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CHAPTER I

INTRODUCTION

Background of the Problem


The U.S. Coast Guard is purchasing an entire replacement fleet of cutters.  The new cutters will each be equipped with a flight deck capable of operating various US and North Atlantic Treaty Organization (NATO) aircraft and Unmanned Aerial Vehicles (UAVs).  Existing cutters employ aircraft controllers who receive their training primarily "on the job".  The newer cutters will have more advanced systems and operate in more complex airspace. On-the-job training may not be enough to safely operate aircraft with the replacement cutters. The replacement cutters will come equipped with more advanced systems, and helicopter and UAV operations will be more tightly linked with the cutter's everyday tasks.  More advanced training will be needed to handle the more advanced equipment.  Training material can be time consuming and costly to develop.  Potential training programs, from least expensive to most expensive, include 1) on-the-job, 2) correspondence course, 3) one week facilitated course, or  4) multi-week resident course.  Training materials must be developed that maximize the controller's skills, while minimizing cost in both money and time.

Researcher’s Work Setting and Role


The researcher is one of seven instructors in the Ship-Helicopter Branch of the Coast Guard’s Aviation Training Center.  These instructors provide refresher training to ship-based controllers. The researcher has 17 years military experience, with over three being aboard ship, is a qualified controller aboard all six types of Coast Guard Cutters and is a Commercial Helicopter Pilot rated in the AS365 Dauphin helicopter.

Statement of the Problem


The purpose of this study is to determine the minimum training level that current controllers will need to be comfortable controlling a helicopter from a replacement cutter.  The study seeks to identify the training vehicle that provides the best balance between utility and economy.

Definition of Terms/Acronyms

ADC –
Air Direction Controller: radar operator who provides positive control of ship-based aircraft.

CIC –
Combat Information Center: Shipboard area containing radars and equipment for aircraft control.

CRM –
Crew Resource Management.

FAA –
Federal Aviation Administration.

HCO –
Helicopter Control Officer: coordinates flight operations and acts as a tower controller.

HRO –
High Reliability Organization.

NATO – 
North Atlantic Treaty Organization

ORM –
Operational Risk Management: formal process to identify, mitigate, and manage risk during any Coast Guard operation.

PQS –
Personnel Qualification Standards: used as a training tool for shipboard personnel.

SAFR –
Shipboard Aviation Facilities Resumé: lists data for flight capable U. S. Navy and U. S. Coast Guard ships
SHOPs –
Shipboard Helicopter Operational Procedures manual: U. S. Coast Guard manual governing helicopter operations aboard ship.

UAV –
Unmanned Aerial Vehicle.
Limitations and Assumptions


For brevity, ship-based helicopter controllers will be referred to as simply controllers throughout this proposal. 

Controllers do not generally receive any formal training. As a result, they may not know the benefits or limits of more advanced programs. However, some Coast Guard controllers are assigned to the Combat Information Center (CIC) and attend Air Direction Control (ADC) School.  The school covers air traffic control to Federal Aviation Administration (FAA) standards with additional training in military-specific procedures.  These controllers will be part of the study group and will provide valuable information concerning the hypothesis.


The replacement cutter is still in the building phase. There is no way to evaluate controller performance aboard the cutter.  Based on the control station design, planned radar equipment, and expected communication capabilities, the new cutter will be more complex than existing cutters.  It is assumed that today's controllers will take their skills with them to the new cutters, and be required to operate the new equipment.


There are 43 cutters with helicopter controllers in today's Coast Guard, distributed throughout 23 different home ports.  Study participants may be unavailable because their cutter is underway.

CHAPTER II

REVIEW OF RELEVANT LITERATURE AND RESEARCH

Summary of Relevant Literature


Coast Guard Aviation is regulated by several intraservice instructions. The U.S. Navy's shipboard helicopter instructions, and procedures are the closest to the Coast Guard, and the two programs run in parallel. Both programs will be reviewed. Other relevant literature include studies of UAV integration with the air route system, air traffic control training documents, and reference material from U.S. Navy Helicopter Control Officer (HCO) training programs.

Service Directives


Shipboard controllers must know the requirements of all service directives that govern aspects of helicopter operations.  They must know not only functional skills and procedures (the "how"), but also the underlying theory and basis for the procedures (the "why").  Directives exist that cover normal and emergency conditions, aircraft-specific requirements, equipment, and procedures.


The primary reference document for Coast Guard helicopter controllers is the Ship-Helicopter Operational Procedures Manual (SHOPs), which was written in the mid 1980s to address the lack of standardization between cutters, and new procedures for the HH-65 helicopter (Commandant/Office of Aviation Forces, 2001).  The original manual was based on the U. S. Navy's version of the SHOPs titled Helicopter Operating Procedures for Air-Capable Ships.  The SHOPs has gone through five major revisions, incorporating the HH-60J helicopter, automated securing system, streamlined flight deck staffing, support for night vision devices, and the MH-68 helicopter.


