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EXECUTIVE SUMMARY

This report describes the evaluation of an automated en route air traffic control
(ATC) flight data entry and display system called the Electronic Tabular Display
Subsystem (ETABS) engineering model. The purpose of the evaluation was to study
equipment concepts relevant to future sector suite design involving cathode-ray
tube (CRT) displayed flight strips, electronic touch-entry input, automatic posting
and updating, and computerized recordkeeping.

Ten controllers from various facilities were used as subjects. Three controllers
manned the radar (R)-positions, three manned the data (D)-positions, and three
controllers observed each test run. The other controller was rotated through the
three sector positions. Half of the 12 test runs used manual posting and half used
automated posting of flipght data entries (FDE's). The New York Air Route Traffic
Control Center (ARTCC) sectors were selected for the test runs using the National
Airspace System (NAS) A3d2.7 system. Data were collected in the form of ques-
tionnaire rating values and narrative comments. Statistical tests were used to
determine the rating scale responses to ETABS concepts.

The results showed that using simulated ETABS, as tested, would lead to a degrada-
tion of NAS effectiveness. However, the controllers rated the concept of ETABS as
a potential improvement over the present ATC system.

Data manipulation using the interactive device was perceived to be the biggest
problem with the ETABS model. The sensitivity of the touch-entry system, menu
sequencing, viewing angle, and fingerprint smudging contributed to this problem.
Characters often required retouching, sometimes several times, before entry. Six
of the ten controller subjects indicated that the safety of the ATC system could be
adversely affected by the attention intensiveness required of the interactive
device. Because the quick-action keyboard (QAK) and the interactive device con-
sumed most of the console shelf space, controllers had insufficient area for
writing. The overall console configuration was considered poor due mainly to the
problems with the interactive device and tabular display farthest from the
R-controller position. That far tabular display location created poor ratings

for viewing angle, legibility, and eyestrain, especially as viewed from the
R-controller position.

The controllers gave the tabular display closest to the R-controller position good
ratings for CRT aspects. The sharpness, visibility, brightness/contrast controls,
absence of reflections, and the green color were rated good. Eight of the ten
controllers said that the best ETABS features were the near tabular display and
elimination of flight data printers (FDP's), strip stuffing, and marking. Six of
the ten controllers recommended that the near tabular display be implemented for
depicting flight strip data,. .

Controllers favored using a larger tabular display to display controller-selectable
strip information and fix headers along with an expanded general information and
status message space. This display should be movable and rotatable to improve
R~controller viewing. Favored input concepts were voice entry, touch sensitive
tabular display, -interactive display located vertically under the tabular display,
and quick action keyboard only input. Favored features were automatic record-
keeping, overhead map or rapid access paging for map displays, and stabilized
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movement of FDE's on both the interactive display and tabular displays. Automatic
indication of remote updates, oversize aircraft identification, and altitude
characters were also rated as good ideas. The controllers agreed that ETABS was
fairly easy to learn and operate.

Based on controller opinion of ETABS in an ATC simulation, it is concluded that:

1. The controllers considered a properly adapted CRT-displayed automated flight
data handling system, such as ETABS, as a probable future improvement to ATC.
2. The highest rated feature was the tabular display nearest the R-controller and
it was considered to be ready for operational implementation.

3.' The ETABS input procedure using the interactive device was -too attention
intensive for timely operation for two main reasons. First, controllers frequently
had to make several "touches" to successfully activate a menu function or select a
character. Second, the menu method of data input and function selection required a
greater number of keystrokes than currently used in the NAS.

4, Automatic posting and updating needs some form of manual controller acknowl-
edgement for flight data changes in a sector.

5. Flight data fields and format should be adaptable for various sector and
facility requirements.

From the conclusions, it is recommended that:

1. Alternative data entry and update approaches be developed to reduce errvors,
increase speed, and improve accuracy.

2. ATC procedures be adapted (i.e., strip marking, handoff, displayed strip data,
and posting requirements) to streamline ATC data manipulation to more effectively
use automation capabilities,

3. Further work be accomplished in developing an automated flight data handling
system utilizing the controller recommendations from this study.

4. The presently developed subjective survey technique and data reduction and
analysis capability be used for evaluation of future flight data handling and

display systems.

5. ATC specialists continue to be involved in development of flight data handling
and display systems.
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INTRODUCTION

PURPOSE .

This report describes an evaluation of an automated en route air traffic control
(ATC) flight data entry and display system called the Electronic Tabular Display
Subsystem (ETABS). The purpose of the evaluation is to study equipment features
relevant to future sector suite design involving cathode-ray tube (CRT) dis-
played flight strips, touch-entry input, automatic posting, and computerized
recordkeeping.

BACKGROUND .

ETABS was developed to replace the data (D) sector-controller's present National
Air Space (NAS) equipment. The equipment replaced includes the flight strip
printer {FSP), paper flight strips, holders, bays, and associated Computer Update
Equipment (CUE), including the present Quick-Action Keyboard (QAK) and the Computer
Readout Display (CRD) which allows preview of keyboard messages before entry. The
impetus to replace this partly manual (FSP-side) and partly automated (CUE-side)
system began in the early 1970's and has been consistently pursued, as indicated by
the Bibliography. A major milestone in this effort has been the development
of this first comprehemsive ATC flight data handling system engineering wmodel
called ETABS. '

The philosophy of ETABS is to duplicate all present functions of ATC according to
present operational procedures, realizing that, once accomplished, future adapta-
tion and tailoring could ensue to meld procedures with new equipment capabilities.
The new system is expected to reduce time-consuming manual activities 1in the
following ways:

1. Through the electronic display of data, ETABS can automatically transfer data
that are updated elsewhere and eliminate the requirement for using duplicate

controller data entries (flight strips and NAS computer) to keep flight data
current .

2. Through a touch entry input device and menu-driven operation, ETABS can
assist the controller in message composition, speed up data input, and reduce
message entry errors.

3. Through automatic recording of all flight plan data and controller flight

data notations, ETABS can eliminate the need to accumulate large volumes of
paper strips for recordkeeping purposes.

EQUIPMENT DESCRIPTION

CONTROLLER ETABS EQUIPMENT,

The controller interface ETABS equipment {(figure 1) consists of two touch-entry
interactive displays (ID's) located one each at the radar (R)}-controller and
D—controller console writing surfaces. These are used for data input, while two
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tabular displays (TD's) located on the D-controller console turret are used for
data display. In addition, an ETABS keyboard is located on the D-controller
console writing surface as a backup input device for the ID (figure 2).

The ID is a li4—-inch CRT, mounted at an approximate 60° angle on the writing
surfaces of both the R and D sides (figure 1). Inputs from the ID update the TD
and also updates the NAS Central Computer Complex (CCC) which transmits the inputs
to all appropriate sectors. The CRT surface of the ID is spanned by infrared light
beams in grid fashion emitted on one side and received on the other to form an XY
matrix. Redundant beams are used to eliminate parallax caused by tube curvature.
Breaking the beams with a finger touch or with any other implement above the CRT
surface causes that point to be selected for input into the system. This display
was developed especially for ETABS data entry.

The two TD's are off-the-shelf, 25-inch CRT's mounted in the vertical orientation
on the console turret. The near tabular display {rDl) only displays flight data
entries (FDE's), which are electronic versions of strips and contain all present
strip information as well as information derived from the plan view display (pPVD)
(figure 3). The far tabular display (TD2) displays FDE spillover from TDI as well
as weather, restricted area informationm, general information (GI) messages, and
Greenwich Mean Time.

Organization of the FDE's on the TD's is similar to present arrangements with
strips. Bay headers are controller gelectable, and FDE's can be sequenced by time,
altitude, or identity under them. The amount of information per FDE is selectable
from one to four lines. Postings of FDE's can be selected as either manual or
automatic; i.e., controller acknowledged (manual) or nonacknowledged (automatic).
Highlighting of FDE's is accomplished by boxing, underlining, double brightening,
or flashing so that all strip bay operations can be performed in some way on the
TD's.

Both the TD's and the ID are slow-decay P39 phospher CRT's refreshed at a 40-hertz
(8z) rate for flicker-free operation using the stroke-writing technique. Layout
of the ETABS displays on the consoles was first prototyped before final compromises
were made for optimum location according to Military Standard (MIL-STD)-1472.

COMPUTER COMPLEMENT.

Briefly, the heart of the ETABS sector is a Graphic 7 display processor manu-
factured by Sanders Associates Inc. It generates the symbols and positioning and
provides nonvolatile data storage for the ETABS equipment. The Graphic 7 is
gerially linked to two Perkin Elmer Model 3220 interface processors which act as
cwitches for data between the ETABS sector equipment and the NAS computer in both
directions. The interface processors also provide nonvolatile data storage. Each
processor has | megabyte of memory with peripherals accessible via switched buses.
Additional information is available on the computer complement from documents
listed in the Bibliography.

TYPICAL INPUT OPERATION.

Operation of the ID by the controller is primarily accomplished through a menu-
prompted data selection technique. The following are the seven functional areas of
the ID (figure 4) as they would be used during typical data entry.
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1. Aircraft Idenmtity List Area. This is the primary or rest state configuration
of the ID. The aircraft identities (AID's) of all the aircraft currently displayed
on the TD are listed on the ID in the order that they appear on the TD. To enter a
message concerning a particular aircraft, the controller must first touch select
that aircraft by touching its AID on the ID. This repages the ID screen and brings

up the flight plan information for that AID in the flight data readout area of the
ID.

2. Flight Data Readout Area. The FDE for the selected AID is displayed for
modification. Touching any data field of the FDE repages the screen and brings

forth a menu of replacement alternatives for that data field in the menu area of
the ID.

3. Menu Area. The tailored alternatives for a selected FDE data field are dis-
played in the menu area, For instance, a menu of all relevant altitudes would be
displayed for the altitude data field. Touch selection of any one menu item causes
the ID screen to repage, enter the selected data item in the preview area where
the message is being composed, and then display the next relevant menu for the
controller's next data selection.

4. Preview Area. This area, like the present NAS CRT, displays a2 message as it is
being composed for preview before entry. Touching the preview area enters the
message for processing by the computer. The ID then clears and returns to rest
state (AID list).

5. Display Control Area. This area contains six functions pertinent to display
management .

a. CLEAR - returns ID to rest state (AID list).

b. K/BD - clears screen and brings up the ID keyboard to build a message not
covered by menus,

c. JOK ~ overrides eligibility restriction to allow changing flight data of
a particular flight.

d. NO-AID -~ indicates message is not for a particular aircraft.

e. PREV - scrolls display up and down.
f. NEXT - displays next menu when nol automatic.
6. Response Area. In this area, the computer responds to controller 1inputs.

Responses include message rejection, acceptance, and error.

7. Alerts Area. Here the computer generates alerts to advise the controller
about system conditions. The Message Waiting Indicator (MWI) blinks for
acknowledgment until touched. T1f not touched within a prescribed time, a general
information (GI) messapge is generated.

These seven function areas allow the controller to input any messages presently
necessary for ATC. Several special symbols are also provided to replicate strip
marking symbols.



TEST DESIGHN

EXPERIMENTAL APPROACH.

The approach taken for the ETABS study was to perform a subjective questionnaire
evaluation by current, experienced, impartial en rtoute ATC specialists (field
controllers) using ETABS with simulated traffic in the New York operational Air
Route Traffic Control Center (ARTCC) environment.

SIMULATION FACILITY.

Facilities at the Federal Aviation Administration (FAA) Technical Center En Route
ATC Laboratory were utilized to simulate the ARTCC environment. Six ETABS sectors
were delivered by the manufacturer for testing, but, due to the unavailability of
controller subjects during the controller strike aftermath, the functions of the
8ix sectors were combined into three sectors. This resulted in some 1inadvertent
menu crowding and multiple fix postings on single aircraft, The three ETABS
sectors were configured in the following mamnner: one high-altitude sector, Coyle
(02), and two low-altitude sectors, Atlantic City (18) and Woodstown (19). The New
York area was simulated using the NAS 3d2.7 computer version for operations.

