and communication method. 

3.3.1  Information Sources 

Overall, when AF respondents coordinated, they contacted AT ARTCC personnel (Item 13) most 
often as shown in Figure 4.  The next group they contacted often was AF field technicians (Item 
2).  They contacted other AT personnel (Items 9 and 10) and AF personnel at other facilities 
(Item 11) more often than personnel at the rest of the other organizations.  
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  1. Other government agencies (e.g.,  
 NOAA, FEMA, NASA) (69) 

  2. Local authorities (including airport, fire,
 police) (74) 

  3. FI personnel (e.g., FI Central 
 Operations [FICO]) (67) 

  4. Military contacts associated with joint  
 use facilities (75) 

  5. NOCC (83) 
  6. Other (Please specify.) (12) 
  7. FSS personnel (81) 
  8. Telephone companies (87) 
  9. AT Tower personnel (78) 
10. AT TRACON personnel (78) 
11. AF personnel at other facilities (86) 
12. AF field technicians (86) 
13. AT Center personnel (78) 

Figure 4.  Ranks of contact frequency of various organizations by AF personnel (AF: Section A, 
Question 1). 

When the data were divided into AMCC and GMCC, the contact patterns were different to some 
extent between the two organizations (Figure 5).  AMCC personnel coordinated with the AT 
center personnel (Item 13) and GMCC personnel coordinate with AF technicians (Item 12) most 
often, respectively.  All items except Items 1 (other government agencies) (p = .439) and 2 (local 
authorities) (p = .197) were significantly different between AMCC and GMCC (Mann-Whitney 
U test, p < .05).  
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Organization of Coordination with GMCC
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Figure 5.  Rank of contact frequency of organizations by AMCC and GMCC (AF: Section A, 
Question 1). 

For the task of closing FIs, AF respondents coordinated with FSS and field technicians most 
often (see detailed results of AF: Section D, Question 3 in Appendix C).  In addition, as shown in  
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Figure 6, the three most problematic factors for AF in coordination were about information 
sources: information quality (Item 9), timely delivery (Item 8), and too many groups to 
coordinate with (Item 6) (see detailed results of AF: Section A, Question 3 in Appendix C). 
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1. Communication method (66) 
2. Unclear roles (of who should communicate with 

whom or who should be making decisions) (56) 
3. Unclear with whom to coordinate and when (57) 
4. Inability to reach the right person (64) 
5. None (4) 
6. Too many groups to coordinate with (70) 
7. Other (Please specify.) (8) 
8. Not getting information that you need in 

sufficient time (77)  
9. Insufficient or inaccurate information (77) 

Figure 6.  Problems AF currently face with coordination (AF: Section A,Question 3).  

Some respondents expressed that to have a successful coordination, it is critical to easily find the 
right person with whom to coordinate and have one POC (see the summary of participants’ 
responses to open-ended questions in Appendix E).   

To find out with whom to coordinate, AF respondents used both electronic forms and their past 
experience and training equally often (see detailed results of AF: Section A, Question 5 in 
Appendix C).  AT respondents relied upon their past experience and training more than any other 
memory aids (see detailed results of AT: Section A, Question 5 in Appendix D). 

There are many facets of information source, and one of them is staffing.  If there are not enough 
staff to coordinate, the information dissemination may be delayed, or the coordinator may not be 
at the desk to receive the information.  As the most critical obstacle to efficient coordination (see 
detailed results in Appendix E: Obstacles), AT respondents indicated the low staffing at AF and 
their availability.  AF respondents also expressed the same concern (see detailed results in 
Appendix E: Obstacles).  AT respondents strongly suggested the increase of AF staff to make 
coordination better (see detailed results in Appendix E: Suggestions).   

3.3.2  Information Content 

We asked AF and AT personnel a few questions about what information they collected and 
disseminated during coordination.  The questions belonged to four different categories: General, 
Scheduled Events, Unscheduled Events, and FIs. 

3.3.2.1  General 

We asked AF personnel if they provided AT with the information about the current and expected 
traffic conditions, weather conditions, chances for approval at the requested time, availability of 
alternative times, required backup systems, and special events.  We asked AT personnel if AF 
provided them with the same information.  Both of the groups responded that this information 
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was exchanged more than 50% of the time.  Both responded that they provided the information 
of the chances for approval at the requested time more often than any other information 
mentioned above (see detailed results of AF: Section A, Question 10 in Appendix C and AT: 
Section A, Question 7 in Appendix D).   

AF respondents relied on their training, experience, and electronic forms equally often to 
memorize what information to use for coordination and with whom to coordinate (see AF: 
Section A, Questions 4 and 5 in Appendix C).  AT respondents, however, used training and 
experience more often than electronic forms for both occasions (see AT: Section A, Questions 3 
and 4 in Appendix D).   

Even though the rank of “Using the same terminology” was not very high for both AF (see 
detailed results of AF: Section A, Question 2 in Appendix C) and AT (see detailed results of AT: 
Section A, Question 1 in Appendix D) in answering the question on the critical factors for 
effective coordination, it was ranked highest after the information-related factors.  One AF and 
seven AT respondents expressed it (i.e., not using the same terminology) as an obstacle for 
efficient coordination (see detailed results of the open-ended question in Appendix E: Obstacles). 

a. Releasing Service 

When AF personnel request that AT release a service, they need to provide enough 
information so that AT can decide on their concurrence with AF.  AF respondents 
identified that the most frequently provided information were “date and time of event 
being coordinated” (97%) and “expected duration of event being coordinated” (97%) (see 
the detailed results of AF: Section A, Question 9 in Appendix C).  AT respondents also 
thought that these information were the most frequently provided information from AF to 
them (91% and 90%, respectively) (see the detailed results of AT: Section A, Question 8 
in Appendix D).   

b. Prioritization 

AF personnel need to prioritize tasks depending on their workload and situation urgency.  
They responded that the air traffic information was the most important in prioritizing 
their tasks (see the detailed results of AF: Section A, Question 6 in Appendix C).  
However, they responded that, in general, AT personnel did not prioritize AF 
maintenance tasks.  On average, they gave the scale value 3.4 when they were asked to 
scale the frequency of AT prioritization between 1 and 10, where 1 = never and 10 = 
always (see the detailed results of AF: Section E, Question 7 in Appendix C). 

c. Beneficial Information 

We asked AF personnel if there was any information that was not currently provided to 
AT but would benefit coordination.  Even though their response rate was low for this 
question, they thought the information of technicians’ travel time would benefit 
coordination (see the detailed results of AF: Section A, Question 12 in Appendix C).  
This was also the information AT respondents mentioned most for the same question (see 
the detailed results of AT: Section A, Question 9 in Appendix D).  Not many AF 
respondents answered the question on the additional information from AT that was not 
currently provided but would be beneficial for coordination.  Nevertheless, 26 AF 
respondents thought the real-time depiction of aircraft flow would be beneficial (see the 
detailed results of AF: Section A, Question 11 in Appendix C).  
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3.3.2.2  Scheduled Events 

Just before the release of Scheduled Events, AF personnel ask AT about the previously approved 
schedule, an alternative time, and the necessary arrangement made for available back-up systems 
(AF: Section B, Question 1).  We gave the same list to AT personnel and asked them what 
information AF collected from them (AT: Section B, Question 1). 

As shown in Table 3, most AF and AT respondents exchanged information about the schedule.  
The information about the back-up system was not exchanged as often (see the detailed results of 
AF: Section B, Question 1 in Appendix C and AT: Section B, Question 1 in Appendix D). 

Table 3.  Percent of AF and AT Respondents Who Thought AF Provided AT With the 
Information Before Releasing Service During Scheduled Events 

 
Group Is the previously 

approved schedule 
still good? 

If the approved schedule 
is not good, is there 
alternative time available? 

Has AT made the 
necessary arrangement 
to use any available 
back-up systems?  

AF 93% 87% 54% 
AT 80% 67% 21% 

 

3.3.2.3  Unscheduled Events 

For Unscheduled Events coordination, AF respondents provided AT with information about what 
equipment and services (Item 12) were affected 80% of the time and the cause of event (Item 13) 
81% of the time  (AF: Section C, Question 1).  AT responded that AF provided the information 
about the expected restoration time (Item 8) most often, 78% of the time (Figure 7) (AT: Section 
C, Question 1). 

To test if AF personnel with more work experience may provide information to AT differently 
(AF: Section C, Question 1), we divided the AF respondents.  Using their median years of 
experience (4.5 years), we divided the AF respondents into two equal groups, that is, more 
experienced (equal to or more than 4.5 years) and less experienced (less than 4.5 years).  The 
overall patterns of information dissemination by the two groups were similar.  Mann-Whitney-U 
test showed that these two groups were not significantly different on any information (p > .05) 
(see detailed results of AF: Section C, Question 1 in Appendix C).   
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Information from AF and AT reported by AF and AT respondents
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           AF          AT 
  1. Other          (  9)        (   8) 
  2. Availability of staff if an alternate time is needed         (91)       (169) 
  3. Frequency of status updates         (90)       (166) 
  4. Availability of technicians with necessary skills         (93)       (169) 
  5. Activities needed to restore         (92)       (170) 
  6. Status of needed parts (e.g., availability)          (94)       (168) 
  7. Status of adjacent facilities         (93)       (170) 
  8. Expected restoration time          (93)       (174) 
  9. When are the other facilities expected to be returned to service?          (93)       (168) 
10. Status of technicians         (92)       (170) 
11. Are there other events scheduled that this event would impact?         (92)       (171) 
12. Equipment and services affected         (90)       (173) 
13. Cause of event          (93)       (171)  

Figure 7.  The percentage of time AF provided unscheduled events information to AT according 
to AF and AT respondents. 

3.3.2.4  Flight Inspections  

For FI coordination, AF respondents indicated that they provided AT with the time of the FI, 
information of the facility, identifiers, and runway numbers about 80% of the time (see the 
detailed results of AF: Section D, Question 1 of Appendix C).  AT respondents answered 
similarly (see the detailed results of AT: Section D, Question 1 of Appendix D).  

AF respondents reported that AT provided them with the information of expected traffic 
conditions at the time of scheduled FI 48% of the time, effect on traffic flow 49% of the time, 
availability of AT respondents to help FI, if needed 32% of the time, and the possibility of 
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interrupting FI 40% of the time (see the detailed results of AF: Section D, Question 3 of 
Appendix D).  AT respondents answered that they provided AF with the information about 66%, 
65%, 38%, and 60%, respectively (see the detailed results of AT: Section D, Question 2 of 
Appendix D).  To close out FI events, AF respondents coordinated most often with FSS 
personnel and AF field technicians (see the detailed results of AF: Section D, Question 3 of 
Appendix C).  