The current version of the SHOPs goes far beyond just an explanation of procedures.  The manual also includes technical information summarized from many other sources in an attempt to be a "one stop" source.  The primary sections of the manual outline protective equipment, fueling, fire fighting, normal operations, emergency operations, external loads, safety limits, and air traffic control. While encapsulating a wealth of information, the shear volume of detail makes the manual cumbersome.  It also has become a crutch that discourages controllers from studying other publications in-depth, because the SHOPs contains "just enough" information to handle normal situations.


A Personal Qualification Standard (PQS) is designed to break down a skill set into the basic knowledge and tasks required for minimum qualification.  The Ship Helicopter PQS identifies the following knowledge as necessary for any ship-based controller (Commandant/Office of Aviation Forces , 1993):

· Terms and Definitions

· Flight Quarters Organization

· Helicopter Characteristics

· Helicopter Hand Signals

· Helicopter Emergencies

· Flight Deck Certification

· Sound Powered Telephone

· Helicopter Instrument Approach

· Air Direction Control

· TALON Characteristics

· Safety Precautions

· Night Vision Goggle (NVG) Fundamentals

Currently qualified personnel pass along their knowledge of these topics to the new personnel using the PQS process as a guide. The PQS document includes sign-off sheets and qualification blanks. This helps maintain standard qualification procedures throughout the Coast Guard.  Despite the fact that the Coast Guard operates six different types of cutters, the on-the-job training received by controllers is remarkably standard because of the PQS program.  The existence of this program eliminates the need for a standardized correspondence course or an advanced resident school.  The training model may not be efficient for transferring detailed information, because it is based on fairly inexperienced personnel serving as trainers for completely inexperienced personnel.  Each trainer will have a personal store of knowledge in a few areas, but may be lacking in others.  Also, not all people are good instructors, so the trainee may not gain the basic knowledge because the trainer may not be competent in a training role.


The Coast Guard Air Operations Manual governs aircraft and aircrew requirements, limits and procedures (Commandant/Office of Aviation Forces, 2002).  This manual refers to the SHOPs for ship-related procedures.  As the "senior" document, the Air Operations Manual regulations must be applied in all areas of Coast Guard aviation, including aboard ship.  Shipboard controllers have little interaction with this manual. However, they are still governed by it, and must have some familiarity with its requirements, especially those concerning crew rest and recurrent minimums.


Operational Risk Management (ORM) is a mandatory component in planning flight operations (Commandant/Office of Safety, 1999).  ORM involves a seven-step process. Chief among these steps is a risk analysis, and the instruction contains specific job aids to conduct the analysis for both afloat and aviation operations.  Controllers are required to integrate the two job aids to properly assess the risk of operating a shipboard helicopter.  Risk management is a circular process that involves constant reevaluation of many factors including environment, crew, mission parameters, aircraft, and communications.

Other-Service Directives


As a sea-going military service, the Coast Guard can become a highly specialized branch of the Navy in times of war or national emergency.  The Coast Guard must therefore maintain a high degree of compatibility with the Navy's equipment and procedures.  The Navy's version of the SHOPs is titled Helicopter Operations for Air Capable Ships, which details operations for all single-spot ship-based flight decks (Naval Doctrine Command, 1998).  The manual has many of the same sections as the SHOPs and general air control procedures are identical.  It contains a Coast Guard chapter that gives general guidance for Navy aircrews operating with any Coast Guard cutter.


The Navy is tasked with tri-annual inspections of Coast Guard cutters.  These inspections ensure all flight related equipment is serviceable and meet minimum standards for safe helicopter operation.  The administration of equipment is known as certification.  Cutter certification requirements are contained in a document titled Air Capable Ships Facilities Bulletin 1.  This document covers minimum equipment requirements for lighting, flight deck surface, fueling, fire fighting, air traffic control, personal protective gear, and many other areas (Bulletin 1J, 2003).  A controller must know the certification level of their cutter so as not to attempt a prohibited control event.


Coast Guard aircrews and aircraft are expected to operate seamlessly with any Navy ship.  The Navy has many more types of ships than the Coast Guard.  It is important to have a shorthand method to identify the key components of each ship so an aircrew can research any differences and anticipate what to do before arriving overhead.  The Navy has a document that gives the proper shorthand information, called the Shipboard Aviation Facilities Resumé (SAFR).  The document provides a complete description of  available services, and a graphical representation of the flight deck and ship's appearance (Naval Air Systems Command, 2004).  All Coast Guard cutters are listed in the SAFR. Controllers must understand the nature of the information contained it the SAFR, and be able to quickly and accurately relay the information to a helicopter under their control.