Five "phost" sectors manned by FAA Technical Center staff controllers supported
the three ETABS sectors by giving and receiving handoffs. These personnel were
located in the ARTCC along with training and equipment specialists who could
quickly answer any guestions.

Simulator pilots (SIMOP's) interfaced with the test and ghost controllers repli-
cating a real life pilot—controller interface. Each SIMOP could pilot up to 10
aircraft according to the prearranged scenarios of the traffic sample.

A light-density traffic sample of about 56 typical instrument flight rule (IFR)
aircraft per 90-minute run was utilized. This included high- and low—altitude,
commercial, military, and general aviation aircraft.

SUBJECTS.

Ten experienced contreollers from nine en route factlities were used as subjects.
Data on their background and experience were obtained from the questionnaire
responses. Their 1identities were encoded as numbers 1 to 10 to retain anonymity
for testing purposes,

SUBJECT TRAINING.

The subject controllers were each mailed introductory literature about ETABS for
familiarization prior to arriving at the FAA Technical Center for the 3-week
evaluation period. Upon arrival at the FAA Technical Center, the subjects were
given the form A (appendix A) questionnaire to determine prior knowledge about
ETABS as well as background and other information.

The schedule for training and test runs 1is given in figure 5. The first day of
training was an overview in which controllers toured the facility and were given a



lDATE 2&1 EVENT SURVEY FORM
October 4 Mon Familiarizationm, A
Lectures, 1ours
October 5 Tues Training B
October 6 Wed Training B
October 7 Thurs Training B,C
October 8 Fri Test Run E,G
October 9 Sat - -
October 10 Sun -
October 11 Mon Holiday -
October 12 Tues Test Run E,G
October 13 Wed Test Run No Data
(System Malfunction)
October 14 Thurs Test Run E,G,D
October 15 Fri Test Run E,G
October 16 Sat n— ~-
October 17 Sun . - _—
October 18 Mon Test Run E,G
October 19 Tues Test Run E,G,F,D
October 20 Wed Demo Run E,G
January 19 Wed Follow—up H
FIGURE 5. SCHEDULE OF ETABS TRAINING AND TEST RUNS



demonstration of the ETABS equipment. The next 3 days were routine training days
which consisted of textbook and hands-on training. The remainder of the time was
dedicated to testing.

QUESTIONNAIRES.

Eight questionnaires were administered to the controller subjects. These are shown
in appendices A through H. Each questionnaire had a separate function as described
below.

L) -
FORM A - PRELIMINARY SURVEY. This questionnaire was administered before the first
day of training to obtain i nformation about the past experience of the controller,
pteliminary knowledge of ETABS, and any prior opinions as to how ETABS would affect
the controller or system.

FORM B - DAILY TRAINING SURVEY. This questionnaire was administered at the
end of each day of training. It covered general and specific areas of difficulry
and requested recommendations for improving training aids and content. It also
gave the controller the opportunity to comment on each of the total set of ETABS
mes8SABeS .

FORM C - POST TRAINING SURVEY. This questionnaire was given after the last day of
training. Tt was designed to evaluate ergonomic aspects of ETABS. These same
gquestions were repeated in the “"wrap-Up" survey after the evaluation runs were
completed.to detect any change in opinion.

FORM D - POST FAMILIARIZATION SURVEY. This questionnaire was given after the first
sot of test runs. The questlons were in the form of rating scales to determine
simulation realism and problems versus benefits.

FORM E ~ POST RUN SURVEY. This questionnaire was given after each run. Progress in
knowledge and skill was queried, and influencing aspects were evaluated. Rating

scales on the traffic sample, ability of each controller to keep up, and helpful-
ness of ETABS were provided.

FORM F — WRAP-UP SURVEY. This questionnaire was given once at the end of the

evaluation. Questions were replicated from forms A, C, and D to see 1f and how
controller's opinions changed. General questions asked controller's to sum up
their observations and recommendations. Narrative comments as well as rating

gcales were utilized.

FORM G - OBSERVERS REPORTING FORM. This form was completed by the observer during

and after the completion of each simulation run. The form was in two parts. The
first part was an observer record of comments made by the controller regarding
ETABS or other notable events experienced by the observer during the run. The

second part consisted of six items to be completed by the observer at the end of
the run. These six items were rated on 10~point rating scales for both the R~ and
D-controllers.

FORM H - FOLLOW-UP QUESTIONNAIRE. This follow-up questionnaire, form H, was given
for the following reasons:

1. To clarify some questions in previous questionnaires which arose between the
“eoncept™ and "as tested" points of view.
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2. To clarify some questions in previous questlonnalres which arose between the
R- and D-side points of view.

3. To add some general questions on overall ETABS as-tested applicability.
4. To add a rating scale for evaluating various concepts and ideas mentioned
as having ATC improvement potential. Some of these were options being considered

for the sector suilte.

DESIGN MATRIX.

The design matrix for the first 3 days of testing can be seen in figure 6. This
design was repeated in the 3 ensuing days to fili-in any data collection gaps.
Questions were asked to determine which equipment were operationally adequate
enough to recommend further adaptation and which procedures and concepts were
acceptable.

It can be seen from figure 6 that each controller was assigned to only one sector
and was shifted between three sector positions per test. This eliminated the
necessity of the controller learning more than one sector geometry.

It can also be seen that two successive data runs were made per day; the first
using automatic posting and the second using the manual posting mode. The pre-
sentation order maintained a constant change of one mode to the other.

Day 1 Day 2 Day 3
Position Position Position
Run Sector R D O R D 0 R D 0
1 18 1/10 2 3 3 1 2 2 3 1
Auto
02 4 5 6 6/10 4 5 ¥ 6 4
19 7 8 9 9 7 8 8/10 9 7
2 18 2 3/10 1 1 2 3 3 1 A
Manual
02 5 6 4 4 5/10 6 6 4 5
19 8 9 7 7 8 . 9 9 7/10 8

FIGURE 6. TEST RUN MATRIX DESIGN SHOWING CONTROLLER ASSIGNMENTS
( CONTROLLERS | THROUGH 10)

11



ANALYTICAL METHOD

The questionnaires were composed of rating scales and narrative questions. Most of
the rating scales were seven—category scales with the fourth (or center) category
being neutral and the other three categories on either side of a dichotomy.
Significant (alpha = 0.05) clustering of responses toward either side of the
dichotomous scale was measured using t tests for each rating scale question.
Repeated questions from different forms were compared for significance (alpha =
0.05) using the Kruskal-Wallis test. Appendix 1 shows computer printouts of the

statistical data and results for the tabular questions,

Narrative responses were collected from the various forms and depicted in appen-
dixes J through O. Narrative responses from the Wrap-Up Survey {(appendix M)
were especially important since these responses summed up final opinions. These
responses were categorized inte six main categories in appendix P. These cate-
gories are (1) ID, (2) TD, (3) General Concepts, (4} ATC Procedures, (5} Workload
and Procedures, and (6) Functional Requirements. Repeated comments in each
category were tallied. The frequency of response for any comment showed the degree
of controller consensus about that comment.

RESULTS

FORM A - PRELIMINARY SURVEY RESULTS.

PARTICIPANT BACKGROUND. The form A survey as given to the subjects is presented in
appendix A; the results are discussed in the same order as the questions. All
narrative answers to form A are presented in appendix J.

AGE. The average age of the controllers in the subject sample was 38.3 years,
with a standard deviation of 3.7 years. The range of ages in the sample was 34 to
45 years.

ATC CURRENCY (Al.1). All subjects except ome were currently controlling traffic.
The one exception last controlled traffic | year prior.

EN ROUTE ATC EXPERIENCE (Al.2). The average en route experience for the subject
controllers was 11.6 years, with a standard deviation of 4.8 years. The range was
2 to 20 years,

TERMINAL ATC EXPERIENCE (Al.3). The average terminal experience for the subject
controller was 1.1 years. This figure was misleading since eight controllers
had no experience, one had 1 year, and one controller had 10 years terminal
- experience. )

PRESTRIP ATC EXPERIENCE (Al.4). Two controllers had controlled traffic prior to
introduction of flight strip printers into the ATC system in the late 1960's and
early 1970's. FEight controllers did not have previous experience.

PRE-NAS ATC EXPERIENCE (Al1.5). Only one controller had controlled traffic prior to
the introduction of NAS data blocks using shrimp boats.,

12



TECHNICAL CENTER PERSONNEL (a2.1). None of the controllers were FAA Technical
Center personnel.

PRE-HANDS-ON (A2.2). One controller had prior hands-on experience with ETABS.

PRELITERATURE (A2.3). Half of the controllers had not seen literature or photos
of ETABS prior to the evaluation.

PREFAMILTARIZATION (A2.4). Only 2 of the 10 controllers were familiar with the
basic objectives of ETABS before the evaluation.

TOUCH TYPING (A3.1). Half of the controllers were touch typists while the other
Talf were hunt and peck" typists. Eight said they occasionally looked at the
typewriter keys, one said almost always, and one sald seldom. Self-rated typing
speed indicated eight moderate and two slow typists.

TYPE FACILITY (A3.2). Eight controllers represented level IV facilities, while
the remaining two controllers represented level III and V facilities.

FACILITY OPERATION (A4.2). Controllers were asked the percentage of time that the
R—, D-, and assistant (A)-comtrollers handled various tasks at their facilities.
The results were depicted as the averages of responses. When primary responsi-
bilities at the facilities varied, that task was judged inconsistent between
facilities; i.e., at some facilities posting strips was primarily a D task,
at other an A task.

Controller

~ Task R (%) Dd(x) A% Comparison
Ripping and stuffing strips 6 23 71 Consistent
Requesting strips 6 65 29 D-A inconsistent
Posting strips 10 50 40 D-A inconsistent
Manipulating strips in bay 17 77 6 Consistent
Marking (notating) strips 45 54 1 R-D inconsistent
Entering flight plan data 16 73 il Consistent
Talking to pilots 90 10 0 Consistent

The comparisaon showed that for some tasks, there were reversals of responsibility.
For "requesting strips," three controllers indicated that this was primarily an
A-side task, the seven other controllers called it a D-side task. For "posting
strips," four controllers stated that this was predominantly an A-side function,
five said it was a D-side function, and one divided it equally between D and A.
Finally, for "marking strips," three controllers split the responsibility equally
between R and D, four favored D and three favored the R-side. All the other tasks
showed consistent patterns of responsibility with the possible exception of
“"ripping and stuffing strips"; two controllers called it primarily a D function,
while the other eight called it a primary A funct Lon.

SECOND CONTROLLER (A4.3). Eight out of ten controllers indicated that the “second”
controller at their facility was a manual controller. The other two controllers
indicated that the second controller at their respective facilities was a handof £/
tracker controller.
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PRESENT DATA PROBLEMS (A4.4). There were three main areas portrayed as problems
in the present NAS: (1) four controllers said that too many strips are generated
(i.e., there should only be one strip per aircraft); (2) four controllers stated
that the present printers are too slow and break down too often causing a
bottleneck; and (3) three controllers indicated that computer inputs are Loo
restrictive (D-side only input for some functions). (See appendix J for additional
comments, )

FIXES FOR PROBLEMS (A4.5). There were two major solutions offered for present
problems in en route ATC. Three controllers indicated that the FSP's need to be
replaced by a faster, more efficient device. Two controller's stated thar R-side
inputs should be allowed for more functions. Other various comments are listed in
appendix J.