3.3.3  Information Quality 

Even though AF and AT respondents did not mention that information quality was a critical 
coordination problem (see Appendix E), they ranked insufficient or inaccurate information and 
not getting information needed in sufficient time (AF: Section A, Question 3, Item 1 and AT: 
Section A, Question 2, Item 1) as the highest ranked problems (Figure 8). 
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                                                                                                                                    AF              AT 
1. Communication method  (66)  (88) 
2. Unclear roles (of who should communicate with whom or  
    who should be making decisions)  (56)            (79) 
3. Unclear with whom to coordinate and when  (57)   (78) 
4. Inability to reach the right person  (64)   (77)  
5. Too many groups to coordinate with  (70)   (63) 
6. Not getting information that you need in sufficient time  (77)   (99) 
7. Insufficient or inaccurate information                                                                     (77)           (115) 

Figure 8.  Current problems in coordination perceived by AF and AT. 

3.3.4  Communication Method 

To exchange information, coordinators used a few different communication methods.  According 
to the research, the face-to-face communication was the most effective communication method 
(Smith et al., 1998; Warkentin et al., 1997).  Overall, AF respondents used the telephone most 
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often and used the face-to-face method quite often (Question 7 in Appendix C) (Figure 9).  AT 
respondents used the face-to-face method most often (Question 5 in Appendix D) (Figure 9).   
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Figure 9.  Communication methods of AF (left) and AT (right). 

These usage frequencies seemed to depend on the work environment as shown in Figure 10.  The 
respondents of AMCCs, which were collocated with ARTCCs, communicated face-to-face most 
often.  This contrasts with the communication methods of respondents at GMCCs that are not 
always collocated with AT facilities, who used telephones extensively.  The Mann-Whitney U 
test showed that AMCC and GMCC were significantly different in using the communication 
methods of face-to-face (p < .01), telephone (p < .01), and Internet (p < .05).  There was no 
significant difference for other communication methods between the two groups.   
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Figure 10.  Communication methods of AMCC (left) and GMCC (right). 

3.4  Mutual Understanding  

Converse et al. (1991), Langan-Fox et al. (2000), and Smith et al. (1998) argued that a shared 
mental model helps coordination be effective.  To test this, we asked AF personnel if they 
understood AT tasks and responsibilities and how thoroughly AT personnel understood their 
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roles and responsibilities (Section E, Question 9 of AF Questionnaire).  Their ratings were 7.6 
and 6.0, respectively (Figure 11).  We asked AT personnel the same question about AF (Section 
E, Questions 5 and 6 of AT Questionnaire).  Their ratings were 6.6 and 6.4, respectively (Figure 
12).   
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Figure 11.  AF respondents’ understanding of AT tasks and responsibilities (graph at the left) 
(mean: 7.6) and their assumed AT understanding AF tasks and responsibilities (graph at the 
right) (mean: 6.0). 
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Figure 12.  AT respondents’ understanding of AF tasks and responsibilities (graph at the left) 
(mean: 6.6) and their assumed AF understanding AT tasks and responsibilities (graph at the 
right) (mean: 6.4). 
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To the open-ended questions, both AF and AT responded that understanding each other was one 
of the most successful aspects (11 AF respondents and 6 AT respondents).  Thirteen AT 
respondents thought that AF’s lack of understanding AT tasks and knowing AF jobs was an 
obstacle for efficient coordination (see Appendix E). 

3.5  Distributing Responsibilities and Empowering 

Researchers claimed that to make coordination efficient, sometimes it is necessary to empower 
the other party and allow them to take initiatives (Eurocontrol, 1998; Lacher & Klein, 1993; 
MacDonald, 1998; Smith et al, 1998).  We asked AF personnel how often AT personnel 
prioritize their tasks (Figure 13).  The mean rating was 3.4.  This means the AT respondents 
seldom prioritized AF tasks. 
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Figure 13.  Ratings on the frequency of AT prioritizing AF tasks. 

3.6  Notification and Responsiveness  

For efficient coordination, each participating organization should promptly respond to the other’s 
requests.  For the statement of “Current response times to maintenance requests are adequate” 
(AF: Section E, Question 1), AF respondents gave a mean rating of 7.0 (1 = Never and 10 = 
Always).   

For the open-ended questions, 12 AF respondents mentioned that some AT personnel were slow 
on approvals and reluctant to release systems.  These were obstacles for efficient coordination.  
Seven AT respondents expressed that responsiveness was important to make coordination 
successful (see Appendix E). 

For Scheduled Events, we asked AF personnel how far in advance they notified AT of 
maintenance and how soon they received approval or disapproval (AF: Section B, Questions 3, 
4, 5, and 6).  We also asked AT personnel similar questions (AT: Section B, Questions 3, 4, 5, 
and 6).  Table 4 summarizes the results, which show that AF respondents’ notice and response 
times were longer than those that AT respondents claimed to be. 
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Table 4.  Mean Lead Time of Notice by AF and Response Time of Approval 
or Disapproval by AT for Scheduled Events 

AF to AT Lead Time  
of Advance Notice  

 

AT Response Times  
for Approval or Disapproval 

 Respondents 

Short-Term Long-Term Short-Term Long-Term 

AF 1 day, 10 hr, 20 m 8 days, 8 hr, 14 m 6 hr, 27 m 12 days, 5 hr, 9 m 

AT 1 day, 5 hr, 36 m 5 days, 6 hr, 39 m 5 hr, 22 m 1 day, 12 hr, 30 m 

 
We divided AF respondents into two groups by years of experience at the current position using 
their median years (4.5 years) to see if work experience matters in this issue.  We categorized 
respondents as more experienced when their experience years were equal to or longer than 4.5 
years and less experienced when theirs were less than 4.5 years.  We examined the data to 
determine if the groups differed in time to send advance notices to AT for the upcoming short-
term (less than 5 hours to complete) and long-term Scheduled Events (5 or more hours to 
complete).  The results showed there was no significant difference between the two groups for 
either short-term (p > .05, Mann-Whitney U test) or long-term (p > .05, Mann-Whitney U test).  
Actually, for both short-term and long-term Scheduled Events, the less experienced AF 
respondents gave longer advanced notices to AT than the more experienced.  The mean notice 
times for the short-term events were 1 day, 14 hours, 12 minutes for the less experienced and 1 
day, 6 hours, 18 minutes for the more experienced.  For the long-term events, the mean notice 
timers were 9 days, 8 hours, 26 minutes for the less experienced and 7 days, 16 hours, 15 
minutes for the more experienced.  

3.7  Open-Ended Questions 

AF and AT respondents indicated that their working relationship was the most important factor 
for successful coordination (Figure 14).  The next most successful aspect was face-to-face 
communication.  

They also thought that the worst obstacle of the current coordination was the information source 
(Figure 15).  Sometimes, they had difficulty finding the right person with whom to coordinate.  
For AF respondents, the next obstacle was slow AT responses.  For AT respondents, the low 
staffing at AF was the most serious obstacle.   

Not many AF and AT respondents expressed opinions on how to improve the current 
coordination processes (Figure 16).  For AF, local control, knowing the other’s needs and 
responsibilities, and communication methods were suggested most.  For AT, staffing, 
information source, knowing the others, and local control were suggested more often than others. 
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Figure 14.  The most successful aspects in coordination as perceived by AF and AT respondents. 
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Figure 15.  Obstacles to efficient coordination as perceived by AF and AT respondents. 
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Figure 16.  AF and AT respondents’ suggestions to improve the current coordination process. 

3.8  AMCC vs. GMCC and ARTCC vs. non-ARTCC 

AMCCs are collocated with ARTCCs.  Because of this collocation, AMCC and ARTCC 
respondents might have more efficient coordination than other respondents.  In the following sub 
sections, we present their differences on relevant questions on this issue (see Appendix E). 

3.8.1  AMCC vs. GMCC 

As shown in Table 5, AMCC and GMCC respondents had significantly different opinions on 
critical coordination issues.  We speculate that this may be due to AMCCs’ collocation with 
ARTCCs.   
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Table 5.  AMCC and GMCC respondents’ opinions on critical coordination issues and 
statistical results on their differences of opinions 

AMCC GMCC 

Questions 
Mean Standard 

Deviation Mean Standard 
Deviation 

t p 

Current response times to 
maintenance requests are adequate. 
(AF: Section E, Question 1) 
(1 = Strongly disagree,  
10 = Strongly agree) 

7.7 1.9 5.8 2.4 3.74 
(df=51) < .01 

There are clearly defined roles for 
coordinating with AT. 
(AF: Section E, Question 2) 
(1 = Strongly disagree,  
10 = Strongly agree) 

7.8 2.2 6.5 2.5 
2.55 

(df=85) 
< .05 

How thoroughly do you understand 
AT tasks and responsibilities? 
(AF: Section E, Question 8) 
(1 = Barely, 
10 = Extremely well) 

8.2 1.7 6.6 2.2 
3.40 

(df=85) 
< .01 

How thoroughly do you think AT 
personnel understand your roles 
and responsibilities? 
(AF: Section E, Question 9) 
(1 = Barely, 
10 = Extremely well) 

6.3 2.1 5.2 2.4 
2.29 

(df=85) 
< .05 

How successful is current AT/AF 
coordination? 
(AF: Section E, Question 10) 
(1 = Not successful, 
10 = Extremely successful) 

8.5 1.2 7.3 1.7 
3.68 

(df=46) 
< .01 

 

3.8.2  ARTCC vs. non-ARTCC  

To check further that close proximity and face-to-face communication may contribute to better 
coordination, we performed similar analyses with AT data.  As ARTCCs are collocated with 
AMCCs, ARTCC supervisors must coordinate often with AMCC AF personnel in face-to-face 
communication.     

As shown in Figure 17, ARTCC respondents used face-to-face communication extensively 
(65%) as opposed to Non-ARTCC respondents (47%).  ARTCC respondents used telephone 
communication about 30% of the time and non-ARTCC respondents used it about 49% of the 
time.  ARTCCs are collocated with AMCC.   
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Figure 17.  Communication methods by ARTCCs and Non-ARTCCs respondents. 

Even if the non-ARTCC respondents did not use the telephone more extensively than the face-to-
face communication method, their opinions on coordination still may be different from ARTCC 
respondents’.  In the following, we compared their results on answers to questions about their 
coordination with AF.  As shown in Table 6, ARTCC and non-ARTCC respondents’ opinions on 
any of critical coordination issues were not significantly different.  

It is not clear why we did not get similar results with AT data as with AF data (Table 5 vs. Table 
6).  This may be due to the fact that the frequency difference between ARTCC’s and non-
ARTCC’s usage of face-to-face communication was not as large as the frequency difference 
between AMCC’s and GMCC’s usage (Figure 17 vs. Figure 10). 