Maintaining High Reliability Organizations


The Coast Guard has long been known for its can-do spirit and the ability to do more with less.  This shared culture is a direct reflection of the service motto Semper Paratus, or Always Ready.  The very phrase speaks of a high reliability organization (HRO), one that is prepared for any possibility at any time under any conditions.  Such a high state of readiness is required to confront life-and-death situations on a daily basis.  The penalty for unpreparedness is property loss, serious injury, or loss of life.


The Coast Guard keeps its people almost constantly in training.  Training is a requirement to maintain any high-reliability organization (Roberts, 1990), and is necessary at both the individual and team levels (Flin, O’Connors, & Mearns, 2002).  An effective training program for a HRO such as the Coast Guard includes a heavy emphasis on key human factors, such as assertiveness, leadership, decision making, and communication (Flin et al., 2002).


High reliability organizations stake their reputation on their ability to manage complexity.  Some complex processes include: technologies such as state of the art hardware, system interaction such as departing and arriving aircraft, indirect information sources such as backup phone lines, and baffling interactions between hardware and humans (Roberts, 1990). A HRO must also manage tight coupling between systems, especially time dependent processes such as flight operations, invariant sequences set by particular equipment, single paths to goals, and "little slack" such as tight aircraft spacing (Roberts, 1990).  These risk factors must be incorporated into controller training for their performance to be successful.


Crew resource management (CRM) has been a mainstay in the modern aircraft cockpit for over 10 years.  The advent of CRM in the air traffic control regime has happened only recently, resulting from a reevaluation of what makes up a "crew".  Part of the increased emphasis is generated by the process of CRM itself, as one of the main functions is constant reevaluation.  Following any accident or mishap, the circumstances leading to the situation are evaluated, and the use of CRM principles is a key process in this analysis (Flin et al., 2002).  When an incident occurs in air traffic control, it almost always (90%) involves human error (Flin et al., 2002).  Managing communications is key to maintaining a safe operating record.

The Air Traffic Control Environment


A cutter-helicopter team normally works as an isolated element, with no interaction with other assets.  This considerably reduces the complexity of any given control evolution.  Each cutter-helicopter team is expected to operate as a subset of a larger integrated team of assets.


Responsibility for accidents has been shifting from individuals to organizations (“Air Traffic Controllers”, 2002).  The Coast Guard's role in surveillance and intelligence collection in and around major U.S. harbors will continue to expand.  Such activities will require use of helicopters and UAVs within the existing air route system.  Ignorance of air traffic control procedures may place a UAV in the path of a manned flight. The consequence of vectoring a UAV into the controlled airspace of a manned aircraft could potentially be disastrous.

Impact of Emerging Technologies


Future technology will be more complex, and allow operations under an expanded set of environmental conditions and mission parameters.  However, the increased complexity will demand a higher level of systems knowledge.


The latest technology is not necessarily the most reliable (Roberts, 1990).  The Coast Guard has been operating helicopters from cutters that have had only the most basic upgrades since they were placed into service in the 1960s and 1970s.  In that time, there have been no helicopter mishaps as a result of improper or unsafe aircraft control.  The systems are all relatively simple, and compromises have to be made to increase safety.  For instance, each operation has artificial limits, such as minimum weather conditions, or maximum ship motion and wind speed.


Improved communications will enable more effective short-notice deviations to a flight plan.  An increase in available communications bandwidth will increase the controller's workload, especially if UAVs have some kind of voice-activated control system (Craparo & Feron, 2004).  Tower controllers are already barraged by several radios simultaneously (Roberts, 1990).  Voice activation models are not expected to track and recognize natural speech for some time, and a controller will have to use structured sentences to interact with a control program (Craparo & Feron, 2004).


The replacement cutter will include several new systems such as an automated motion sensor.  This equipment will enable ship's motion numbers to be evaluated compared to an on-board database of limits coupled with sensors.  The unit will also have a record feature, and will be a shipboard equivalent to an aircraft "black box".  Modeling of the ship's motion envelope will be an ongoing process for at least the first five years of its service life.  Computer simulation of ship atmospheric wake turbulence as it relates to pilot workload has seen vast improvements in the early years of this decade (Roscoe & Wilkinson, 2002).


It becomes apparent that ship-based helicopter control is a highly complex and dangerous activity.  With the advent of newer technologies and expanded missions, maintaining a safe control environment will be increasingly difficult.