GENERAL ASPECTS (A5.1 to A5.22). This multiple-aspect question asked for the
controller's expectations of the effect of ETABS on ATC in relation to present NAS.
They were instructed to rate each aspect using a seven—category scale ranging from
GREATLY DECREASE (1) through NO CHANGE (4), to GREATLY INCREASE (7). As described
in detail in the Method section, t scores for the deviation of the nean ratings
from midscale were computed. Those scores exceeding the critical t score indicated
a significant agreement among the controllers toward one side of the scale.

The eight significant results (the most significant listed first) for chuis question
are listed below for ETABS expectations:

Rank Aspect

1 Work required for flight data handling will decrease (A5.1).

2 Overall system effectiveness of NAS with ETABS will increase (A5.21).
3 Job satisfaction will increase (A5.3).

4 Amount of weather/status information available will increase (AS5.14).
5 Number of aircraft delays will decrease (45.12).

6 Capacity to handle simultaneous flights will increase (A5.18).

7 Confidence in the system will increase (A5.19Y.

8

Complexity of flight data handling procedures will decrease (A5.2).

As can be seen, all of the expected changes were favorable to ETABS. The ratings
on the remaining 13 general aspects did not differ significantly from the midscale
category NOT CHANGE. It was evident that the significant aspects represented
high expectations for ETABS, or contrarily, perhaps these eight significant posi-
tive aspects were areas envisioned for the most relief in the present system. At
any rate, this same multiaspect question was repeated two more times: once at the
conclusion of the simulation tests (form F) and once 3 months later in a follow-up
questionnaire (form H). Results are depicted in the Comparison Between Forms
section for the General Aspects question. -

COMMENTS ON EXPECTATIONS (AS5.23). Nine of the ten controller subjects had no
comments., The various comments by the other controller are listed in appendix J.

FORM B - DAILY TRAINING SURVEY RESULTS (LAST DAY) .

This questionnaire was administered after the last day of training, October 7
1983. The following is a summary of the question responses.

3
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AIDS FOR LEARNING (B1.0). Five of the subject controllers did not report the need
for other aids for learning ETABS, while two reported that visual aids would help.
Various other comments are listed in appendix K.

MESSACE ENTERING PROBLEMS (B2.0). Four of the ten controllers had problems invol-

ving "interim altitude’ and Mo imove interim altitude" messages. Two controllers
also indicated problems with handoffs. These items were checked on the problem
list. In the Comments section, three controllers indicated that the FDB was not

being updated at times by the FTABS interim altitude updates. Also, handoffs at

times were difficult. The other various comments are listed in appendix K.

LEARNING ETABS (B3.1 to B3.12). This question consisted of 12 aspects rated on
the ease or difficulty of learming ETABS. Results are discussed 1in the CompAar 1500
Between Forms section.

COMMENTS ON DIFFICULTY (B3.13). Five controllers had no comments.  The other
controllers had various comments, with only one comment given twice — that touch
entry can be frustrating. The various comments are listed in appendix K.

ETABS KNOWLEDGE LEVEL (B&4.1). The rating of present knowledge of ETABS is given in

summary form in the Comparison Between Forms section in which progress in attaining
ETABS knowledge 1is depicted. No comments (B&.l) were made to this question.

ETABS SKILL LEVEL (B5.1). This rating of present skill using ETABS is given 1in
summary form in the forthcoming Comparison Between Forms section in which progress
in attaining ETABS knowledge is depicted. No appreciable comments (B4.1) were made
to this questionm.

FORM C - POST TRAINING SURVEY RESULTS.

Form C consisted of two multiple-aspect rating scale questions, which were also

presented in forms F and H. Therefore, discussion of results is contained in the
Comparison Between Forms section presented later in the report. The two questions
involved human facters aspects and CRT display aspects. There were eight various

narrative comments rendered. These are listed in appendix L.

FORM D ~ POST FAMILIARIZATION SURVEY RESULTS.

Form D consisted of two multiple-aspect rating scale questions which were also
presented in forms F and H. Therefore, discussion of the results is contained 1in
the Comparison Between Forms section.

FORM E - POST RUN SURVEY RESULTS.

Most of these results were not analyzed per se since they were duplicated, for the
most part, in the form F questionnaire. This survey served two main purposes:

1. To prime the subjects as to what type of questions were forthcoming in the
final evaluation questionnaire and keep them vigilant toward these aspects during
the conduct of the runs.

2. To document system problems or personnel problems during each run so as to take

remedial steps and for consideration when the final questionnaire Wrap-Up 1s
evaluated.
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Analysis of questions El.l and El.3 (ETABS level ot knowledge and skill,
respectively) is contained in the Comparison Between Forms section.

Comments to the Post Run questionnaires are given 1in appendix N,

FORM F - WRAP-UP SURVEY RESULTS.

HUMAN FACTORS ASPECTS (Fl1.l to F1.13). This question consists of a set of multiple
rating scale aspects which were administered also in other forms for comparison.
The Comparison Between Forms section shows the response comparison between forms C,
F, and H. Narrative comments to this guestion indicated 12 responses. Of these,
three controllers said that the ID touch points caused errors. Two controllers
made the following comments: (1) the overall concept is good, (2) the ID should be
tiltable, and {(3) the system configuration is poor. There were 12 other various
comments which are contained in appendix O.

CRT DISPLAY ASPECTS (F2.l1 to 2.12). These rating scale respouses are evaluated in
the Comparison Between Forms section between forms €, F, and H, Various other
comments can be seen 1n appendix 0.

GENERAL ASPECTS (F3.1 to 3.22). These rating scale responses are evaluated in the
Comparison Between Forms section for forms A, F, and H. Comments to this question
elicited responses on 24 aspects. Three controllers commented that ETABS required
too many entries; three said that the response time is too slow; and two felt that
ETABS required excessive searching for entries. Two also stated that it required
too much attention, There were 14 other various responses (see appendix 0).

CONTROLLER,  JOB SECURITY (F4.1). On a seven-category scale, controller responses
indicated that they felt that increased use of automation would neither increase
nor decrease controller job security significantly.

ATC SAFETY USING ETABS (F5.1)., There were 24 ETABS aspects mentioned as affecting
ATC safety. Six controllers indicated that for safety's sake the ID is too atten-
tion intensive. Each of the following replies were given by two controllers: (1)
response times are too long, (2} touch entry points have problems, and (3) ETABS is
too unreliable. There were 1l other various replies (see appendix 0).

ATC EFFICIENCY USING ETABS (F6.1). There were 17 ETABS aspects mentiocned as
affecting ATC efficiency. Four controllers projected ATC improvements using a
:refined ETABS, three projected relief from non-ATC duties, and two said that the TD
was more efficient than paper strips. There were eight other various comments {see
appendix Q).

TRAFFIC MOVEMENT USING ETABS (F7.1). There were 12 ETABS aspects mentioned as
affecting the expeditious movement of air traffic using ETABS. Three controliers
indicated that projected reduced workload of the D-controller would be a positive
effect. Two others said that the ID should be eliminated from the R-side., There
were seven other various comments {see appendix 0).

ATC FUNCTIONS NOT IN ETABS (F8.1). There were 10 comments regarding ATC functions
not having a counterpart in ETABS. The comments all varied. These can be seen in
appendix O.
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ATC PROCEDURES AFFECTED BY ETABS (¥9.1). There were 1? comments regarding ATC
aspects which could be simplifled or eTiminated by use of ETABS. Seven controllers

indicated that strip marking procedures would be affected by ETABS. There were
five other various comments (see appendix O).

MOST FAVORED ETABS FEATURES (F10.1). There were 36 comments regarding what was
Tiked most about ETABS. Eignht controllers indicated that they liked the tabular
CRT display of flight data; eight controllers mentioned that they liked the
elimination of printers, strip stuffing, and marking; five liked the projected
faster flight data handling; three said that the CRT is more readable than strips;
two said that the menu concept was good; and two others said that touch entry was

good. There were six other various comments (see appendix 0).

LEAST FAVORED ETABS FEATURES (Fli.l). There were 33 comments regarding what was
Tiked least about ETABS. Four controllers stated that the ID takes too much time;
four said that there was too much informatiom in the menus; four said that ETABS
was too attention demanding; three mentioned the unreliability of the system; and
two others did not like the light beam breaker touch-input system on the ID. There
were 16 other various comments {see appendix O).

ETABS ASPECTS FOR IMPLEMENTATION (F12.1). There were 11 comments as to which
aspects of ETABS were of such obvious benefit to present NAS that they deserved
immediate implementation. Six controllers said that the Th strip display was good
enough for implementation. Two controllers felt there were no aspects rteady for
implementation. There were five other various comments (see appendix 0).

PRESENT NAS EFFECTIVENESS (Fl13.1). The mean response of the 10 controllers
rating the effectiveness of present NAS (with printed strips) on a scale of
1 to 10 was 7.1, with a standard deviation of 1.2, This means that the present ATC
system effectiveness was rated on the high side. 1t  is significantly higher
(alpha = 0.05) than midscale with a t score of 4,23,

ETABS EFFECTIVENESS (Fl4.1). The mean response of the 10 controllers on a scale
from 1 to 10 rating the effectiveness of using RETABS with NAS was 3.4, with a
standard deviation of 1.7 and t score of -3.7. This means that the controllers
rated the effectiveness of NAS with ETABS significantly lower (alpha = 0.05) than
midscale. Comparing F13.1 to Fl4.1, the effectiveness of NAS with ETABS was judged
: significantly lower (alpha = 0.05) than present NAS.

ETABS FIELD IMPLEMENTATION (F15.1). The mean response of the ID controllers on
this seven—point scale was 2.2, indicating that implementation of ETABS in the
field environment would lead to a degradation of NAS effectiveness. With a
standard deviation of 1.8 and a t score of 3.14, the rating response was Sipni-
ficantly different (alpha = 0.05) from NO CHBANGE (4) in the direction of
DEGRADATION.

ETABS IMPLEMENTATION COMMENTS (¥15.2). There were 10 comments as Lo the opera—
Tional effect of ETABS i1f implemented in field facilities. Two controllers said
that ETABS needed further adaptation. The eight other various opinions are listed
in appendix O.

WHAT SHOULD BE ADDED TO ETABS (F16.1). There were 23 comments as to what features
should be added to ETABS to make it more effective. Four controliers mentioned
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easier or automatic strip marking; two mentioned using a TD touch interactive or
cursor interactive display; two recommended adding more space for FDE's on the TD;
and two controllers wanted the addition of rotatability of the TD for better
viewing by the R-side. The 13 other various comments are listed in appendix O.

WHAT SHOULD BE DELETED FROM ETABS (F17.1). There were 14 comments as to what
should be deleted from ETABS as extraneous features. Three controllers said that
the ID was unnecessary at the R-side; three said that some items in the menus
should be deleted; two controllers recommended that D functions should be deleted
from the R-side; and two said that the menus were toOO complicated. Four other
various comments are listed in appendix 0.

WHAT SHOULD BE CHANGED ABOUT ETABS (F18.1). There were 33 comments as to changes
recommended for ETABS. Five controllers said that the TD should be made inter—
active; three desired a better ID touch method; three wanted reduced menu steps;
two controllers suggested the use of a rectangular PVD with touch=-sensitive
corners; two desired stabilization of fix headers on the TD3 and two suggested
locating the ID vertically below the TD. The 16 other various comments are listed
in appendix O.

POSSIBLE EFFECTIVENESS OF A MODIFIED ETABS (F19.1). The mean response of the
10 controllers on a seven-point scale rating the possible effect of implementing
ETABS with the addition of controller-recommended modifications was 6.2, with a
standard deviation of 0.8. This indicated that the controllers felt that using
ETABS modified as they suggested would result in an IMPROVEMENT of NAS effec-
tiveness if implemented in the field. With a t score of 8.82, results differed
gignificantly (alpha = 0.05) from NO CHANGE in the direction of IMPROVEMENT.