4.  Discussion 

There are several major influential issues for efficient coordination: information source, 
information quality, terminology, communication method, timely notice and 
responsiveness/feedback, competent personnel, common mental model including understanding 
the other’s needs and requirements, and empowering.  Our questionnaires touched all of these 
issues.  However, this research is a baseline study of AF and AT coordination, and we lack data 
to present a thorough and clear picture of some major issues.  For instance, Eurocontrol (1998) 
researchers thought empowering was good for efficient coordination.  We asked AF personnel 
how often AT personnel prioritized AF maintenance tasks.  Our results showed that according to 
AF respondents, AT personnel did not prioritize often.  The average rating was 3.4 with 1 = 
Never and 10 = Always (see detailed results in AF: Section E and Question 7 of Appendix C).  
The largest number of AF respondents (28%) selected Rating 1 (Never).  The number of the AF 
respondents who rated 1, 2, and 3 were about 64%.  From our data, we cannot tell if this is 
desirable or not for efficient AF and AT coordination.  A new study on this issue may shed light 
on this issue.  In the following, we discuss the major issues separately. 
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Table 6.  ARTCC and Non-ARTCC respondents’ opinions on critical coordination issues and 
statistical results on their differences of opinions 

ARTCC Non-ARTCC 
Questions 

Mean Standard 
Deviation Mean Standard 

Deviation 
t p 

There are clearly defined roles for 
coordinating with AF. 
(AT: Section E, Question 1) 
(1 = Strongly disagree, 
10 = Strongly agree) 

6.9 2.6 6.3 3.1 
1.12 

(df=74) 
> .05 

How thoroughly do you understand AF 
tasks and responsibilities? 
(AT: Section E, Question 5) 
(1 = Barely, 
10 = Extremely well) 

6.6 1.9 6.3 2.3 
.38 

(df=165) 
> .05 

How thoroughly do you think AF 
specialists understand your roles and 
responsibilities? 
(AT: Section E, Question 6) 
(1 = Barely, 
10 = Extremely well) 

6.5 1.9 6.2 2.1 
.83 

(df=165) 
> .05 

How successful is current AT/AF 
coordination? 
(AT: Section E, Question 7) 
(1 = Not successful, 
10 = Extremely successful) 

7.9 1.9 7.2 2.2 
1.87 

(df=165) 
> .05 

 

4.1  Information 

There are many facets of information-related issues (e.g., finding the information source; 
content; and quality; receiving a timely notice; sharing/exchanging information; communicating 
method; and different terminology between two groups).  The data clearly showed that there 
were information-related problems.   

AF and AT respondents ranked the two information-related problems highest (i.e., insufficient or 
inaccurate information and not getting information that they need in sufficient time) (AF: Section 
A, Question 2).  For AF respondents, the third-highest ranked item was that they were unclear 
with whom to coordinate and when.  They also cited the information-related obstacles most often 
in the open-ended question as the current obstacle.  The numbers of information-related obstacles 
as expressed by AF and AT respondents to the open-ended question were 20 (27%) for AF 
respondents and 44 (30%) for AT respondents.  If we do not include their responses of “None,” 
the percents for the category were 31% for AF and 42% for AT.  
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The rating for the question of “Current response times to maintenance requests are adequate” 
(AF: Section E, Question 1) was 7.0 for AF respondents.  We believe that this rating should have 
been higher if coordination is to be judged as efficient. 

4.2  Procedure and Control 

We asked AF and AT personnel if there were clearly defined coordination roles and 
responsibilities.  Their average ratings were 7.3 and 6.7, respectively (1= strongly disagree; 10 = 
strongly agree) (AF: Section E, Question 2).  We also asked AF personnel if there were 
mechanisms in place to detect inappropriate decisions in terms of acceptance and denial of 
requests for maintenance (AF: Section E, Question3).  The average rating was 5.3.  None of 
these ratings were high.   

Four AF and six AT respondents also cited the lack of proper procedure as an obstacle for 
coordination.  From these results, it is evident that the coordination procedure may not be clear to 
some personnel.     

For the overall patterns in disseminating information during Scheduled Events coordination, both 
AF and AT groups were similar.  However, more experienced AF respondents provided the 
information about the availability of back-up systems to AT more often than the less experienced 
AF respondents (84% vs. 69%).  The Mann-Whitney U test showed that the group’s difference 
on this was significant (p < .05).  For all other information, there was no significant difference 
between the two groups.  In addition, there were no significantly different patterns of AF 
respondents’ disseminating information to AT between these two groups when they coordinated 
with AT respondents for Unscheduled Events (Mann-Whitney U test, p > .05).  These results 
imply that even less experienced AF respondents could follow an established procedure without 
much difficulty when they disseminate information to AT.  

To the open-ended question on improving current coordination, nine AF and six AT respondents 
suggested that the local control of coordination is important for efficient coordination.  However, 
the MCC functions will be centralized and handled by the three Operations Control Centers 
(OCCs) (FAA, 1999a) in the future.  This centralization will cause all data for coordination to be 
collected, maintained, and disseminated by the OCCs.  The efficiency of coordination may 
depend largely on how well information is exchanged among coordinating units.  However, to 
exchange information, there are other things that need to be established first.  Knowing just the 
required information for a task is not enough for efficient coordination.  Coordinators are not just 
information processors.  They may need to diagnose the reported outage problems using the 
background information of the reports including the past outage history at the facility, 
characteristics of the facility, and the facility environment.  The OCC specialists may have 
competent, specialized technical knowledge of the systems and equipment.  However, they need 
to have common mental models and understand the other’s needs, roles, and responsibilities as 
numerous researchers have claimed in the past (Converse et al., 1991; Eurocontrol, 1998; Lacher 
& Klein, 1993; Langan-Fox et al., 2000; MacDonald, 1998; Smith et al., 1998).  We need to 
acknowledge these important factors for efficient coordination and incorporate them into the 
future centralized coordination of AF and AT by OCCs.  It will be a daunting challenge for the 
FAA to accomplish, because the research results favor the local, face-to-face coordination.  This 
issue may be studied in the future as a separate research project.  One way to improve the 
faceless telephone communication may be to use videoconferencing. 
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4.3  Communication Method 

Warkentin et al. (1997) reported that when coordination was done electronically, the members 
were less satisfied and experienced low team building.  For our open-ended question about the 
most successful aspect of coordination, 18 AF (21%) and 24 AT (15%) respondents cited “face-
to-face communication.”  This was mentioned most often after “working relationship” by both 
AF and AT respondents. 

This face-to-face communication implies many aspects of communication.  For instance, as they 
coordinate with each other in person, they receive instant feedback to their requests, obtain the 
information of the other’s needs and requirements easily, build personal relationships easily, and 
get familiar with the other’s personality.    

4.4  Working Relationship 

Respondents cited a good working relationship between AF and AT as one of the most 
successful aspects of the current coordination.  Thirty-one AF respondents (37%) and 40 AT 
respondents (25%) mentioned that a good working relationship between them was the most 
successful aspect of the current coordination.   

Eleven (13%) AF respondents and 6 (4%) AT respondents also cited that knowing each other’s 
needs and responsibilities was another successful aspect of the current coordination between 
them.  In the past, researchers also claimed that knowing each other and understanding the 
other’s needs and responsibilities (or mental models) are important for the efficient coordination 
(Converse et al., 1991; Langan-Fox et al., 2000; Smith et al., 1998).   

4.4.1  AMCC vs. GMCC in AF  

For the question of “How thoroughly do you understand AT tasks and responsibilities?” (AF: 
Section E, Question 8), AF respondents gave the rating of 7.6 (1= barely; 10 = extremely well).  
For AT respondents, the rating was 6.0 for the question of “How thoroughly do you understand 
AF tasks and responsibilities?”  

AF respondents gave the rating of 6.6 for the question of “How thoroughly do you think AT 
personnel understand your roles and responsibilities?”  (1= barely; 10 = extremely well).  For the 
same question about AF’s understanding, AT rated it 6.4.  From the two kinds of questions, it is 
possible that their mental models for the other organization were not well formed.  From our 
data, it is not clear why they do not have clear mental models for the other group. 

However, our data on the difference between AMCCs and GMCCs shed some light on this issue 
indirectly.  AMCCs are collocated with ARTCCs.  As summarized in Table 7, AMCC 
respondents gave more positive ratings to coordination than GMCC respondents did.  Their 
differences of all questions were statistically significant, and we speculate that this is due to their 
close proximity to AT facilities and personnel.  They also used face-to-face communication more 
often than other methods.  In contrast, GMCCs used telephone communication more often.  
GMCC personnel handled many different kinds of coordination and dealt with various 
organizations more than AMCC personnel.  This might also have made their coordination more 
difficult and complex. 
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Table 7.  Summary of AMCC and GMCC Respondents’ Ratings on  
Understanding Each Other and Working Relationship 

Average Rating 
Questions AMCC GMCC 
Current response times to maintenance requests are adequate.  
(AF: Section E, Question 1) 
(Rating 1 for “Strongly Disagree” and Rating 10 for “Strongly Agree”) 

7.7 5.8 

There are clearly defined roles for coordinating with AT.  
(AF: Section E, Question 2) 
(Rating 1 for “Strongly Disagree” and Rating 10 for “Strongly Agree”) 

7.8 6.5 

How thoroughly do you understand AT tasks and responsibilities? 
(AF: Section E, Question 8) 
(Rating 1 for “Barely” and Rating 10 “Extremely Well”) 

8.2 6.6 

How thoroughly do you think AT personnel understand your roles and 
responsibilities? 
(AF: Section E, Question 9) 
(Rating 1 for “Barely” and Rating 10 “Extremely Well”) 

6.3 5.2 

How successful is current AT/AF coordination? 
(AF: Section E, Question 10) 
(Rating 1 for “Not Successful” and Rating 10 for “Extremely Successful”) 

8.5 7.3 

 

This face-to-face communication method enables AF and AT personnel to receive immediate 
feedback on their requests.  It must have helped them build closer and positive working 
relationship.  Warkentin et al. (1997) reported that if coordination was done electronically or 
virtually, participants experienced team-building problems and got less satisfaction in the process 
than when they coordinated face-to-face.  This argument bears more significance because AF 
and AT respondents cited a good working relationship as an important factor for a successful 
coordination.   

4.4.2  ARTCC vs. non-ARTCC in AT 

On the AT side, ARTCCs are collocated with AMCCs.  We expected similar results.  For all of 
the relevant questions, there was no significant difference between ARTCC and non-ARTCC 
groups.  It is not clear why we did not get similar results on the communication method from the 
ARTCC and non-ARTCC categorization as we did from the AMCC and GMCC categorization.  
This less distinct difference between the two groups’ data may be due to the fact that the 
frequency difference between ARTCC and non-ARTCC on the usage of face-to-face 
communication was not as large as the frequency difference between AMCCs and GMCCs 
(Figure 17 vs. Figure 10).   

5.  Recommendations 

AF and AT have coordinated successfully.  However, our analyses of AF and AT respondents’ 
data revealed that a few important coordination practices can be improved.  Accordingly, we 
present several recommendations in the following.  They are not in any particular order.  
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1. Facilitate mutual understanding between AF and AT.  Our data and the previous research 
on coordination showed that it is important to understand the others’ needs and 
responsibilities for efficient coordination.  As some respondents suggested, it would 
facilitate their mutual understanding and make their coordination more effective if they 
interact more often by receiving training together and holding joint meetings. 