Statement of the Hypothesis


It is hypothesized that existing controllers will identify a correspondence course as the minimum required training to safely control a ship-based helicopter from a replacement cutter.

CHAPTER III

RESEARCH METHODOLOGY

Research Design


This study involves descriptive research.  A written survey will be distributed to all currently qualified Coast Guard service members.  They will be the personnel  responsible to operate the Coast Guard's new fleet of cutters, and will come directly from the existing cutters.  Many are already qualified and proficient in controlling helicopters, and others are not.  Survey results will provide a snapshot of the status of helicopter control in today's Coast Guard.  The research will allow developers to create the best training at the best cost.

Survey Population


The survey population will consist of helicopter controllers aboard Coast Guard cutters and their supervisors.  This population has diverse abilities and backgrounds.  The most significant division is between enroute controllers who are primarily enlisted personnel who have attended Air Direction Controller (ADC) School, and terminal controllers who are primarily officer personnel with only on-the-job controller experience.  The supervisors fill a Command & Control role and have some knowledge of helicopter control.


The minimum population size can be calculated based on seven personnel from each of 43 cutters; being two terminal controllers, two enroute controllers, and three supervisors, or 301 personnel.  The maximum size is indeterminate because some cutters may have more than the minimum number of qualified personnel, but it is unlikely to exceed 500.  From experience with similar surveys, a response rate of at least 50% is expected, yielding a sample size between 150 and 250 surveys.

The Data Gathering Device


Data will be gathered using a one-page survey, which is included in Appendix A.  The survey will collect information about the existing knowledge, skills, and experience of the survey population using several weighted scale questions.  The questions will poll the following topic areas:

· How do you classify your knowledge of ship-based helicopter control?

· What is the primary source of your ship-based helicopter control knowledge?

· How comfortable are you controlling a ship-based helicopter?

· Would attending a formal course make you more comfortable as a controller?

· What would be the minimum training needed to become a controller?

Responses to each question will be given a numerical weight corresponding to their order under each question. The survey will be confidential.  Gender, race, and age information will not be required to accurately test the hypothesis.

Instrument Pretest


The survey instrument will be administered to six members of the Coast Guard Ship-Helicopter Standardization team.  They are subject matter experts and together have significant experience including almost 50 years at sea, over 8,000 hours of helicopter pilot time, and have controlled over 4,000 ship-based helicopter landings.  The pretest group will assist with spelling, flow, and usability of the survey instrument, as well as provide data for a first-look analysis.

Distribution Method


The survey will be administered via internal Coast Guard email.  Each participant will receive a personal email from the researcher with the survey as an attachment.  The email will outline the importance of the survey to the future safety of helicopter control and appeal to the participant as a valuable expert in their field. After one week, a follow-up email will be sent to those persons who have not yet replied.

Treatment of Data and Procedures


Controller skill involves the application of knowledge, and measures how capably a person can perform a task.  Knowledge comes from formal schools, on-the-job training, and self-study.  Controller experience comes from actually performing skills to control a helicopter.  It is possible to have excellent control skills, but minimal experience.  For this study, higher experience assumes higher skill, and will receive more weight in the analysis.


Survey population members move in and out of controller positions, so while some are relatively new to the task, others have several years experience.  This aspect will carry over directly to the new cutters.  A single survey will be sufficient to produce an accurate analysis.


The survey instrument will be analyzed in the following sequence.

1. Analysis of knowledge.  Conduct a chi-square test to evaluate the controller knowledge (question #1) and primary source of knowledge (question #2).  Repeat the analysis of knowledge based on three subcategories: four specialties (question #6), six types of cutter (question #7), and four categories of experience (question #8).

2. Analysis of skill. Conduct a chi-square test to evaluate the controller knowledge (question #1) and the controller's ability to apply that knowledge (Question #3).  Repeat the analysis of skill based on three subcategories: four specialties (question #6), six types of cutter (question #7), and four categories of experience (question #8).

3. Analysis of required training.  Perform a descriptive statistics analysis and produce a histogram of minimum required training (question #5).  This analysis will isolate the minimum required training needed by all participants, but will not directly determine if their view is reliable.

4. Analysis of Participants. Perform a chi-square test to isolate the most knowledgeable and skillful participants from the first two steps.  Perform a descriptive statistics analysis of the minimum required training as viewed by these survey participants.  Contrast the results of this step with the results of step three.

5. Analysis of the hypothesis. It is expected that survey participants will identify a correspondence course as the minimum required training to safely control a helicopter with the replacement cutter.  More experienced controllers will better know the minimum knowledge and skills required to perform safe control, and their opinions will be more heavily weighted in the final evaluation.
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Appendix A

DATA COLLECTION DEVICE
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