COMMENTS AS TO A MODIFIED ETABS (F19.2). There were four various comments
regarding implementing a modified ETABS according to controller recommendations.
These are listed in appendix O.

ALTERNATIVE FLIGHT DATA HANDLING CONCEPTS (r20.1). There were 10 comments as to
alternative flight data handling concepts besides ETABS or strips for use in
en route ATC. Six controllers said that they could not think of any alternatives.
Four other various comments were expressed and are listed in appendix O.

CONTROLLER SELF~RATING OF ETABS SKILL AND KNOWLEDGE (F21.1). The mean response
of the 10 controllers on a seven—point scale evaluating whether they had enough
knowledge and skill in ETABS to give it a fair evaluation was 5.9, with a standard
deviation of 0.88. A significant t score of 6.86 indicated that the controllers
thought they had more than enough knowledge and skill necessary for a fair evalu-
ation of ETABS. Nine responses were on Lhe MORE THAN ENOUGH side of midscale,
with one response at JUST ENOUGH (center scale), and no responses on the LESS
THAN ENOUGH side of midscale.

COMMENTS ON KNOWLEDGE AND SKILL EVALUATION (F21.2). There were seven comments as
to the sclf-evaluation of controllers regarding whether their knowledge and skill
was adequate to give ETABS a fair evaluaton. Two controllers said that it was a
good team and should be reassembled for the next evaluation. Five other various
comments were given as listed in appendix 0.

PREFERRED EN ROUTE FDE FORMAT (F22.1). The controllers were asked to rank the four
en route FDE formats in order of preference. The resultant ranking 1is shown below
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with the most preferred listed first. The numbers in parenthesis equal the sum of
the rankings.

1. Two-line format (17)
2. Three~line format (21)
3. One-line format (25)
4. Four-line format (35)

The Friedman two-way analysis of variance of ranks resulted in a chi-square of

10.08 for 3 degrees of freedom (Siegel, 1956). This chi-square was significant
beyond the alpha = 0.02 level, indicating that there was at least one significant
difference among the four formats. A subsequent Nememyi pair comparison test
(Linton and Gallo, 1980) showed that the two-line format was ranked significantly
better than the four—-line format. Nonme of the other differences were found
significant.

PREFERRED DEPARTURE FDE FORMAT (F22.2). The controllers were asked to rank the
‘two departure FDE formats in order of preference. Although there were seven
controllers who preferred the two-line format and three who preferred the one-line
format, this preference was not significant at the alpha = 0.05 level,

PROPOSED CHANGES FOR FDE'S (F22.3). The controller subjects were asked to mark up
a copy of the en route and departure FDE layouts indicating which data fields
either posed problems, could be deleted, or should be moved. Tables 1 and 2 show
the frequency of markup. These tables are composites of data for all four formats
for en route and both departure FDE's.

In general, the results corroborated question F22.1, which found that the two-line
format was significantly better than the four-line format. In other words, con~
trollers desired fewer data fields for the FDE, as was indicated in F22.3 by the
number of marked deletions of data fields. The data fields deleted were primarily:
groundspeed, sector identity, mnext fix, and redundant alritude fields for the en
route FDE. For the departure FDE, sector identity and notes were the primary
candidates for deletion. It should be noted that the layout of an FDE was changed
from that normally depicted by a flight strip. Figure 7 indicates the reloca-
tion of data fields from strip to FDE. These changes required some getting
used to by the subject controller. In general, the ETABS philosophy was to retain
maximum flight ddta for the four-line FDE format, with the option of selecting
three-, two-, and one—line FDE formats when less information was desired. As we
have seen, the two-line format was considered significantly better than the four-
line, indicating that comtrollers desired less information than was capable of
being displayed.

FDE FORMAT COMMENTS (F22.4). After the controllers were asked to examine and
mark up a diagram of the FDE formats, comments were solicited on each change.
Eighteen comments were made. Three controllers gave detailed examples of new strip
formats; two controllers said that the data fields of the FDE should be controller-
selectable; and two others said that the best choice for en route FDE was the
one-line format. Eleven other various comments were made (see appendix 0).

FORM G — OBSERVER RESULTS.

These results were not analyzed per se, since they served mainly as a backup
chronolog to the form E Post Run results given by the R- and D-controllers. Form G
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TABLE 1.
Eglumns
5-10
11-19
20
30
40
50
60 & 70
80
90
X = Delete
P = Problems
M = Move

EN ROUTE FDE, PROPOSED CHANGES (F22.3)

Data
Field

Fields
AID

A/C Data
U

A

HHIN

cIp (2)
BCN
IAS
GSPD

ASN ALT

CC

INT

RPT

FIX ASN ALT

Mode C
REQ ALT
PI TM
vEC (L)

SEC
PVTM
psTM (L)
NXTM

NOTES (L)
PREV FIX
POST FIX
‘NEXT FIX

ROUTE
REMARKS

CIN CIN
CIN CIN
CIN CIN
HOTM

HOLD FIX

1

20

2

Controllers

3 4 5 6
X

X
X ¥ X X
P X
P X
X
X
X X

X

X
X

7

S S

5 9

- S I

10

Lo+ Bila~ Bia=Rac]

g



TABLE 2. DEPARTURE FDE, PROPOSED CHANGES (F22.3)

Data Field Controllers
1 2 3 4 5 6 1 8 9

ATD (L)
A/C Data X
u X X
A X X
cip (L) X
BCN X

X
REQ ALT (L) X
T X
TAS X X
SEC X X
NOTES (L) X X X
EDCT (L) X
Time (L) M
p FIX (L) M
ROUTE X
REMARK S X
CIN CIN X X
CIN CIN . X X
CIN CIN X X
X = Delete
M = Move

21

10



304 0L dIYLS

¥3dvd W0dd SaT13IA

VIY¥G LHI114 40 NOILYIOT 3N

"¢ JUNDTA

304 3LN0¢ NF 3NIT-un04 SAvl3

(S4141S SVl 0 LdVd LON SLTV 3 3004 § ‘Ldd “ihl)

X14 LA 4 weki g Je \“\f 4549 a
_ _ TR ] ) Ul N4 LEed !ﬂ . ﬁ.:ku._uw. 1Ty KSY - ¥l 4 f vy )
ﬁ _; e EARLLEA Y TIETENS TN e ]/ it we? | RN
I il K13 S11 83l oy 9 vy g o] P awes |- fhoviv
. R 7
/’ P
‘ x"_
i
’ o~
(o]
\\
\ P \
s -~
o — e I rd - /P
SEITVITEN | f % 7 ) / 1 X14 /
UL ] s ¢ ,_\ "y / 431504 01 ATdd . .
: : 4 dlus ol 1
PP 813 'INBUSNOY 033dS HOXDIA BNOVHTISHMWOINEZM | LTy w2 0J X14 031504° b1 | HOMA Béli w1 X ale
1SIH > + P X14 ATUS ¥IAD b yac -
A 0459 AJH°6 1035
Rl x11 a3rsas MNygo 15a SINETY By s
¥IM0 MIL By et : . i
i HL%0N 7 ; SOUGLY gy a3y gapo | 0959 1ST'EY SVL 004’3
4 upd ML 1S3 ABEEL _
40 ¥I0°€2
. \\ 14 L3 N\ \ YLVl 3 IR
. un 43A0 ML Y13 ATNd B3RO
Bt} ST 153 1071d°2 Ly Hev-x Bl 53N alv'e
"LIVLND "
BVOY 1SILON’ 82 L Alugy A \
o ai \ 1dvd3d § K14 03150d HIAD
3D NDIWID L2 e KOLLVNILSIG OHY *ILN0¥ ‘MIT190 40 INM104'S2 | X14 LK1 IMNLIWN0Z Y91 MIL LST HILHID'GM of x14 AT VU] # AZHZ QWA $1EIAT

- (SITULINT wivd "251 235 ‘¢ 910 0g9-ylis LVOUPH )y ©F 48331 SJaquny)

(Pe-¢)GI-0024 Au04 W *181S SSTUA0Hd LHOITd SVl LHT4un)d



was filled out during the data runs by the nonactive member of the three-man team.
It served two functions:

1. To keep the nonactive controller occupied in the team process.

2. To record system problems and controller observations spontaneously so that
they were not lost to recollection.

All observer comments on form G were retained and listed in appendix P.

FORM H ~ FOLLOW-UP SURVEY "BOTTOM-LINE" RESULTS (H5.1, H5.2, H6.1 AND H7.1).

This form was administered 3 months after the completion of testing. Most ques-
tions in form H were repeated multiaspect questions from other forms and, thus, are
discussed in the Comparison Between Forms section. However, four of the remaining
form H questions along with comparisons to the same questions in form F {(Wrap-Up)
are discussed below. The differences of each controller's rating between forms
(each controller his own control) were used as the data for computation of the
comparisons.

EFFECTIVENESS OF PRESENT NAS (PAPER STRIPS) (H5.1). The effectiveness of present
NAS was rated on a ten—category scale as in form F (F13.1). The results showed no
significant change from the form F ratings. As in form F, the form H mean of 7.0
and a t score of 5.03 showed that the effectiveness of present NAS was rated
significantly better than the center scale value of 5.5. This shows consistency
between forms.

EFFECTIVENESS OF NAS WITH ETARS (H5.2 ACTUAL AND CONCEPT) The effectiveness
of NAS using ETABS was rated two ways on a ten-category scale as in form F (14.1).
First it was rated according to the actual, as-tested ETABS and then for the
potential of the ETABS concept. The mean rating for "actual™ ETABS was 3.35 with a
t score of -4.35. This differed significantly from midscale in the direction of
low system effectiveness. The mean rating for "conceptual™ ETABS was 8.4 with a t
score of 8.53, differing significantly from midscale in the direction of high
system effectiveness.

There was no significant difference between the mean rating of the effectiveness
of NAS with ETABS on form F (Fl4.1) and the actual ETABS rating on form H (H5.2).
However, the mean rating for conceptual ETABS was significantly better than both
actual ETABS ratings for forms F and H.

How do these results compare to those for the effectiveness of the present NAS
(H5.1 above)? The effectiveness of NAS with actual ETABS was rated significantly
lower than that of the present system, while the effectiveness of NAS with a
conceptual ETABS was rated significantly higher. These statements are also true
for similar comparisons with the present NAS effectiveness rating from the Wrap-Up

survey (F13.1), i.e., conceptual was higher and actual was lower than present NAS
effectiveness.

CHANGE IN OPERATIONAL NAS EFFECTIVENESS WITH USE OF ETABS (H6.1 ACTUAL AND
CONCEPT). The change in operational effectiveness with ETABS was rated two ways on
a seven~category scale with 4.00 as midscale. The actual ETABS mean rating was
2.00 with a t score of ~4,24. This is a significant deviation in the direction of
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actual ETABS producing "a degradation of" NAS effectlveness. The mean ratlng
for conceptual ETABS was 6.30 with a t score of 7.67. This is a significant
deviation in the direction of conceptual ETABS producing "an improvement of'" NAS
effectiveness.

In form F, two nearly identical questions (F15.1 and F19.1) were asked. These
questions are comparable to H6.1, actual, and H6.1, conceptual. F15.1 asks for the
rating of operational NAS cffectiveness with the use of ETABS as it was tested.
This is comparable to actual ETABS in question H6.1. The second question (F19.1)
was preceded by three questions {16.1, 17.1, and 18.1) which solicited suggestions
for improvements to ETABS. F19.1 then asked, assuming that the preceding improve-
ments were made, how would you rate operational NAS effectiveness with use of
ETABS? This question is comparable to H6.1 on rthe effect of using conceptual
ETABS.