2. Devise measures to improve the information-related obstacles in the current coordination 
between AF and AT.  These were the major obstacles according to AF and AT respondents.  
Specifically, they cited information quality, finding coordinators, and receiving the relevant 
information in a timely manner.  The FAA needs to examine these separately and reduce 
the current information-related problems. 

3. Make the important, helpful information available to the AF and AT coordinating 
personnel.  Some AF and AT respondents expressed that certain information was not 
available but could be useful for coordination, such as the real-time traffic flow for AF 
personnel.  Some AT respondents mentioned that the information about equipment of the 
nearby facilities and AF technicians’ travel-time to the maintenance site could be 
beneficial.  When AF and AT personnel coordinate, they usually use face-to-face or 
telephone communication.  Thus, if computers relay some information automatically, the 
coordinators save time.  Some AF respondents also thought that there were too many 
organizations with which to coordinate.  If AF personnel can extract the necessary 
information using computers easily, they may not need to coordinate with all the 
organizations with which they currently coordinate.  Event Manager software supplies most 
of the necessary information.  The FAA needs to make the information available to both 
AF and AT. 

4. Increase the number of AF specialists who coordinate with AT.  Twenty-one AT 
respondents (14% of the AT respondents) mentioned that low AF and AT coordination 
staffing was a major obstacle.  Improving coordination procedures may also improve this 
situation. 

5. Educate the AF and AT personnel who are not the main designated coordinators but may 
be called upon to coordinate.  Our data showed that in AF, MCC specialists were not the 
only personnel who coordinated with AT.  Following the guidelines of a risk management 
document may solve this problem to some extent.  The FAA might also consider that MCC 
specialists only accomplish the coordination between AF and AT.  This could eliminate 
any confusion in coordinating. 

6. Create a separate, local coordination procedure.  The current data and other previous 
studies suggest that local control and face-to-face communication are effective for 
coordination.  Even if the coordination will be handled by three centralized OCCs as 
planned by the FAA, it may be beneficial to leave certain coordination at the local level and 
let the local AF sites handle the coordination between them and AT.  This requires the FAA 
to create a local procedure for certain coordination tasks. 

7. Make coordinators’ roles and responsibilities clear to AF and AT coordinators.  The current 
roles and responsibilities are not clear to some coordinators.  The FAA needs to give them 
training on this. 

31 



8. Standardize the terminology.  Some AF and AT respondents mentioned that the technical 
terminology created problems in communicating.  The FAA needs to standardize the 
technical terms and make them available to AF and AT personnel. 

9. AF respondents thought the current AT’s response time was not ideal.  The FAA could use 
the response times reported here by AF and AT as a guide and see if AF and AT could 
improve their respective notice and response time to the other coordinating organization.  
Less optimal response times for both parties may be due to their misunderstanding the 
necessary coordination procedure. 

10. Initiate a new study to address issues raised by this study.  This is a baseline study; 
therefore we could not answer all of them.  For instance, we do not know if empowering is 
useful for AF and AT coordination.  Currently, AF does not empower the other 
organization often.  In the ATM environment, empowering has been effective for 
coordination between AT providers and users.  We need to study this further to determine 
if empowering will benefit AF and AT coordination. 
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Acronyms 

AF   Airway Facilities 
AMCC Air Route Traffic Control Center Maintenance Control Center 
ARSR   Air Route Surveillance Radar 
ARTCC  Air Route Traffic Control Center 
AT   Air Traffic 
ATC    Air Traffic Control 
ATCS   Air Traffic Control Specialist 
ATCT   Air Traffic Control Tower  
ATC-TFM  Air Traffic Control-Traffic Flow Management 
ATM   Air Traffic Management 
CDM   Collaborative Decision Making 
FAA   Federal Aviation Administration 
FI   Flight Inspection 
FICO   Flight Inspection Central Operations 
FSS   Flight Service Station 
GMCC   General Maintenance Control Center 
MCC   Maintenance Control Center 
NAS   National Airspace System 
n.d.   no date 
NMCC   National Maintenance Control Center 
NOCC   National Operations Control Center 
NOM   NAS Operations Manager 
NOTAM  Notice-To-Airmen 
OCC   Operations Control Center 
OM   Operations Manager 
OS   Operations Supervisor 
PASS   Professional Airways Systems Specialists 
POC   Point of Contact 
SD   Standard Deviation 
SME   Subject Matter Expert 
SMO    Systems Maintenance Office 
TFM   Traffic Flow Management 
TRACON  Terminal Radar Approach Control 
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APPENDIX B 

Questionnaire Form for AT Personnel 

 



 
B - 1



 
B - 2



 
B - 3



 
B - 4



 
B - 5



 
B - 6



 
B - 7



 
B - 8



 
B - 9



 
 

B - 10 



APPENDIX C 
AF Results 

 



AF Results 
In the following we summarized the data of all of the questions except the demographic data, 
which were already summarized in the main body of this report (see the Appendices A for the 
full descriptions of AF questionnaires).  In the following graphs, the numbers in the parentheses 
by the legend items are the number of valid responses, i.e., the total number of participants who 
responded to that particular item.  Usually the number of participants who responded to “Other” 
was small.  Because of that, we did not mention the data for this “Other” item unless there were 
any significant facts to report.  The number of respondents for each question varied because not 
all of them answered all of the questions.  

For some questions, we examined the distributions of the AF personnel responses based on their 
work experience to examine the effect of experience on types of information they relayed to the 
AT (Section A: Question 9 and Section C, Question 1) and MCC types (i.e., AMCC and GMCC) 
on various issues as mentioned in the main body of this report  (Questions 1, 2, and 3 in Section 
A; Questions 1, 2, 3, 7, 8, 9, and 10 in Section E).   
All tests were done without including the data of the “Other” items because not many responded 
to that item.  For Questions 1, 2, and 3 in Section A and Question 1 of Section C were tested 
using Mann-Whitney U test.  This non-parametric test combines data of the two groups, rank 
them, and test if the ranks of one group are higher than those of the other group.  Because the 
values of respondents’ answers to questions in Section E were single rating values, we could use 
parametric independent t tests for them. 
In the following graphs for rank data, even though respondents used smaller numbers to 
designate higher ranks (such as 1 as the highest), we showed high ranks as high bars in the 
graphic representation.  For this purpose, we subtracted the raw ranks from the total number of 
items in the question and used these new numbers for graphic representation.  We ordered the 
items by rank on the x-axis. 
 

A.  Overall Coordination 

1.  Rank the amount of overall coordination you do with each of the following groups. 
The most frequent contacts were made to AT Center personnel (Item 13).  The next frequent-
contacts were made to AF field technicians (Item 12) and AF personnel in other facilities (Item 
11). The general pattern of the data shows that most of the contacts were made to either AT 
(Items 9, 10, and 11) or AF personnel (Items 5, 7, 11, and 12).  The contacts to telephone 
companies were also frequent (Item 8).   
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Coordination Organization of AF
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1: Other government agencies (e.g., NOAA, 
FEMA, NASA) (69) 
2: Local authorities (including airport, fire, police) 
(74) 
3: FI personnel (e.g., FI Central Operations [FICO]) 
(67) 
4: Military contacts associated with joint use 
facilities (75) 
5: NOCC (83) 
6: Other (Please specify.) (12) 
7: FSS personnel (81) 
8: Telephone companies (87) 
9: AT Tower personnel (78) 
10: AT TRACON personnel (78) 
11: AF personnel at other facilities (86) 
12: AF field technicians (86) 
13: AT Center personnel (78) 

 
 
AMCC AF personnel coordinated with AT Center personnel (Item 13) most often.  This may be 
because their work locations were at the same facility.  They coordinated with AF personnel at 
other facilities (Item 11) and technicians (Item 12) frequently.  GMCC personnel coordinated 
with field technicians (Item 12) most frequently.  They also coordinated with AT TRACON 
(Item 10), AT Tower (Item 9), and FSS personnel (Item 7) more often than AMCC personnel did 
with them.  All items except Items 2 (p = 0.439) and 6 (p = 0.197) were significantly different 
between AMCC and GMCC (Mann-Whitney U test). 
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Organization of Coordination with GMCC
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2. Rank the critical factors for effective AF/AT coordination. 
The highest ranked critical factor was the “Established relationship between AF and AT (Item 
10).”  This is followed by the “Well established coordination procedure (Item 9).”  Other highly 
ranked items were “Communication method (Item 8),” “Understanding and appreciating the 
other person’s duties and responsibilities (Item 7),”  “Getting to the right person (Item 6),” and 
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“Using the same terminology (Item 5).” Except the seventh item, i.e., “Understanding and 
appreciating the other person’s duties and responsibilities (Item 7),” all the others were about the 
first contact they make to coordinate. 
 

Critical Factors in Coordination
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1. Other (Please specify.) (6) 
2. Personality of AT person (78) 
3. Workload of AT person (e.g. is he/she busy with 
other duties) (85) 
4. AT’s understanding of what is wrong with the 
equipment (84) 
5. Using the same terminology (89) 
6. Getting to the right AT person (85)  
7. Understanding and appreciating the other 
person’s duties and responsibilities (89)  
8. Communication method (83)  
9. Well established coordination procedures (88) 
10. Established relationship between AF and AT  
(91) 

 

 

There was no significant difference in selecting critical factors between the two MCC groups 
(Mann-Whitney U test; p > .05).  
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Critical Factors in Coordination of GMCC
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3.  Rank the problems you currently face with coordination. 
The results show that the major problem is related to information: what information (Item 9) and 
getting it in a timely manner (Item 8).  Respondents also indicated that there were too many 
groups to coordinate with (Item 6). 
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Problems in Coordination (AF)
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1. Communication method (66) 
2. Unclear roles (of who should communicate with 
whom or who should be making decisions) (56)
3. Unclear with whom to coordinate and when (57)
4. Inability to reach the right person  (64) 
5. None (4)
6. Too many groups to coordinate with (70)
7. Other (Please specify.) (8) 
8. Not getting the need information in sufficient time 
(77)
9. Insufficient or inaccurate information (77)  

 
Comparatively, more GMCC personnel than AMCC personnel perceived there were too many to 
coordinate with (Item 6) (Mann-Whitney U test, p < .05).  Other items were not significantly 
different between these two groups. 
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Problems in Coordination of GMCC
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4. Rank how often you use the following memory aids to tell you what information to use 
for coordination purposes.  
 
The results showed that they used Event Manager or other computer software (Item 6) and their 
past training and experience (Item 7) as memory aids of information most frequently.  They used 
electronic form (Item 6) more often than paper forms (Items 1, 3, 4, and 5). 
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1. Flowcharts (47) 
2. Other (Please specify.) (7) 
3. Handwritten notes on paper or sticky 
notes (74) 
4. Checklist (69) 
5. Paper form with spaces for the needed 
information (56) 
6. Electronic form with spaces for the 
needed information (70) 
7. Rely on training and experience (90) 
8. None (0) 
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5. Rank how often you use the following memory aids to tell you with whom to coordinate. 
The respondents’ responses were similar to theirs to Question 4 about the information memory-
aids.  Again, their most frequent memory aid to record with whom to coordinate were electronic 
form (Item 6) and previous training and experience (Item 7).  They also used electronic form 
(Item 6) more often than paper forms (Items 1, 3, 4, and 5). 
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1. Flowcharts (43) 
2. Other (5) (Please specify.) 
3. Handwritten notes on paper or sticky notes (66) 
4. Paper form with spaces for the needed information 
(53) 
5. Checklist (64) 
6. Electronic form with spaces for the needed 
information (74) 
7. Rely on training and experience (88) 
8. None (1) 

 

6. Rank the information you use to prioritize maintenance activities? 
The major consideration for prioritization of maintenance was about the air traffic situation (Item 
10).  This was followed by the effect of this maintenance activity on adjacent facilities (Item 8) 
and other events (Item 7), and checking if the current activity is corrective or preventive 
maintenance (Item 6).  The expected weather is also considered (Item 5).  However, the expected 
time to complete the task was not considered highly in prioritizing the tasks (Item 4). 
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Information for Prioritization
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1. Would staff be available if an alternative time 
was needed (77) 
2. Level of airport (62) 
3. Impact on requestor (AF) if the event was not 
approved at the time requested (83) 
4. How long does it take to complete the event (82) 
5. Expected weather conditions at the time of 
scheduled event (85) 
6. Is the scheduled event to do corrective 
maintenance or routine preventive maintenance (84) 
7. Are there other events scheduled that this event 
would impact (87) 
8. Status of adjacent facilities (82) 
9. Other (Please specify.) (4) 
10. Is it a good time in terms of air traffic (88) 

 

7. When you coordinate with AT personnel, what percentage of the time do you use the 
following communication methods? 
The respondents’ communication methods are mostly either face-to-face (Item 1) or telephone 
(Item 2). Other electronic communication methods such as e-mails were not used often. 
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1. Face-to-face conversation (70)  
2. Telephone (80)  
3. E-mail (31)   
4. Internet (10)  
5. Fax (23)   
6. Formal briefing or regularly scheduled meeting 
(45) 
7. Other (Please specify.) (2) 

 

The graphs below clearly show the major difference in communication methods between AMCC 
and GMCC personnel.  Personnel of the AMCCs, which are collocated with ARTCCs, 
communicated face-to-face most often.  This contrasts with the communication method of 
personnel at GMCCs, which usually are not collocated with AT facilities, use telephones 
extensively.  Mann-Whitney U test showed that the groups were different in using face-to-face  
(p <. 01), telephone (p < .01), and Internet (p < .05).  There was no significant difference in using 
other communication methods between the two groups.   
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8. What time of day do you coordinate with AT personnel?  (Percentages (%) should add to 
100.) 
 
Coordination can occur at any time in a day (Item 5), but mostly it occurs in the mornings (Item 
1). 
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1. Morning (6 AM - just before 12PM) (67) 
2. Afternoon (12 PM - just before 6 PM) (65) 
3. Evening (6 PM - just before 12 AM) (64)   
4. Late Night (12 AM - just before 6 AM) (59) 
5. No particular time (35) 

 

9. What percentage of time do you provide the following information to AT when 
requesting release for maintenance? 
AF provided all information in the list to AT more than half of the time except Item 14 (46%). 
The information of date and time of the event (Item 6) and the expected duration of the event 
(Item 7) were provided to AT most of the time (97% for both information). 
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Information from AF to AT
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1. Requesting organization (91)  
2. What the system’s function is within the NAS (91) 
3. The criticality of a system or service (90)  
4. Backup systems available (89)   
5. Other current maintenance activities (90)  
6. Date and time of event being coordinated (94) 
7. Expected duration of event being coordinated (92)  
8. Time needed to return to service in case of emergency (94) 
9. AT facilities impacted (93)  
10. Why maintenance is needed (94)   
11. Consequences if maintenance doesn’t occur (e.g., if the 
window for maintenance is closed) (91) 
12. Procedures for AT to contact AF if immediate restoration 
should be necessary (92) 
13. Resources currently being applied to resolve the problem 
(92)  
14. Additional resources needed to perform the maintenance 
(90) 
15. Other scheduled events that this event would impact (92) 
16. Status of adjacent facilities (91)   
17. Other (Please specify.) (10)  

 
The following graphs show the results for this question for less and more experienced AF 
personnel at the current MCC positions they held.  To categorize them into two groups, we first 
found the median value of the years all AF personnel worked at the position.  It was 4.5 years.  
This median year divided the group into two equal numbers of people, that is, more experienced 
and less experienced, based on the years of their experience at the current position.  The overall 
patterns of both groups are similar except the less experienced personnel gave AT the 
information of “requesting organization” (Item 1) more often than more experienced personnel 
(77% vs. 66%).  In contrast, more experienced personnel provide the information about the 
availability of backup systems (Item 4) to AT more often than less experienced personnel (69% 
vs. 84%).  Mann-Whitney U test showed that the groups’ difference on this item was significant 
(p < .05).  For all other items, there was no significant difference between two groups. 
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10.  What percentage of time does AT provide the following information to you when you 
are coordinating maintenance activities? 
All of the information represented in the above items were provided by AT to AF more than half 
of the time.  The information about backup systems (Item 5) was the least reported information 
(50%). 
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1. Current and expected traffic conditions (95)  
2. Current and expected weather conditions (94) 
3. Chances for approval at the requested time (95) 
4. Alternate time or times available (95) 
5. Backup systems required (93) 
6. Special events (e.g., VIP flights, shuttle launch, air 
show) (92) 
7. Other (Please specify.) (10) 

 

11. Is there additional information from AT that is NOT currently provided to you that 
would benefit coordination?  
The number of responses to this question was low (see the frequencies in parentheses).  The 
maximum possible frequency was 95 as the same to all other AF questions.  About 20% of the 
AF respondents thought the information presented in this question, that is, air traffic flow, 
weather in real-time, availability of back-up systems, and special events, would be useful for 
their coordination. 
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1. Real time depiction of aircraft flow (26) 
2. Real time depiction of weather (20) 
3. Backup systems required (15) 
4. Special events (e.g., VIP flights, space shuttle 
launch, air show) (23) 
5. Other (7) (Please specify.) 
6. None (40) 
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12. Is there additional information that is NOT currently provided to AT that would 
benefit coordination?  
The response frequency of AF respondents was very low for this question.  The maximum 
possible frequency was 95.  Twenty-six respondents thought the information of technician’s 
travel time would benefit coordination with AT. 
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1. Maintainer schedules (14) 
2. Interdependencies of systems (12)  
3. Status of equipment at nearby facilities  (12) 
4. Availability of parts (11) 
5. Travel time for technicians (26) 
6. Other (Please specify.) (5) 
7. None (44) 

 
 
B. Scheduled Event Coordination 
 
1. When performing the final assessment for release for Scheduled Events, what 
information do you collect from AT personnel?  
To assess the release, most of the AF respondents thought they needed the information of the 
previously approved schedule (Items 1 and 2).  To a lesser degree, 53 respondents (23% of the 
total respondents who answered this question) wanted to know if AT made an arrangement for a 
backup system (Item 3). 
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1. Is the previously approved schedule still good? 
(88) 
2. If the approved schedule is not good, is there an 
alternate time available? (83) 
3. Has AT made the necessary arrangement to use 
any available backup systems? (51) 
4. Other (Please specify.) (3) 
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2. What Scheduled Event interactions with AT are currently recorded? 

AF recorded interactions between them and AF (Items 2, 3, and 4) more often than other 
interactions (Item 1). Updates to AT by AF were not recorded as often as the other kinds of 
interactions between them. 
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1. All exchanges between the organizations (46) 
2. Initial contact between AT and AF (66) 
3. Contact with AT resulting in new information 
(63) 
4. Updates to AT by AF (59) 
5. Other (Please specify.) (10) 

 
3. On average, how much in advance do you usually inform AT personnel of a Scheduled 
Event for short-term (less than 5 hours to complete) maintenance?: 1 day 10 hours 20 
minutes 
4. On average, how much in advance do you usually inform AT personnel of a Scheduled 
Event for long-term (5 or more hours to complete) maintenance?: 8 days 8 hours 14 
minutes 
5. On average, how soon do you usually receive either approval or disapproval responses 
from AT for a short-term (less than 5 hours to complete) Scheduled Event?: 6 hours and 27 
minutes 
6. On average, how soon do you usually receive either approval or disapproval responses 
from AT for a long-term (5 or more hours to complete) Scheduled Event?: 2 days 5 hours 
31 minutes 
7. What percentage of time does AT ask to reschedule a Scheduled Event?: 20.1% 
 

C. Unscheduled Event Coordination 

1. What percentage of time do you provide the following information to AT as you 
coordinate Unscheduled Events?  
The most frequently provided information to AT by AF was what equipment and services were 
affected (Item 8) and the cause of event (Item 9).  Items 2 and 9 were about events and were 
reported to AT quite frequently.  The information on facilities (Items 3 and 4) and parts (Items 3, 
4, and 12) was also frequently provided.  The expected restoration time (Item 1) was one of the 
most frequently provided information to AT.  The information on activities to restore (Item 5) 
and frequency of status updates (Item 7) may be categorized as background information and was 
not provided to AT often.  Also, in general, the information about staff (Items 6, and 10) was not 
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reported as often as the other information except the information on the status of technicians who 
work on the current maintenance (Item 11). 
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1. Expected restoration time (93) 
2. Are there other events scheduled that this event would 
impact?  (e.g., Scheduled Events that may need to be 
cancelled) (92) 
3. Status of adjacent facilities (93)  
4. When are the other facilities expected to be returned to 
service (RTS) (93) 
5. Activities needed to restore (92) 
6. Availability of staff if an alternate time is needed (91)  
7. Frequency of status updates (90) 
8. Equipment and services affected (90) 
9. Cause of event (93)   
10. Availability of technicians with necessary skills (93) 
11. Status of technicians (e.g., on site, en route, expected 
arrival time) (92) 
12. Status of needed parts (e.g., availability) (94) 
13. Other (Please specify.) (9) 

 
The following graphs show the results for this question for less and more experienced AF 
personnel at the current MCC positions they held.  To categorize them into two groups, we first 
found the median value of the years all AF personnel worked at the position as we did for 
Section A, Question 7 previously.  Mann-Whitney-U test showed that these two groups were not 
significantly different each other on any items.   
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2. What percentage of time does AT provide the following information to you as you 
coordinate Unscheduled Events?  
All of the information represented by the items was provided quite frequently as shown in the 
graph (above 50%).  The most frequently reported information was about the potential impact on 
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NAS operations and traffic (Items 1, 2, and 9).  The information about backups (Items 6 and 8) 
was not provided as frequently as the other information. 
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1. Potential impact on NAS operations (93) 
2. Potential traffic delays (93)  
3. Restoration time requirements (92) 
4. Relative importance to the flow of traffic at other 
facilities (92) 
5. Current and expected weather conditions (93) 
6. Backup systems or procedures in use during the 
time of the event (92) 
7. Special conditions that may be impacted (e.g., VIP 
flight) (92) 
8. How well the transition to backup proceeded (92) 
9. Air traffic restrictions implemented (92)  
10.  Other (Please specify.) (11) 

 
3. What Unscheduled Event interactions with AT are currently recorded? 
All of the information represented in the items was recorded more than half of the times (above 
50%). 
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1.  All exchanges between the organizations (56) 
2.  Initial contact between AT and AF (61) 
3.  Contact with AT resulting in new information (58) 
4.  Updates to AT by AF (55) 
5.  Other (Please specify.) (8) 

 
4. How soon do you usually receive responses from AT, either approval or disapproval, for 
an Unscheduled Event? : 2 hours and 41 minutes. 
 