The mean ratings for questions F15.1 (before improvements) and F19.1 (after
improvements) did not differ from those for H6.l, actual ETABS, and H6.l,
conceptual ETABS, respectively. 1In both cases, actual ETABS was scen as degrading
NAS effectiveness and conceptual ETABS as improving it.

SUMMARY OF FINDINGS ON NAS EFFECTIVENESS AND ETABS. Although five of the above
guestions used a ten—category scale and four of them used a seven-category scale,
they were very similar and could be compared. In every case, conceptual ETABS was
seen as increasing and actual ETABS as decreasing NAS effectiveness. Compared to
present NAS, conceptual ETABS was seen as better and actual ETABS as worse.

SUITABILITY OF ETABS FOR OPERATIONAL USE (H7.1). This question was rated on
a five-category scale with 3.00 as midscale. Three controllers chose category
3, Marginally Suitable, Major Modifications Necessary, and seven controllers
chose category 2, Unsuitable, Concept is OK; but Complete Redesign is Essential.
The mean rating was 2.3 with a t score of -4.58 for the deviation from midscale.
Thus, the rating is significantly better than Unsuitable, Entire Concept 1s
Inappropriate (t score of 8.67) and significantly worse than Marginally Suitable,
Major Modifications Necessary (t score of -4 .58).

This rating of ETABS as category 2 was consonant with the results on effectiveness
of NAS with ETABS. The controllers were telling us that the ETABS they used was
not ready for field use, but that the concept was a workable one.

COMPARISON BETWEEN FORMS.

GENERAL ASPECTS. The general aspects multiple-item question contained 21 aspects
Tor controlier evaluation pertaining to automated flight data handling in general.
This multi-item question was administered three times: first in form A (page A—4),
to elicit controller expectations prior to learning ETABS; second in form F {(page
F-3), after the test runs, to evaluate how ETABS actually performed; and third in
form H (page H-3), for dual answers to separate the "as-tested" (obtained) point of
view from the "concept" (expected) point of view. Thus, this question was answered
four times, encoded as follows in appendix I.

Form A = A4 1EXPECTED CHANGE
Form F = F3 10BTAINED CHANGE
Form H = HE 2EXPECTED CHANGE
Form H = HO 20BTAINED CHANGE
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Controller responses (raw scores) are listed on page 1-4 for the four administra-
tions of this guestion.

The wording of this peneral aspects question was presented to the controllers
in the following form (numbers in parenthesis are assigned values for the rating):
“"Compared to present NAS, when using ETABS this aspect will... {check one)."

- Greatly Decrease (1)
- Moderately Dbecrease (2)
~ Slightly Decrease (3)
- Not Change (4)
~ Slightly Increase (5)
- Moderately Increase (6)
~ Greatly Increase (N

Each of the 21 aspects received 10 responses, one from each of the 10 controllers.
The mean and standard deviation of these responses were calculated and t scores
determined. The t score per aspect represented a comparison between the mean of
the 10 responses per aspect and center scale (4) to see if the ratings were signi-
ficantly clustered to either side of midscale,

Table 3 shows the results of form A, the first administration of the general

aspects question, with results listed in descending t score order. Only the
aspects with responses significantly different from midscale (alpha = 0.05) are
listed. As can be seen, all significant t scores were favorable toward ETABS,

indicating high expectations for the system. The complete list of ranked t scores
is given on page I-6 under the heading "FORM A4 1EXPECTED CHANGE." '

Table 4 shows the results of the form F (Wrap-Up) administration of the general
aspects question listed with significant t scores in descending order. These
results reflect controller opinion after experiencing the total regime of training
and test runs. The total t score data are listed on page I-6, “FORM F3 10BTALNED
CHANGE." As can be seen, all significant t scores were unfavorable toward ETABS.
It showed a lack of controller confidence and increased frustration with the
system after having been trained and having used it. The main reasons for this, as
indicated from these data, were misreading, miskeying, and input-error propensity.

Three months after completion of testing, the Follow-Up (form H) questionnaire
was administered to the 10 controller subjects to explicitly separate the con-
trollers' projected-if-refined (expected) opinions from their as-tested (obtained)
opinions. The general aspects question was one of the questions readministered,

The t scores are given on page I-6 under the headings "FORM HE 2EXPECTED CHANGE"
and "FORM HO 20BTAINED CHANGE.™

Table 5 shows the results of the as—tested (obtained) form i significant t scores.
These are comparable to the form F (obtained) resulfs (table 4) with the under-
standing that form H "obtained™ results eliminated any projected-if-refined
(expected) considerations. It can be seen that all signiticant form H (obtained)
t scores were unfavorable to ETABS. The asterisks indicate repeated significant
aspects from table 4 (Wrap-Up). The other aspects became significant due to
the fact that controllers were told to eliminate all thoughts of conceptualized
refinements, The controllers probably foresaw in form ¥ that refinements would

enhance these aspects and, thus, indicated less uegative aspects for form F than
form H (obtained).
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TABLE 3. GENERAL ASPECTS RESULTS - FORM A, CONTROLLER PRELIMINARY EXPECTATIONS OF

t Score
Rank

TABLE 4.

t Score
Rank

ETABS

ASEGCE

Work required for flight strip data

handling will:

Qverall system effectiveness of NAS

with ETABS will:

Job satisfaction will:

Amount of weather/status information

available will:

Number of aircraft delays will:

Capacity to handle simultaneous flights

will:

Confidence in the system wil

Complexities of flight data handling

procedures will:

l:

Interpretation

Regarding
Change ETABS

Decrease Favorable
Increase Favorable
Increase Favorable
Increase Favorable
Increase Favorable
Increase Favorable
Increase Favorable
Decrease Favorable

GENERAL ASPECTS RESULTS - FORM F (WRAP-UP), CONTROLLER EVALUATION AT THE

END OF TESTING (OBTAINED)

Aspect

Number of message input errors or rejects

Amount of frustration
Likelihood of miskeying data
Confidence in the system

Likelihood of misreading
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Interpretation

Regarding
Change ETABS
Increase Unfavorable
Increase Unfavorable
Increase Unfavorable
Decrease Unfavorable
Increase Unfavorable



TABLE 5. CENERAL ASPECTS RESULTS - FORM H (FOLLOW-UP), CONTROLLER FEVALUATION
LEAVING OUT PROJECIED-1F-REFINED CONCEPTS {OBTAINED)

Interpretation

t Score Regarding
Rank Aspect Change ETA%S
1* Confidence in the system Decrease  Unfavorable
* Likelihood of miskeying data Increase  Unfavorable
3% Number of message input errors or Tejects Inérease Unfavorable
4 Capacity to handle simultaneous flights Decrease Unfavorable
5% Amount of frustration Increase Unfavorable
6 Number of aircraft delays Increase Unfavorable
7 Complexity of flight data handling procedures Increase Unfavorable
8 Work required fof non—f%ight strip data handling Increase Unfavorable
9% Likelihood of misreading Increase Unfavorable
10 Amount of weather/status information available Decrease Unfavorable
11 Likelihood of AfC-to-A/C conflicts Increase Unfavorable
12 Amount of eyestrain Increase  Unfavorable
13 Overall system effectiveness of NAS with ETABS Decrease Unfavorable

*Algo significantly unfavorable in form F.

The complete listing of t scores can be seen on page 1-6 under the heading "FORM
HO 20BTAINED CHANGE."

On the other hand, table & shows the results of the form H projected-if-refined
(expected) judgments on the general aspects gquestion. Only the aspects having

significant (alpha = 0.05) t scores are listed. The other aspects and their t
scores can be found on page I-6 under the heading "FORM HE 2EXPECTED CHANGE."

As can be seen from table 6, there were nine aspects, all favorable to ETABS,
which significantly differed from midscale. This indicates that after experiencing
ETABS, controllers still held high expectations for the concept of a refined
automated flight handling system. In fact, these expectations were akin to
those expectations for ETABS in the form A Preliminary Questionnaire results
(table 3). The asterisked items of table 6 show that six out of the nine aspects
that were significant for form B (expected) were also significant for form A {rable
3). This shows that the controllers still felt as optimistic toward the potential
of the concept of ETABS after the evaluation as before the evaluation.
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TABLE 6.

A CONCEPTUALLY REFINED ETABS (EXPECTED)

GERERAL ASPECTS RESULIS - FORM H (FOLLOW-UP), CORTROLLER EXPECTATIONS FOR

Interpretation

t Score . Regarding
Rank Aspect Change ETARS
*1 Work required for flight strip data handling Decrease Favorable
*2 Complexity of flight data handling Decrease Favorable
*3 Confidence in the system Increase Favorable

4 ~Ampunt qf frustration Decrease Favorable

*5 Number of aircraft delays Decrease Favo?able

6 Number of sector—-sector interphone calls Decrease Favorable

*7 Job satisfaction Increase Favorable

*8 Overall system effectiveness of NAS with E?FBS Increase Favorable
9 Likelihood of A/C to A/C conflicts Decrease Favorable

*Also significantly favorable in form A.

Another indication of this was a comparison of the differences in ratings between
form A (1 expected) and form H (2 expected) which was accomplished on page I-11.
The results under heading, "FORM 13 1EXPECTED - 2EXPECTED" showed no significant
differences. Controller's high expectations at the outset were not significantly
diminished (alpha = 0.05) at test end.

Comparisons of how the individual controller changed his ratings between forms were
accomplished for all four administrations of the general aspects questions. Pages
I-11 and I-12 show the six total comparisons. The most interesting was the form H
as-tested (obtained) versus the form H projected-if-refined {(expected) comparison
under the heading "FORM 34 2EXPECTED - 20BTAINED." This gave the greatest number
of significantly different t scores (16 of 21 aspects) than any other comparison.
All significant differences showed better ratings for the projected-if-refined
(expected) point of view than from the point of view for the as-tested (obtained)
system.

The other comparison of note was between forms F and H {(both obtained) for which no
differences were expected. The results listed on page I-12 under heading "FORM 24
1OBTAINED - 20BTAINED" showed only three significant aspects: "aircraft delays,
complexity of flight data handling, and capacity to handle traffic" — all more
negative in form H.

When asked to rate the aspects from both "as tested" and "potential of the con-
cepts" points of view, the ratings became more divergent, i.e., potential became
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more favorable and as tested became more unfaverable. This showed that the as—
tested answers to form F included some projected concept—type thinking and tended,
therefore, to be more favorable toward ETABS than if considered strictly as tested;
however, only the 3 general aspects listed previously {(out of 21) were signi-
ficantly affected. :

To summarize the results for General Aspects, the following inferences are drawn:

1. Prior to experiencing ETABS, the controllers' attitudes were favorable to
ETABS or, in general, to some form of automatic flight data handling. This was
indicated by the fact that all eight significant aspects for the form A General
Aspects question were favorable toward ETABS with none unfavorable out of the 21
general aspects evaluated.

2. Controller evaluation of the ETABS system as tested fell far short of their
initial (form A) expectations. The form H (obtained) results showed that all of
the 16 significant aspect t scores were unfavorable to ETABS, with none favorable,
out of the 21 general aspects evaluated.

3. Controllers had a tendency to project conceptualized refinements into the
system which tempered their form F results. This form had only five significant t
scores, all negative to the as tested ETARS; whereas form H, with instructions to
eliminate conceptualized improvements, had 16 significant t scores, all negative
to ETABS, out of the’total 21 aspects evaluated.

4. After experiencing ETABS, controllers still had the same high expectations
for a refined automatic flight data handling system that they indicated before
testing; there were no gignificant differences comparing form A (1 expected) to
form H (2 expected). Form A had 8 of 21 significant aspects favoring ETABS (with
none unfavorable), while form H (2 expected) had 9 of 21 aspects favoring ETABS
{(with none unfavorable). Both forms A and H {expected) received significantly
favorable ratings for important aspects such as increases in job satisfaction,
confidence in the system, and overall system effectiveness aspects.