D. Flight Inspection (FI) Coordination: 
 
1.  What percentage of time do you provide the following information to AT as you 
coordinate Flight Inspections? 
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The specific information of the flight inspection (Items 6 [type of interaction] and 9 
[consequences if not completed]) and facilities and systems (Items 1, 3, and 4) was the most 
frequent information AF provided to AT.  The information about time (Items 2 and 5) was also 
quite frequently provided to AT.  The other information (Items 7, 8, 10, and 11) was not 
provided as often (less than 50%). 
 

Information From AF to AT for FI
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1. The facility being inspected (79) 
2. The time requested by AF and FI personnel (78) 
3. The identifier (77)   
4. Runway number (if ILS system) (76) 
5. Estimated length of the inspection (77) 
6. The type of inspection (e.g., routine, post accident, 
or a commissioning FI) (78) 
7. Whether AT person needs to be designated for entire 
FI (77)   
8. Preferred alternative schedule if required (77) 
9. Consequences of not being able to complete the FI 
(76) 
10.FI aircraft tail number  (77) 
11. Pattern of flight in airspace. (e.g., circling in a 
particular area, landing, etc.) (77) 
12. Other (Please specify.) (13)  

 
2. What information does AT provide to you as you coordinate Flight Inspections? 
The most frequently provided information from AT to AF was about traffic whether the traffic 
condition would change during scheduled time (Item 1) and the effect of maintenance on traffic 
flow (Item 2) (about 50% for both items). 
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1. Expected traffic conditions at time of scheduled FI 
(79) 
2. Effect on traffic flow (80)   
3. Availability of AT personnel to help FI if needed 
(80) 
4. Are interruptions to the FI possible (e.g. due to 
traffic) (80) 
5. Other (Please specify.) (18) 

 
3. With whom do you coordinate when closing out a flight inspection event (e.g., if a 
NOTAM is issued or cancelled)?  
AF contacted FSS personnel (Item 4) and AF field technicians (Item 7) most often to coordinate 
the closing of the flight inspection event, about 60% for both.  They also contacted other AT and 
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AF personnel at other AF and AT facilities (Items 1, 2, 3, and 6) more often than NOCC (Item 
5), flight inspection personnel (Item 8), and military contacts (Item 9). 
 

Coordination Agent
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1. AT Tower personnel (43) 
2. AT TRACON personnel (43) 
3. AT Center personnel (41) 
4. FSS personnel (58) 
5. NOCC (28) 
6. AF personnel at other facilities (38) 
7. AF field technicians (59) 
8. Flight inspection personnel (27) 
9. Military contacts associated with joint use facilities 
(18) 
10. Other (Please specify.) (6) 
11. None (9) 

 
 
E. Your Opinion 
 
All of the 95 respondents completed the following questions in this section except that some did 
not fill out the open-ended Questions 4, 5, and 6. 
 
1.  Current response times to maintenance requests are adequate. 
The mean score was 7.0.  Overall, the respondents moderately agreed with the statement that 
current response times to maintenance requests were adequate. 
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The mean ratings for AMCC and GMCC were 7.7 and 5.8, respectively.  Overall, more AMCC 
than GMCC personnel thought the AT’s response time was adequate.  The independent t tests 
showed a significant difference between the two groups, t (51) = 3.74, p < .01; the degrees of 
freedom was adjusted because the equal-variance assumption of the two groups’ distributions 
was rejected.  Without the adjustment, it should have been 85. 
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2. There are clearly defined roles for coordinating with AT.  
The mean score was 7.3.  The AF personnel agreed moderately that there were clearly defined 
roles in coordinating with AT. 
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The means of AMCC and GMCC ratings were 7.8 and 6.5, respectively.  The t test showed their 
rating patterns were significantly different, t (85) = 2.55, p < .05.  AMCC personnel agreed with 
the statement of the question more strongly than GMCC personnel. 
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3. There are mechanisms in place to detect inappropriate decisions (to accept/deny 
maintenance). 
The mean score was 5.6.  This is close to the neutral position (score 5.5), that is, they did not 
either agree or disagree with the statement above. 
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The mean AMCC and GMCC ratings were 5.8 and 5.1, respectively.  Both groups’ ratings were 
close to the neutral rating, that is, 5.5.  Their rating patterns were not significantly different, t 
(85) = 1.22, p > .05. 
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4. What are the most successful aspects of current AF/AT coordination? (The results of this 
question are summarized in Appendix E.) 
5. Please describe any obstacles you currently face with coordination. (The results of this 
question are summarized in Appendix E.) 
6. Describe any suggestions you have for improving the current coordination process with 
AT. (The results of this question are summarized in Appendix E.) 
7.  How often do AT personnel prioritize your maintenance tasks for you? 
The mean score was 3.4, which means that AT rarely prioritized AF’s tasks. 
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The mean ratings by AMCC and GMCC personnel were 3.7 and 3.3, respectively (see graphs 
below).  They were not significantly different, t (85) = .79, p > .05. 
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8. How thoroughly do you understand AT tasks and responsibilities? 
The mean score was 7.6.  This means that AF personnel thought that they understood AT tasks 
and responsibilities to some extent. 

Barely -- Extremely Well
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The mean rating scores for AMCC and GMCC were 8.2 and 6.6, respectively.  More AMCC 
than GMCC personnel thought they understood AT tasks and responsibilities better.  This 
difference was significant, t (50) = 3.40, p < .01. The degree of freedom was adjusted because 
the equal-variance assumption of the two groups’ distributions was rejected.  Without the 
adjustment, it should have been 85. 
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9. How thoroughly do you think AT personnel understand your roles and responsibilities? 
The mean score was 6.0, which was close to the neutral position (score 5.5).  AF personnel 
believed that AT personnel did not understand AF’s roles and responsibilities well. 
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Both AMCC and GMCC groups gave low ratings to this question.  AMCC and GMCC personnel 
gave 6.3 and 5.2 in average, respectively.  However, more AMCC than GMCC personnel 
thought the AT counterpart understood AF’s roles and responsibilities.  The groups’ rating 
patterns were significantly different, t (85) = 2.29, p < .05. 
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10. How successful is current AT/AF coordination?  

The mean score was 8.1.  This means that AF personnel thought that the current AF/AT 
coordination was successful to some extent. 

 

Not Sucessful -- Extremely Successful
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The mean ratings of AMCC and GMCC personnel were 8.5 and 7.3, respectively.  Their ratings 
were significantly different, t (46) = 3.68, p < .01.  The degrees of freedom was adjusted because 
the equal-variance assumption of the two groups’ distributions was rejected.  Without the 
adjustment, it could have been 85.  AMCC respondents considered the current coordination more 
favorably than GMCC respondents. 
 

C - 21 



Not Sucessful -- Extremely Successful (AMCC)

10987654321

P
er

ce
nt

 (%
)

40

30

20

10

0

 Not Successful -- Extremely Successful (GMCC)

10987654321

P
er

ce
nt

 (%
)

40

30

20

10

0

 

 

C - 22 



APPENDIX D 

AT Results 

 



AT Results 
In the following, we summarized the data of the questions except the demographic data (see the 
Appendix B for the full descriptions of AT questionnaire).  The results of demographic data were 
presented in the previous Results section of this report.  In the following graphs, the numbers in 
the parentheses by the legend items are the number of valid responses, i.e., the total number of 
participants who responded to that particular item.  Usually the number of participants who 
responded to “Other” was small.  Because of that, we did not discuss the data for this “Other” 
unless there were any significant facts to report.  For each question, the number of respondents 
for each question varied.  The possible maximum number was 179 because the data of 179 AT 
personnel were used for the analysis.   

For Section A, Questions 1, 2, 3, and 4, we tabulated the frequency of items being ranked first by 
respondents because the averaged data did not show a clear picture.  This number is presented in 
the second parentheses by each legend.  

As shown in the results of AF data, the collocation of AMCCs and ARTCCs mattered for the 
efficient coordination.  To test this from the perspectives of AT, we divided data of Section 1, 
Questions 1 and 2 and Section E, Questions 1, 5, 6, and 7 into ARTCC respondents’ and non-
ARTCC respondents’ and compared the two groups’ data for each question.  We identified 119 
ARTCC and 49 non-ARTCC respondents among 179 respondents.   

In the following graphs for rank data, even though respondents used smaller numbers to 
designate higher ranks (such as 1 as the highest), we showed high ranks as high bars in the 
graphic representation.  For this purpose, we subtracted the raw ranks from the total number of 
items in the question and used these new numbers for graphic representation.  We ordered the 
items by rank on the x-axis. 
 
A. Overall coordination 
 
1. Rank the most critical factors for effective AT/AF coordination. 
All of the factors were ranked similarly except the Item 1 (“Personality of AF person”).  The 
“Other” factor was ranked high but only six respondents used it.  To explore the data to see if 
there were any meaningful differences between the factors, we tabulated the frequency of how 
many times each factor was ranked first.  The results showed that Item 9 (“Established 
relationship between AT and AF”), Item 8 (“Well established coordination procedure”), Item 7 
(“AT’s understanding of what is wrong with the equipment”), and Item 5 (“Getting to the right 
AF person”) were very important to many respondents.  (Please see the second numbers by the 
items.) 

When we tested if ARTCC and non-ARTCC respondents’ ranks were significantly different 
using the non-parametric Mann-Whitney U test, we found personnel at non-ARTCCs rated Item 
9 (“”Established relationship between AT and AF”) (p < .5), Item 5 (“Getting to the right AF 
person”) (p < .05), and Item 2 (“Workload of AF person”) (p < .05) significantly higher than the 
personnel at ARTCCs.  Personnel at ARTCCs rated Item 4 (“Using the same terminology”) 
significantly higher than the personnel at non-ARTCCs (p < .01).  
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1. Personality of AF person (129) (1) 
2. Workload of AF person (e.g. is he/she busy with other 
duties) (147) (8) 
3. Understanding and appreciating the other person’s 
duties and responsibilities (156) (15) 
4. Using the same terminology (164) (19) 
5. Getting to the right AF person (144) (34) 
6. Communication method (157) (11)  
7. AT’s understanding of what is wrong with the 
equipment (167) (31) 
8. Well established coordination procedures (163) (33) 
9. Established relationship between AT and AF  (162) 
(34) 
10. Other (Please specify.) (6) 

Cirtical Factors in Coordination (ARTCC)
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Crtical Factors in Coordination (Not ARTCC)
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2. Rank the problems you currently face with coordination.  

The quality of information (Item 7) and getting the information in sufficient time (Item 6) were 
the most critical problems in coordination as shown in the graph.  The second numbers in 
parentheses were the frequency of being ranked first as mentioned before.  Items 7 and 6 were 
ranked first by 46 and 23 participants, respectively.  Other items were ranked first by fewer 
participants. 

Mann Whitney U test showed that there was a significant difference on Item 7 (“Insufficient or 
inaccurate information”) (p < .01), Item 6 (“Not getting information that you need in sufficient 
time”) (p < .1), and Item 4 (“Inability to reach the right person”) (p < .01) between ARTCC and 
non-ARTCC respondents’ ranks.  
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Problems in Coordination
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1. Too many groups to coordinate with (63) (8) 
2. Communication method (88) (5) 
3. Unclear roles (of who should communicate with 
whom or who should be making decisions) (79) (15) 
4. Inability to reach the right person  (77) (16) 
5. Unclear with whom to coordinate and when (78) 
(13) 
6. Not getting information that you need in sufficient 
time (99) (23)  
7. Insufficient or inaccurate information (115) (46) 
8. Other (Please specify.) (15) (12) 
9. None (18) (18) 

Problems in Coordination (ARTCC)
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 Problems in Coordination (NOT ARTCC)
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3. Rank how often you use the following memory aids to tell you what information to use 
for coordination purposes. 
Item 7 (“Relying on training and experience”) was the most frequently used memory aid to keep 
the record of coordination information.  It was also ranked number 1 by 68 participants, which 
was the most. 
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Memory Aid on What Information to Use
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st 1. Flowcharts (34) (0) 
2. Electronic form with spaces for the needed 
information (71) (14)   
3. Handwritten notes on paper or sticky notes 
(122) (29)  
4. Paper form with spaces for the needed 
information (96) (29)     
5. Checklist (100)  (33)    
6. Other (Please specify.) (13) (5) 
7. Rely on training and experience (145) (68) 
8. None (4) (5)  

 
4. Rank how often you use the following memory aids to tell you with whom to coordinate. 
As for the question 3, Item 6 (“Rely on training and experience”) was ranked highest for the 
memory aid to tell with whom to coordinate.  This item was ranked first by 103 participants. 
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1. Flowcharts (27) (1) 
2. Handwritten notes on paper or sticky notes (73) 
(10)    
3. Electronic form with spaces for the needed 
information (48) (9)   
4. Paper form with spaces for the needed 
information (54) (10)     
5. Checklist (64) (15)    
6. Rely on training and experience (131) (103) 
7. Other (Please specify.) (14) (12)   
8. None (11) (10) 

 

5. When you coordinate with AF personnel, what percentage of the time do you use the 
following communication methods?  (Percentages (%) should add to 100.) 

Most of the coordination was done by either face-to-face communication or telephone.  E-mail or 
other electronic communication was not used often. 
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1. Face-to-face conversation (175)   
2. Telephone (157)  
3. E-mail (63)    
4. Internet (49)  
5. Fax  (48)    
6. Formal briefing or regularly scheduled meeting (66) 
7. Other (Please specify.) (26) 

 

6. What time of day do you coordinate with AF personnel? 

Most of the coordination (about 50%) was done at no particular time of day according to the 
data.  Of the times that were identified, morning was the busiest. 
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1. Morning (6 AM –just before 12PM) 
2. Afternoon (12 PM-just before 6 PM)   
3. Evening (6 PM-just before 12 AM)   
4. Late Night (12 AM- just before 6 AM) 
5. No particular time 

 

7. What percentage of time do you provide the following information to AF when they are 
coordinating maintenance activities?  

All of the information presented as items in the question was provided to AF more than 60% of 
the time except the information on special events which was provided about 50% of the time. 
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Information from AT to AF 
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1. Current and expected traffic conditions (171) 
2. Current and expected weather conditions (171) 
3. Chances for approval at the requested time (170) 
4. Alternate time or times available (172) 
5. Backup systems required (167)   
6. Special events (e.g., VIP flights, shuttle launch, 
air show) (162) 
7. Other (Please specify.) (18) 

 
8. What percentage of time does AF provide the following information to you when they 
are coordinating maintenance activities? 
Item 6 (“Date and time of event being coordinated”), Items 7 (“Expected duration of event being 
coordinated”), and Item 8 (“Time needed to return service in case of emergency”) were the 
information that were mostly provided to AT by AF.  All of these are about time for the event. 
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1. Requesting organization  (171) 
2. What the system’s function is within the NAS (172) 
3. The criticality of a system or service (174) 
4. Backup systems available (173) 
5. Other current maintenance activities (171) 
6. Date and time of event being coordinated (176) 
7. Expected duration of event being coordinated (174) 
8. Time needed to return to service in case of emergency (174) 
9. AT facilities impacted (170)   
10. Why maintenance is needed (173)  
11. Consequences if maintenance doesn’t occur  (e.g., if the window for maintenance is closed) (174) 
12. Procedures for AT to contact AF if immediate restoration should be necessary (174)  
13. Resources currently being applied to resolve the problem (172)  
14. Additional resources needed to perform the maintenance (171)  
15. Other scheduled events that this event would impact (171)  
16. Status of other adjacent facilities (167)  
17. Other (Please specify.) (11) 
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9. Is there additional information that is NOT currently provided to you that would benefit 
coordination? 
Not many participants responded to this question, from 42 participants for Item 5 (“Travel time 
for technicians”) to 22 participants for Item 3 (“Status of equipment at nearby facilities”).   
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1. Maintainer schedules (26)  
2. Interdependencies of systems (35)  
3. Status of equipment at nearby facilities (22)  
4. Availability of parts (25) 
5. Travel time for technicians (42) 
6. Other (Please specify.) (14) 
7. None (83) 

 
 
B. Scheduled Event (routine maintenance including equipment shutdown) coordination 
 
1. Just before releasing something for scheduled maintenance, what information does AF 
ask from you? 
AF requested AT the information about approved schedules (Items 1 and 2) most often.  They 
did not have as much concern on AT’s backup preparation. 
 

Information AF Asks from AT
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1. Is the previously approved schedule still good? 
(143) 
2. If the approved schedule is not good, is there an 
alternate time available? (120) 
3. Has AT made the necessary arrangement to use 
any available back-up systems? (37) 
4. Other (Please specify.) (12) 

 

2. What Scheduled Event coordination interactions with AF do you record? (please circle 
all that apply) 
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Not many participants responded to this question.  Item 4: Updated to AT by AF was the most 
frequent interaction they record at about 39%.  They recorded all interactions only about 21% of 
the time.   
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1. All exchanges between the organizations (35) 
2. Initial contact between AT and AF (56) 
3. Contact with AF resulting in new information 
(54) 
4. Updates to AT by AF (69) 
5. Other (Please specify.) (41) 

 
3. On average, how much lead time do you usually get from AF for a short-term (less than 

5 hours to complete) Scheduled Event?: 1 Day 5 hrs 36 minutes 
 
4. On average, how much lead time do you usually get from AF for a long-term (5 or more 

hours to complete) Scheduled Event?: 5 days 6 hours 39 minutes 
 
5. How soon do you usually give either approval or disapproval responses back to AF for a 

short-term (less than 5 hours to complete) Scheduled Event? : 5 hours 22 minutes 
 
6. How soon do you usually give either approval or disapproval responses back to AF for a 

long-term (5 or more hours to complete) Scheduled Event? : 1 day 12 hours 30 minutes 
 
C. Outage (equipment failure or improper operation) coordination 

1.  What percentage of time does AF provide the following information to you when they 
are coordinating restoration of an outage?  

AF provided the information about expected restoration time (Item 1), equipment and services 
affected (Item 8), and cause of event (Item 9) to the AT most frequently. 
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Information from AF to AT
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1. Expected restoration time (95) 
2. Are there other events scheduled that this event would 
impact?  (e.g., Scheduled Events that may need to be 
cancelled) (94) 
3. Status of adjacent facilities (95) 
4. When are the other facilities expected to be returned to 
service (RTS) (95) 
5. Activities needed to restore (94) 
6. Availability of staff if an alternate time is needed (93) 
7. Frequency of status updates (92) 
8. Equipment and services affected (92)  
9. Cause of event (95) 
10. Availability of technicians with necessary skills (95) 
11. Status of technicians (e.g., on site, en route, expected 
arrival time) (94) 
12. Status of needed parts (e.g., availability) (96) 
13. Other (9) 

 
2.  What percentage of time do you provide the following information to AF when they are 
coordinating restoration of an outage? 
AT provided AF with the information of the potential factors that could influence the 
maintenance schedule (Items 1, 2, and 5) most often.  “Restoration time requirements” (Item 3) 
was another information AT provided to AF frequently. 
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 1. Potential impact on NAS operations (95)  
 2. Potential traffic delays (95) 
 3. Restoration time requirements (94) 
 4. Relative importance to the flow of traffic at other 
facilities (94) 
 5. Current and expected weather conditions (95) 
 6. Backup systems or procedures in use during the 
 time of the event (94) 
 7. Special conditions that may be impacted (e.g., VIP 
flight) (94)  
 8. How well the transition to backup proceeded (94) 
 9. Air traffic restrictions implemented (94) 
10. Other (Please specify.) (12) 

 
3.  What parts of outage coordination with AF are currently recorded? 
The coordination interactions with AF (Items 2, 3, and 4) are recorded most often.  Not all 
exchanges between the AF and AT are recorded by AT respondents. 
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Record of Outage Coordination
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1. All exchanges between the organizations (57) 
2. Initial contact between AT and AF (62) 
3. Contact with AF resulting in new information (58) 
4. Updates to AT by AF (55) 
5. Other (Please specify.) (8) 

 
D. Flight Inspection (FI) coordination 
 
1. What percentage of time does AF provide the following information to you as they 
coordinate Flight Inspections?   
AF provided the information of facility (Item 1), time (Item 2), and specific place to inspect 
(Item 3: “Identifier” and Item 4: “Runway number”) more than 70% of the time.  AF also 
provided the information about the estimated length of inspection time (Item 5) and types of 
inspection (Item 6) about 70% and 60% of the time, respectively.  AF also informed AT of the 
consequences of not being able to complete the FI (Item 9) more than half of the time. 
 

Information from AF to AT for FI
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1. The facility being inspected (154) 
2. The time requested by AF and FI personnel (156) 
3. The identifier (153) 
4. Runway number (if ILS system) (146) 
5. Estimated length of the inspection (154) 
6. The type of inspection  (153) 

(e.g., routine, post accident, or a commissioning FI) 
7. Whether AT person needs to be designated for 
entire FI (146) 
8. Preferred alternative schedule if required (151) 
9. Consequences of not being able to complete the 
FI (154) 
10. FI aircraft tail number (151) 
11. Pattern of flight in airspace (151). 