LEVEL OF ETABS KNOWLEDGE AND SKILL (B4.1, El.1; AND B5.1, EL.3). Both similarly
phrased questions were rated on a seven-category scale. The questions in form E
were repeated five times during the course of the simulation. Form B was
administered prior to the form E administrations. The results for these six
administrations (numbered 1 through 6, form B being first) then constitute a time
series which should reflect self-perceived learning by the controller participants.
An increase in self-rated knowledge and skill was expected over the course of the
evaluation.

The mean ratings and their standard errors were computed. Following this, t scores

for the deviation of the mean ratings from midscale were determivned. Finally,
all possible differences between the six mean ratings and the t scores for the
deviation of the differences from zero were computed. These latter t scores test

the null hypothesis that there is no difference between the ratings over the course
of the evaluation.
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'RESULTS OF LEVEL OF ETABS KNOWLEDGE.

Administration 1 2 5 6 3 4
Mean Rating 3.9 4.0 4.3 4.5 4.5 4.5

None of the above mean ratings differed significantly from a "moderate' level of

ETABS knowledge. Administration numbers covered by the same line do not differ
significantly from each other. Thus, .n the above results, the only significant
differences are administrations 3 and 4 showing significantly higher knowledge
ratings than administration 1. Administrations 1, 2, 5, and 6 do not differ

significantly from each other; nor do administrations 2, 5, 6, 3, and 4.

RESULTS FOR LEVEL OF ETABS S5KILL,

Administration 1 2 3 4 5 6%
Mean Rating 3.7 3.9 4.3 4.4 4.4 4.6

(*Administration 6 skill self-rating was significantly higher than moderate with a
t score of 2.71. None of the other ratings differed significantly from midscale.)

As for ETABS knowledge above, numbers covered by the same line do not differ from
each other. Administration 6 was significantly higher than 1 and 2; administra-
tions 4 and 5 were significantly higher than 1. Administrations 1, 2, and 3 do not
differ significantly from each other; nor do 2, 3, 4, and 5; nor 3, 4,5, and 6.
These results show the expected progressive increase in level of ETABS skill with
experience.

Although both ETABS knowledge and skill show a significant increase with experi-
ence, the results of ETABS skill are more consistent with the expectation of
a progressive increase with administration order. Only one of the means was
moderately high. Although this indicates that the amount of training and exposure
to ETABS was insufficient to achieve a "high" level of ETABS knowledge or skill,
the controllers reported in form F (F21.1) that their operating skill and knowledge
was enough for a fair evaluation.

SIMULATION REALISM. The simulation realism multiple-item question contained eight
aspects for controller evaluations pertalning to how realistic the simulation
appeared to them, This multi-item question was administered two Ctimes: omce
during Post Familiarization {form D, page D-1) after the first set of 3-day test
runs, and once for the Wrap-Up (form F, page D-1) administered after the final 3
days of test runs.

The wording for this question was: "Please place a check mark in the column which
best reflects your opinion of the realism of the following aspects." The following
seven rating categories were provided (numbers in parenthesis are assigned values
for the ratings).
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Realism was {check one) Very Low (1

Low (2)

Moderately Low  (3)

Moderate (4)

Moderately High (5)

High (6)

Very High (7)
Each of the eight aspects listed received 10 responses from the 10 controller
subjects per administration. The mean and standard deviation of these responses
were calculated and t scores determined. The t scores per aspect represented a

comparison between the mean of the 10 responses per aspect and center scale (4) to
see if the ratings were significantly clustered to either side.

Results from the first administration of the simulation realism question for form D
(after the first three test runs) showed only one significant aspect: realism of
“the simulation as a whole™ was judged significantly lower than midscale. However,
since no other particular aspect was judged significant, no single aspect could be
singled out as being the primary causal element. These t scores can be seen on
page I~16 under the heading "Form DI 1SIM REALISM." The raw ratings are also
available on the same page under the heading "“Form 1 DI 1SIM REALISM."

Results from the second administration of the simulation realism question in form F
(after the second 3 days of test rums) indicated one positive and one negative
significant aspect. The positive aspect was 'communications," for which realism
was judged significantly higher than midscale. The negative aspect was '"traffic
samples" for which realism was judged signficantly lower than midscale. These t
scores can be seen on page I-16 under the heading “Form D2 2SIM REALISM." The raw
scores are available on the same page under the heading "Form 2 D2 2SIM REALISM."

t tests comparing how each individual controller's ratings changed between forms,
depicted on page I-18, showed that the aspects, traffic samples, communicatioms, .
and simulation as a whole, were the only aspects for which responses significantly
changed between administrations. The communications and simulation as whole
aspects were judged significantly more realistic for form F as opposed to form D.

The other five aspects on realism showed no controller opinion change between
administrations.

In summary, the results indicate that the realism of the simulation as whole was
judged significantly below moderate during the first three test runs, and was
judged to significantly improve to moderate for the second three test runs.
A corresponding significant increase in communications realism may have helped
account for this. At the same time, the traffic sample aspect was judged to

have become less realistic for the second administration (form F) than for the
first (form D).

It should be noted that during the second half of the simulation, the participant
controllers were aware of unsuccessful attempts by the experimenters to 1lncrease
traffic density, which could account for the lower traffic sample realism ratings.
Also, adaptation to the simulation environment might have accounted for the
positive change in simulation as a whole judgments.
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PROBLEMS VERSUS BENEFITS (D2 FIRST, D2 SECOND, H4 CONCEPTUAL, 14 ACTUAL} . The
participants were asked whether 13 key ETABS features creatcd more problems
or benefits for the controllers. This problems/benefits question was administered
three times: first in form D (page D-3) after the first three test runs, second
along with form ¥ (page D-3) after the second three test runs, and third in
form H (page H-4) 3 months after testing. The form H administration required dual
angwers: one for conceptualized operation and another for as—tested operation.
Thus, this question was answered four times as encoded in appendix I:

1. Form D = D1 1PROB VS BENE
2, Form F = D2 2PROB VS BENE
3. Form H = HE EPROB V5 BENE
4. Form H = HO OPROB VS BENE

Controller responses {raw data) are listed on page I-20 for the four administra-
tions of this question.

The wording of this problems/benefits multiple-item question was presented to
the controllers as follows: "Comparing ETABS to the present NAS system, determine
whether or not any problems in using these features outweigh the benefits, visa
versa, or no change." Again, a seven-category scale was used for rating each
feature, (The numbers in parenthesis beside each category are the numerical
values assigned to the response.)

"Using this ETABS feature creates:

Many More Problems (1)
More Problems (2)
Slightly More Problems (3)
Problems = Benefits (4)
Slightly More Benefits (5)
More Benefits (6)
Many More Benefits" n

Each of the 13 features received 10 responses, 1 from each of the comtrollers.
The mean and standard deviation of these responses were calculated, and t scores
determined. These t scores per feature represented a comparison between the mean
of the 10 responses to center scale (4) to test for significant clustering to
either side of midscale.

The t scores are given on page I-22 for the four administrations. Inspection of
the results indicated few significant results for the first two administrations of
the question; i.e., forms D and F. Therefore, it appeared that controller subjects
may have projected ETABS improvements into the evaluation instead of evaluating the
system as tested. .

The form H results bore this out. The results under the heading "FORM HO OPROB VS
BENE" showed that controller opinion, when instructed not to consider foreseen
refinements, resulted in 8 significantly unfavorable evaluations out of the 13
features, with none favorable. However, under the heading "FORM HE EPROB VS BENE,"
controller opinion of a conceptually refined ETABS operation gave 10 significantly
favorable evaluations out of the 13 features, with none unfavorable. This 1is
illustrated in table 7.
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TABLE 7. PROBLEMS-VERSUS—BENEFITS RESULTS FOR THE FOUR ANSWER SETS (FORMS b, F,

HE, AND HO)
Using This ETABS Feature Creates Form* Form* Form* Form**

(More or Fewer Problems Than Benefits) Dl D2 H H
1. Reading electronic strips instead of paper strips - - - F
2. Touch data entry instead of keyboard entry U ~ U F
3, Touch data updating instead of pencil - - U F
4. Second tabular display for overflow or status - - U -
5. Automatic posting - - U -
6. Manual posting - - - F
7. Automatic updates - - 4] -
8. Manual updates - - - F
9., Handoffs - - 8] F
10. Computerized recordkeeping instead of strips F F - F
11. Highlighting techniques - F - F
12. Speed of ETABS data handling as a whole u - U F
13. Reliability of ETABS data handling as a whole U - u F

Favorable (more benefits)
= Unfavorable (more problems)
= Not signficantly different from neutral

o ™

*{actual) .
**(conceptual)
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Table 7 illustrates the difference between the controllers' actual (obtained)
versus conceptual (expected) viewpoints. The form H (actual) ratings showed thart,

as tested, there were eight features of ETABS operation that were significantly
more problematical than beneficial. However, form H (conceptual) ratings showed
that the controllers envisioned significant improvements for all features to the
extent that five areas judged problematical "as tested" were judged capable of
being beneficial if improved. Interestingly, ID data entry and updating were two
of these five features. The other three were handoffs, speed of data handling, and
reliability of ETABS as a whole.

Another interesting result showed that computerized recordkeeping recelved the
most consistent positive judgments, although never really utilized during the
simulation. Finally, a most interesting result showed that manual posting and
updating were favored as opposed to automatic posting and updating. This indicated
that controllers wanted to control the insertion of all updates and postings in
their sector.

A comparison of how each individual controller's ratings changed between the four
sets of answers to the problem/benefit question was accomplished to ascertain what
changes of opinion were significant between administrations. This can be seen on
page I-26, with the raw scores listed on page I-24. The most interesting result
was obtained under the heading "FORM EO E-O PROB/BENE" on page I-26. This was the
comparison of the form H expected (projected-if-refined) ratings versus the form H
obtained (as tested) ratings. It showed that 13 out of 13 features were signi-
ficantly different, favoring the form H "expected" side versus the "obtained" side.
This showed that controllers envisioned improvement for all these ETABS features,
or conversely, that actual ETABS performance did not measure up to what the con-
trollers expected it could if refined. . :

Out of the four sets of responses, three were "obtained-type" responses (i.e.,
forms D, F, and H obtained), while one was "expected-type' judgments (form H
expected) . When the three sets pertaining to obtained judgment were compared
together, the greatest disparity was found between the form F and HO results, with
9 of 13 features rated significantly more favorable to ETABS for form F than HO.
This showed that controllers for the Wrap-Up questionnaire (form F) did "read-in"
some projected refinements when they gave their judgments of these features.

In summary, the between forms comparison of the Problems/Benefits question showed
the following results:

1. Of the features rated, computerized recordkeeping obtained the most consistent
significantly (alpha = 0.05) favorable rating.

2. The manual posting and updating features were consistently rated more favorably
than the automatic posting and updating features. N
3. The operation of "actual" ETABS, when evaluated without considering projected
refinements, received controller ratings indicating that 8 of the 13 features
had more problems then benefits, with none having more benefits than problems.

4. The operation of "conceptual' ETABS received controller ratings indicating that
9 of the 13 features had more possible benefits than problems.
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5. Comparing actual to conceptual ratings, all features were rated significantly
better for conceptual than actual ETABS operation.

EASE OF LEARNING (B3). The FEase of Learning multiple-item question contained
11 aspects for controller evaluation regarding the ease or difficulty of learning
ETABS. This question was administered during training. The results from the last

training day are presented here. The raw scores and significance listings can be
found on page 1-14.

The wording of the Ease of Learning question was presented in the following format
(numbers in parentheses are assigned values to the ratings): "Please evaluate the
ease or difficulty you experienced today in learning or using the following aspects
of the ETABS Simulation.”