(e.g. circling in a particular area, landing, etc.) 
12. Other (Please specify.)  (15) 

 
 
2. What percentage of time do you provide the following information to AF as they 
coordinate Flight Inspections? 
AT provides AF with information on future traffic conditions at the time of FI (Item 1), effect on 
traffic flow (Item 2), and the possibility of interruptions of FI (Item 4) more than half of the time. 
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Information from AT to AF for FI
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1. Expected traffic conditions at time of scheduled 
FI (153) 
2. Effect on traffic flow (153) 
3. Availability of AT personnel to help FI if needed 
(147) 
4. Are interruptions to the FI possible (e.g. due to 
traffic) (150) 
5. Other (Please specify.) (17) 

 
E. Your opinion 
 
1. There are clearly defined roles for coordinating with AF. 
The mean score was 6.7.  This means that overall, AT respondents agreed that there were clearly 
defined roles for coordinating with AF, but they did not agree with it strongly.  Sixteen 
participants (9%) out of 172 respondents strongly disagreed (rating 1).  This contrasts with the 
fact that 29 of them (17%) thought strongly there were clearly defined roles for coordinating 
with AF. 

The mean ratings of ARTCC respondents and non-ARTCC respondents were 6.87 and 6.29, 
respectively.  The t test showed that the responses of the two groups were not significantly 
different, t (74) = 1.12, p > .05.  The degrees of freedom was adjusted because the assumption of 
equal variances was rejected.  Without the adjustment, it should have been 161.   
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2. What are the most successful aspects of current AF/AT coordination? (The results of this 
question are summarized in Appendix E.) 
 
3. Please describe any obstacles you currently face with coordination. (The results of this 
question are summarized in Appendix E.) 
 
4. Please describe any suggestions you have for improving the current coordination process 
with AF. (The results of this question are summarized in Appendix E.) 
 
5. How thoroughly do you understand AF tasks and responsibilities? 
The mean rating was 6.6, which was close to be neutral (rating 5.5).  This means that overall AT 
personnel thought that they understood AF tasks and responsibilities.  But they did not think in a 
convincing way. 
The mean ratings for ARTCC respondents and non-ARTCC respondents were 6.64 and 6.35, 
respectively.  The two groups’ ratings were not significantly different (t (165) = .380, p > .05). 
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6. How thoroughly do you think AF specialists understand your roles and responsibilities? 
The mean rating score is 6.4.  This is close to neutral (rating 5.5).  The number of participants 
who gave ratings of 7 and 8 were 69 (39%).   
The mean ratings of ARTCC and non-ARTCC respondents were 6.5 and 6.2, respectively.  The 
ratings of the two groups were not significantly different (t (165) = .830, p > .05). 
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7. How successful is current AT/AF coordination? 
The mean rating is 7.7.  This means that they think the current coordination is successful to some 
degree but needs improvement. 
The mean ratings of ARTCC and non-ARTCC respondents were 7.9 and 7.2, respectively.  The 
two groups’ ratings were not significantly different (t (165) = 1.870, p > .05). 
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APPENDIX E 

Summary of Open-Ended Questions 

(Note: MOST OF THE RESPONDENTS GAVE ONE OPINION TO EACH QUESTION, BUT 
SOME GAVE MORE THAN ONE RESPONSE.) 

 

   



E-1 

   AF AT

Working relationship  
31     (trust, good working relationship, mutual respect,  
trust, good cooperation, team work, credibility, 
confidence, personal relationship, rapport, understanding) 

40    (good working relationship, compromise, mutual respect, helpful, 
trust, good cooperation, team effort (spirit), knowing the people 
involved, rapport, long standing personal relationship) 

Face-to-face coordination 18    (face-to-face contact, face-to-face coordination) 24    (close physical location, face-to-face communication) 

Source (other than 
staffing) 

3     (to know the person on duty in AT, one on one 
coordination, facilities with a single AT coordination 
point) 

17     (paging system, accessibility of AF, one call, one point of contact, 
one person contact, one central POC, NOM coordination, up-to-dated 
check lists, whom to call, one-on-one coordination) 

Sharing, 
Exchanging   1    (smooth transition of information) 3    (constant information exchange on equipment) 

Information 

Quality  1     (accurate information) 

Knowing the other’s needs and 
responsibilities 

11     (know the impact to air traffic, reduced impact to 
overall NAS, a mutual understanding of both AF and AT 
requirements, knowledge of AT operation, MCC has a 
clear picture of what facilities are out of service and what 
the impact is) 

6     (understanding each other's need, requirements, and 
responsibility, knowledge of the other's operations, knowing the other's 
strength and skills) 

Local control  3    (close proximity, same floor with AT) 15     (close proximity, onsite AF personnel, the use of MCC as local) 

Attitude, Personality 2    (attitude, personalities) 4     (willingness to assist and listen to concerns, attitude of being on the 
same team) 

Meetings and plans  2     (weekly meetings with major players, AF going to AT 
briefings twice a day,) 

3      (weekly meetings, twice a day meetings, plans, regular meetings, 
good schedules) 

Competence 2    (knowledge of the NAS) 1     (know what to do) 

Communication  1    (communication) 11   (MCC as focal for notification, NOM is helpful and customer 
service, facility paging system, clear communication) 

Responsiveness 1    (timely release) 7     (response and professionalism, quick response, timeliness, They 
answer the phones quickly.) 

Procedure  
11     (easy and timely communication procedure, advanced 
communication, clear and accurate communication, good 
communication [empathy]) 

Other 9    (good risk management, event manager) 7     (MCC, interaction with AF techs) 

None   0 8

MOST 
SUCCESSFUL 

ASPECTS 

Missing   21 30
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 AF AT

Source (other than 
staffing) 

12     (too many layers to go through,  too many 
coordination points, finding technicians after hours and 
off-peak hours, unnecessary layers, coordinating with 
contractors) 

18    (too many units to coordinate, too many layers, hard to find 
someone on weekends, who is POC, uncertain of whom to coordinate 
with, no one answers phone or radio, always being sent to someone else)

Source (staffing) 5    (AF staffing reduction, both AF & AT staffing, lack of 
maintenance personnel) 

21   (low AF staffing, sometimes coordination process and work efforts 
impaired by AF’s short staffing, shortage of personnel on both sides) 

Quality 2    (inadequate information) 4    (duplicate, poor information, availability of information) 

Sharing, 
Exchanging  1    (information not handed down) 

Information 

Terminology 1     (communication problems because of different terms) 7     (no common language to describe components) 

Responsiveness 

12    (AT's reluctance of releasing, timely approval, AT’s 
stalling approvals, AT being in a big hurry and forget to 
give information, AT managers too busy to give all the 
confirmation needed) 

3     (short notice, timely explanation of how long the outage would last 
and how soon it would be fixed, trying to have an individual 
acknowledge that info is being passed)  

Competence 

8    (limited knowledge of some systems, incompetence of 
co-workers, AT personnel not familiar with the entire 
system, lack of seeing the effects of maintenance on the big 
picture) 

16    (A couple of people are lazy and unskilled, reaching someone who 
knows how to fix, The MCC personnel do not have any clue as to what 
equipment is critical or not.) 

Procedure 4     (no set procedures for dealing with the military, too 
many boxes to check 

6     (incomplete coordination, not following the procedure by AF and 
AT, lack of action to follow up on long-term events by AF) 

Time 4    (time restraints, AT gets too busy, short time request 
from field) 5     (time, controllers’ having time to go through checking systems) 

Local control 3     (OCC concept) 1    (physical distance, side by side) 

Communication 3    (interfacility communication with AT, telephone 
communication)  

Management 3     (controller union, micromanagement by AF, too much 
management)  

Knowing each other 2    (not knowing enough about AT operation, keeping AT 
counterparts abreast of new systems) 

13    (AF’s lack of AT's needs and operations, do not understand 
the significance of intermittent equipment problems, AT's lack 
of knowledge of equipment, AT's lack of knowledge about AF's 
job) 

Attitude, Personality  2    (bad attitude and personality) 
Working relationship   1    (AF’s continuous comparing their roles with AT’s) 

Other 5    (weather, ATC workload, pay difference, frequent 
Event Manager updates) 

7    (weather, low morale in AF, funding to replace equipment, 
NATCA) 

None  9 40

Obstacles 

Missing   28 38
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 AF AT

Source (other than 
staffing) 

5    (availability of technicians, try to integrate information 
systems between AF and AT, single point of contact for 
large ATCTs) 

13    (remove coordinator position, remove SMO, have one point of 
contact, too many things are given to MCC to coordinate,, someone 
should be in charge at the AF, AF and AT should have an easily 
updated single source of information.) 

Source (staffing)  15    (hire more AF staff) 

Sharing, 
Exchanging  4    (keep lines of communication open, information sharing instead of 

waiting to be requested) 

Information 

Terminology   2     (standardized nomenclature) 

Local control  9     (keep local control, keep MCCs at large airports, 
rethink the OCC) 6     (keep MCC here, don't centralize) 

Knowing each other 

8    (understand the other's roles, job, and responsibilities, 
better understanding of the other's operation, AT needs to 
understand what AF does, have ATC supervisors sit with 
AMCC personnel for a few shifts) 

10    (familiarization for all from both AT and AF, I would like to know 
more about AF obstacles, AF and AT need to spend more time in the 
other’s work area, shadow once a month, joint meeting/training, 
greater knowledge of equipment by AT) 

Communication 6    (keep communication s open, utilize web sites, better 
communication, develop common local network) 

1    (better communication, including follow-up and updates on 
equipment status) 

Working relationship  5    (AF is not a janitor, good working relationship) 2    (personal relationship, better AF management and labor 
relationship) 

Responsiveness 
2    (ATC should provide a reply within half an hour of 
receiving request, AT needs to advise AF whenever delays 
have started. Presently we hear about them after the fact.) 

3      (timely updates on status of problems, keep air traffic informed of 
current status of outages-periodic updates, timely updates as to the 
status of the situation) 

Procedure 1    (streamline coordination between AF facilities in AF) 
10     (establish comprehensive schedules, come up with a printed 
schedule of all necessary maintenance, a written procedure, better 
coordination of flight inspection) 

Pay 2     (equal pay) 1    (increase their pay to match AT’s) 

Time 2    (more time to schedule the Scheduled Events, real-time 
talk among pilots, Aviation Systems Standard, and MCC)  

Competence 1    (select only persons with background to be able to do 
the jobs at MCC/OCC) 1    (better competent field technicians) 

Meetings and plans  1    (more joint AF/ATC/MCC information-exchange 
meetings)  

Other 2    (stay with something that works and do not change it 
all the time) 

4    (better documentation/computer log entries for both parties, 
remove NATCA involvement, better contractors’ response time) 

None  9 26 

Suggestions 

Missing   43 81
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