(Learning this) Aspect (was) Very Hard (1)
Hard (2)
Moderately Hard (3)
Moderate (4)
Moderately Easy (5)
Easy (6)
Very Easy (7)
Each aspect received 10 responses, one from each of the controller subjects. The

mean and standard deviations of these responses were calculated and the t scores
determined. The t score per aspect represented a comparison between the mean of
the 10 responses per aspect and center scale {(4) to see if the ratings were signi-
ficantly grouped to either side of midscale.

The results on page I-14 showed that there were 3 out of 11 aspects which received
significant responses, all on the "easy" side of midscale, with no significant
aspects on the "hard" side of midscale. The three easy-to-learn aspects were:
"fabular Strip FDE Format - 1 Line, Tabular Strip FDE Format - 2 Line, and Keyboard
Message Entry Sequence."

It was very interesting to note that the responses for jearning the ID touch
sequences or ID touch entry techniques were not judged significantly harder
to learn than center scale. These aspects received critical review elsewhere
in the evaluation. However, form B was prior to the actual operational simulation

testing, the problems later reported for ID touch entry may not have as yet
been fully perceived by the controllers.

HUMAN FACTORS (C1, F1, Hl R-SIDE, Hl D-SIDE). The Human Factors multiple—item
question contained 12 aspects for controller evaluation pertaining to the
"hands—on" man/machine interface, This question was administered three times:
first in form C {page C~1) which was after training but before test rums, second in
form F (page F-1) which was immediately after testing, and third in the followup
form H (page H-1) which was given 3 months after testing. Dual answers were
required for form H regarding the as tested R-side and D-side points of view.
Thus, the question reviewed four sets of responses. Raw scores can be found
in appendix I page I-28.
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The wording of this Human Factors Aspects questCion was presented as follows
(numbers in parentheses are assigned values to the ratings): "Please rate the
various human factors aspects by marking the appropriate columns."

Aspect to be evaluated was Very Poor (1)
(check one) Poor (2)
Moderately Poor (3)
Fair (4)
Moderately Good (5)
Good (6}
Very Good (7)
Each aspect received 10 responses, one from each of the 10 controllers. The

mean and standard deviation of these responses were calculated and the t scores
determined,

The t score per aspect represented a comparison between the mean of the 10
responses and center scale (4) to see if the ratings were significantly grouped to
either side of midscale.

Page I-30 shows the results of the four administrations of the Human Factors
question. All the response means significantly different (alpha = 0.05) from
center scale are indicated by a plus (+) or minus (-) sign. Page 1-30 indicates
that all significant ratings were negative; they all were unfavorable to ETABS.
All 25 significant aspects of the 48 evaluated, deviated significantly from FAIR
toward the POOR side, with none to the GOOD side.

Results showed that two aspects were judged poor for every administration of the
Human Factors question. These were Error Free Selection of Characters on the
Interactive Display and Overall Effectiveness of Console Configuration. Other
aspects receiving POOR ratings in three of the four test administrations were:
Convenience of Location and Angle of Interactive Display for Touch Entry, Format
of Interactive Display Menus, and Overall Effectiveness of Touch-Screen Data
Entry Technique.

Also of note for the form H administrations was that the R-side received eight
negative ratings, while the D-side received only three negative ratings.

The differences showing how each individual controller changed his ratings between
the four administrations of the Human Factors question were compared to ascertain
what differences were significant. The raw score comparisons are depicted on page
I-32, with the significance listings on page I-34. Of interest were the results
under heading “FORM 12 1-2 HUMAN FACTORS." This showed that no ratings changed
significantly between the form C (after training) and form F (immediately after
testing) administrations. This showed consistency of controller opinions on forms
¢ and F which did not separate the R- and D-side points of view. However, the
comparison for form H under the heading "FORM RD R-D HUMAN FACTORS" indicates five
aspects which were all rated significantly poorer for the R-side than the D-side.
As might be expected, four of these five involved using the ETABS keyboard, which
was not avallable at the R-side. The other was Overall Effectiveness of the
Console Configuration. This probably also reflected the lack of an ETABS keyboard
on the R-side.
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In summary, the comparison of the human factors question between forms showed
the following results:

1. No aspects were rated as GOOD for ETABS human factors. Twenty-five significant
aspects out of 48 were rated POOR.

9. For all four administrations, Error-Free gelection of Characters on the
Interactive Display was judged POOR.

3. For all four administrations, the Overall Effectiveness of Console Configura-
tion was judged POOR.

4. No significant differences were found between form A (after training) versus
form F (after testing) results. fhis indicates survey—to-survey reliability.
These two forms evaluated the ETABS sector without discriminating between
positions.

S. Form H compared the R-side versus D-side responses. There were five signifi-
cant differences, all negative to the R-side. However, four reflected the absence
of an ETABS keyboard, which was not available at the R-side. The other negative
aspect was Overall Effectiveness of Console Configuration for R-side ETABS use.

CRT DISPLAY ASPECTS (C2, F2, H2 R-SIDE, H2 D-SIDE). The CRT Display Aspects
‘multiple-item question contained 12 aspects for controller evaluation pertaining to
the three ETABS displays: the ID, TD1 (near TD), and TD2 (far TD). This question
was administered three times: first in form C (page c-2) after training, second in
form F (page F-2) for Wrap-Up, and third in form H {page H-2) for Follow-Up, 3
months after testing. The form H administration required dual answers separating
responses for the R-controller and D-controller point of view. Thus, each display
(ID, TD1, and TD2) received four evaluations over the administration of the three
forms (C, F, HR, and HD).

The wording of this CRT display aspects question was presented as follows (numbers
in parentheses are assigned values to the ratings): "Please rate the various CRT
display aspects by checking the appropriate column for each of the displays.”

Aspect of the CRT Display to Very Poor (1)
be Evaluated (was) Poor (2}
Moderately Poor (3)
Fair (4)
Moderately Good (5)
Good (6}
Very Good (7N

Each aspect received 10 responses, one from each of the controllers. The mean and
standard deviation of the responses were calculated and the t scores determined.
The t score per aspect represented a comparison between the mean of the responses
and center scale (4) to see if the ratings were significantly grouped to either
side of midscale. The three ETABS displays, ID, TDI, and TDZ, are discussed
peparately.

Interactive Display. The raw scores of the responses for the IDb CRT display
aspects are listed on page I-36 along with the ranked listing of all t score
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differences from center scale. It can be seen that 21 of the 48 aspects receilved
significant (alpha = 0.05) t scores, Of these, 13 were significant to the good (+)
side, and 8 were significant on the poor {-) side of midscale.

Page I-37 shows the t scores and significances for the four administrations.
Form C had the least number of significant scores (&4) and form F the most (8).
Results indicated that one aspect was rated significantly poorer than midscale
for all four forms. This was the Absence of Fingerprint Smudges from ID Screen
aspect. There were four other negative significant aspects, two regarding ID
Viewing Angle (forms F and HR), plus Overall Display Effectiveness {(form F),
and Absence of Eyestrain (form C). On the positive side, the Phosphor Color
(green) was rated significantly (alpha = 0.05) GOOD for three forms: F, HR, and HD.
Highlighting Conspicuity also received three GOOD ratings (forms F, HR, and HD) .
Other aspects received two GOOD ratings each: Absence of Reflections (forms € and
F), Stability of Image (forms HR and DR), and Adequacy of Adjustment Range (forms C
and F).

Page I-39 depicts the raw scores for the comparison of how the individual
controller changed his ratings on the same questions between forms. The four forms
resulted in the six comparisons depicted on page I-41. Note that for the six
comparisons, only two significantly different aspects were found. These were under
heading "FORM 12 1-2 ID," comparing forms C and F. Responses for both significant
aspects, Highlighting Conspicuity and Absence of Eyestrain, changed in the negat ive
(-) direction between administratioms, indicating that these aspects were judged
significantly better for form C than F. No other aspects showed significant
changes.

In summary, the comparison of the ID CRT Display Aspects question between
forms (forms C, F, HR, and HD) showed the following results:

1. For the four administrations, there were 48 (4x12) aspects, for which 21
t scores were significantly different (alpha = 0.05) from center scale. O0f the 21,
13 were on the GOOD (+) side while 8 were on the POOR (-) side.

2. Only one aspect, Absence of Fingerprint Smudges on Screen, was rated POOR for
all four administrations.

3. ‘Two aspects, Phosphor Color (green) and Highlighting Conspicuity, recelved
three GOOD ratings out of the four administrations.

4. There were no significant differences between R-controller and D-controller
responses regarding the ID CRT display aspects.

Near Tabular Display (TDl)}. The raw scores of the responses for TD! CRT
display aspects are listed on page I-43. On the same page is the ranked listing of
all t score differences from center scale. 1t shows that 22 of 48 aspects received
significant t scores (alpha = 0.05)}. All of these significant t scores were on the
GOOD (+) side of scale, favoring ETABS. No individual aspect was rated signi-
ficant on all four forms, but five aspects were rated significant on three out of
four forms. Those rated GOOD were:

1. Highlighting Conspicuity (forms C, F, and HD)
2. Absence of Geometric Distortion (forms G, F, and HD)
3. Uniformity of Resolution (forms C, F, and HD)
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4. Phosphor Color (green) (forms F, HD, and HR)
5. Stability of Image (forms F, HD, and HR)

Page I-44 shows the t scores for each form. The most interesting result
was the difference between the form HR R-controller ratings (form HR RNEAR TAB
DISPLAY), which had only two significant aspects, and the other three forms which
had six or seven significant aspects apiece. Thus, fewer positive ratings were
given for the R-controller side.

A comparison of individual controller rating differences between forms was
performed to determine change of opinion between administrations. The raw scores
are given on page I-47. There were six total comparisons for the four forms. The
results of the comparisons are given on page I-48 in the form of ranked t scores
with significance indicated by + or ~. Results indicated that there were no
significant differences between forms C and F. 0f the 13 significant changes
found, 12 involved the R-controller aspects.

The most interesting result for the individual TPl aspects 1nvolved the
aspect Uniformity of Resolution or Sharpness of Image Across Screen. This was
the only aspect that was significantly different on one of the three forms. In
this case, the form HR (R-controller) rating was less favorable toward the TDI
display than the ratings for forms C, F, and HD. This difference was probably due
to the greater viewing distance and more oblique viewing angle from the R-side.

Another interesting result for the TD1 comparison of individual controller
rating differences between forms was obtained for the R-comtroller versus
D-controller comparison. Seven aspects were significant, all rated higher for the
D-position.

In summary, the comparison of the TDl CRT Display Aspects question between
forms C, F, HR, and HD showed the following results:

1. For the four administrations, 48 (4x12) aspects were evaluated, of which
27 t scores were significant, all on the GOOD (+) side favoring the TDIl display.

2. Responses significantly better than center scale were given for five aspects on
three of the four forms. These TDl aspects were:

Highlighting Conspicuity

. Absence of Geometric Distortion
Uniformity of Resolution
Phosphor Color (green)
Stability of Image

b D W

3. The aspect, Uniformity of Resolution or Sharpness of Image Across Screen,
was rated lower for the R-controller side (form HR) than the D-controller side
(form HD) or sector-as-a-whole (forms C and F).

4. The R-side ratings for 7 of the 12 TD]l aspects were significantly less
favorable than those for the D~side; however, no ratings were significantly below
midscale or poor.
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Far Tabular Display (TD2). The raw scores of the responses for TD2 CRT
display aspects are listed on page I-50. On the same page is the ranked listing of
all t score differences from center scale. It shows that 20 of the 48 aspects
received significant (alpha = 0.05) t scores. Of these, 10 were significant toward
the GOOD (+) side, and 10 were significant toward the POOR {(-) side of midscale.

Page I-51 shows the t scores and significances (+ or -, alpha = 0.05) per
aspect for the individual forms. An interesting distribution of +'s and -'s was
present. Forms C and HD (D-controller side) showed no sipnificant ratings toward

the POOR side of scale. Form HR (R-controller side) received only POOR significant
ratings, while form F (sector-as—a-whole) received an equal mix of four significant
aspects for each side of center scale.

Considering individual aspects, six aspects were consistently rated lower
for the R-position (form HR)} point of view using TD2 than for forms C, F, and HD.
Four of these six aspects, Overall Effectiveness, Uniformity of Resolution,
Eyestrain, and Adjustment Range were also rated significantly poorer than center
scale. Two other aspects, Viewing Angle and Legibility, would have. joined the
list, but they rated POOR for form F, and the difference between forms F and HR
ratings was not significant. These results are probably due to the viewing dis-
tance and acute viewing angle of TD2 as viewed from the R-position.

A comparison of individual controller rating differences between forms was
done to determine change of opinion about TD2 between administrations. The raw
scores are given on pages 1-53. There were six comparisons for four forms. The
results of the comparison are given on page 1-55 and show that the R-controller
ratings (form HR), when compared to the other three forms (C, D, and HD), resulted
in the most TD2 significant differences. Comparing the point of view of the
R-position to the D-position showed that 9 of the 12 aspects were rated signifi-
cantly lower for the R side (form HR) than the D-side {form HD), with none being
significantly favored in HR. This same result was indicated for form C (sector-
as-a-whole), with 8 of 12 aspects significantly lower for form HR compared to form
C ratings. Compared to form F (sector-as—a-whole), HR also had 6 of the 12 aspects
receiving significantly poorer ratings, with none significantly favoring form HR
(R-controller side). '

In summary, the comparison of the TD2 CRT Display Aspects question between
administrations showed the following results:

1. For the four forms evaluating TD2, 48 (4x12) aspects were evaluated, of which
20 t scores were significantly different {(alpha = 0.05) from center scale. O0f
these, 10 aspects were rated GOOD (+) and 10 were rated POOR (-).

2. No single aspect for TD2 was given a significant rating for all four or even
three out of four forms. X

3. No significant t scores on the POOR side of midscale where found for forms C
and HD {(D-controller side) for TD2. None were found on the GOOD side for form HR
(R-controller side). An equal mix of four GOOD and POOR aspects was found for form
F (sector-as—a-whole).

4. Results from the R-controller point of view showed that six TD2 aspects
were rated significantly poorer for form HR than for the other three forms,
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including OQverall Effectiveness of TD2. The distance of TD2 from the R-side
probably accounts for these results.

5. Nine of 12 aspects were rated significantly poorer for R-side (form HR)
than for the D-side {form HD), including Overall Effectiveness of TD2.

Comparing ID, TD!, and TD2 Results, Forms C and F. A comparison of the ID,
TD1, and TD2 results for the CRT Display Aspects gquestion for forms C and D was
done to see if ratings differed between displays for these two sector-as—a-whole
forme, Page 1-58 shows the raw scores. Page I-59 shows the ranked t scores,
with the significant t scores on the GOOD side of center scale indicated by a
+, and the significant t scores on the poor side of scale indicated by a -.
Page I-60 shows the same t scores ranked under the pertinent display heading.

Form C. These results show that for the mean ratings for ID, TDl, and TD2
displays for form C (after training), there were 14 significant aspects out of a
total of 36. Of these, 12 were significant on the GOOD side of center scale, with
2 significant on the POOR side. Both poor aspects involved the ID display. These
aspects were Absence of Eyestrain and Absence of Fingerprint Smudges on the Screen.
Page I-64 depicts the comparison of the individual controller rating differences
between displays, and also indicates that the poor ID Eyestrain and Fingerprints

aspects were the only significant differences between the ID and the other two
displays.

Form F. For form F, which was administered right after testing, results for
the 1D, TDl, and TD2 comparison show that there were 23 significant CRT display
aspects out of a total of 36. Of these, 16 were significant on the GOOD side of
center scale and 7 were significant on the POOR side of scale.

1. TD1 received seven significant aspect ratings, all on the good side. The
Overall Effectiveness aspect for TD! was rated GOOD, while the same aspects for
both the ID and TD2 were rated POOR.

2. For the ID, two poor aspects, Viewing Angle and Fingerprints, led to its
poor Overall Effectiveness evaluation,

3. For TD2, poor ratings for three aspects: Viewing Angle, Eyestrain, and
Legibility, led to its POOR Overall Effectiveness rating, even though more signi-
ficant good ratings than poor were given for both displays.

The comparison of the individual controller rating differences between
displays is given on page I-64.

1. TD!l received better ratings for Legibility and Viewing Angle than both ID

or TD2, which led to a significantly more favorable Overall Effectiveness rating
for TDL.

2. The ID was shown to differ from TDl and TD2 regarding significantly
poorer ratings on two aspects, Fingerprints and Stability of Image.

3. TD2 had only one aspect, Highlighting Conspicuity, that significantly
differed from the other two displays and was rated poorer.
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In summary, comparing the ID, TDl, and TNR? ratinmgs for the CRT Display
Aspects question showed the following results for the sector-as—a-whole forms ( and
F ratings only:

1. For form C, there were 12 aspects rated GOOD (+) and 2 rated POOR (=) out of
the 36 aspects evaluated. Comparing the individual controller rating difference
between displays showed that two aspects, Fingerprints and Eyestrain, were rated
poorer for the ID than for TDl or TD2.

2. For form F, 16 aspects were rated good and 7 rated POOR of the 36 aspects
evaluated.

a. The Overall Effectiveness aspect was rated GOOD for TDl, while it was
rated POOR for both the ID and TD2. Also, TDl received better ratings regarding
Legibility and Viewing Angle than ID or TD2.

b. The ID differed from TDl and TD2 regarding poorer ratings for two aspects,
Fingerprints and Stability of Image.

c. TD2 differed from both TDl and ID in receiving a poorer rating for High-
lighting Conspicuity.

Comparing ID, TDl, and TD2 Results, Forms HR and HD. A comparison of the ID,
TDl, and TD2 results for the CRT Display Aspects question for forms HR and HD was
done to see if the rating$ differed between displays. Page I1I-67 contains the
raw scores. Page I-68 shows the ranked t scores, with the significant t scores
indicated by + for GOOD and ~ for POOR. Page I-69 shows the same t scores ranked
under the pertinent display heading.

Form H R-Side. For form HR, which depicted the R-controller point of view,
results show that there were 14 significant aspects out of a total of 39 (3x13).
0f these, five were on the GOOD side of midscale, and nine were on the POOR side
for judgments regarding all three displays. 0f the nine POOR t scores, seven
pertained to TD2, which received no significantly GOOD t scores. The two other
POOR aspects pertained to the ID, with TDl receiving two GOOD ratings and no POOR
ratings of its 13 aspects evaluated,

Form H D-S8ide. For form HD, which depicted the D-controller point of view,
there were 13 significant aspects out of a total of 39. Of these, 12 were signi-
ficant to the GOOD (+) side of center scale with only 1 aspect, Fingerprints for
the ID, rated on the POOR (-) side of center scale. Besides the one POOR aspect,
the 1D had three GOOD aspects. TDl received seven GOOD ratings and TD2 received
two GOOD ratings, with neither TDI or TD2 having any ratings on the POOR side of
center scale.

The raw scores for the comparison of how each controller rating changed
between displays are given on page I-71 for forms HR and HD. The combined ranked t
scores are given on page I-72. This 1is broken down by display on page 1-73.

1. The primary results for the R-controller (form HR) ratings showed that the

controllers rated eignt TD2 aspects significantly poorer than ratings for both the
ID and TDl, including the Overall Effectiveness aspect.
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2. TFor the D-controller position ratings:

a. TDl received significantly better ratings than ID and TDZ for three
aspects: Absence of Eyestrain, Viewing Angle, and Legibility.

b. Tb2 differed from both the ID and TD! regarding a significantly poorer
rating on the Highlighting Conspilcuity aspect.

¢, The ID was rated significantly poorer than TD1 and TD2 oun the Finger-
prints aspect.

In summary, comparing the ID, TDl, and TD2 controller ratings for the CRT
Display Aspects question showed the following results for forms HR and HD:

1. For the 39 aspects on form HR R-side for the three displays, 9 were rated PODR
and 5 were rated GOOD. TD2 accounted for seven of the nine POOR ratings, and
the ID the other two. The TD2 Overall Effectiveness aspect was rated POOR.
Comparing the differences of ratings between displays showed that TD2 had eight
aspects rated poorer than the ID or TDl, including Overall Effectiveness. The
only significant difference between ID and TDl was the Fingerprints Aspect, which
was poorer for the ID.

2, For the 39 form HD D-side aspects for all three displays, 12 were rated
GOOD and only 1 (Fingerprints for the ID) was rated POOR. For all three displays,
the aspects Phosphor Color and Stability of Image were rated GOOD. In comparing
the differences of ratings between the displays:

a. The ID differed from both TDl and TD2 on only one aspect, Fingerprints,
which was rated poorer for the ID.

b. TPl had better ratings than both the ID and TD2 for three aspects: Eye-
strain, Viewing Angle, and Legibility.

c. TD2 had one aspect, Highlighting Conspicuity, rated poorer tham ID or TDIL.

CONCEPTS AND IDEAS FOR ETABS. The Concepts and Ideas multiple-item question
contained 43 concepts evaluated for potential application toward en route automatic
flight data handling. These concepts were derived from controller comments
and suggestions obtained from the various questionnaire responses. Putting these
concepts in a rating scale format allowed some quantification as to their adequacy
or popularity for automated en route ATC. 1In effect, the subject controllers were
rating many of their own ideas and suggestions relating to ETABS.

The question was administered in form H requiring dual answers, one from the
R-controller point of view and another from the D-controller point of view. The
question was presented to the controllers as follows (pumbers in parentheses are
assigned values for the ratings): "Based on your experience with and without ETABS,
what concepts and ideas involving flight data handling show the best potential for
development in ATC?"
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Concepts to be evaluated Very Poor (1)

Poor (2)
Moderately Poor (3)
Fair (4)
Moderately Good (5)
Good (6}
Very Good (1)

Controller responses (raw scores) are listed on page 1-75 for both forms HR
(R-side) and HD (D-side). A t score ranking is given on page I-76 with + indi-
cating significance to the GOOD side of center scale and - indicating significance
to the POOR side of center scale. It can be seen that 40 of the B6 total concepts
were significant, all to the GOOD side of scale, 19 for R-controller and 21 for
D-controller sides.

A comparison of the shifts in individual controller ratings between HR and HD was
done to determine any sipnificant changes between R- and D-side opinions. The raw
scores are presented on pages 1-79 along with the ranked differences. This shows
that only one significant difference was found. The Use of an Interactive Display
with Menus to Build Messages (make updates) was rated significantly better for the
D-controller than R-controller. However, use of this aspect was not rated signi-
ficantly better than midscale for the D-side.

Considering all the significantly GOOD aspects rtated by the controller, it was
possible to build the following scenario for an improved automated flight data
handling system.

For automated flight data display, this system would utilize a tabular display,
accommodating more strips than TDl, which would be movable (swivel, tilt, roll-
out) for R-controller viewing. Flight strips (FDE's) would be depicted on the TD
with larger AID and altitude characters than ETABS. FDE data would be controller
selectable, and outdated, rare strip marking symbology would be deleted. The
FDE's would not "move around” on the TD unless the controller moved them under
controller-selectable fix posting headers. A larger note pad and GI message area
would be available. An overhead display area would be available for maps; however,
a TD quick-look (fast-paging) feature for maps could be used instead. Handoffs or
updates made elsewhere would be indicated. Automatic recordkeeping would replace
manual.

Suggested input techniques were various. A touch-sensitive TD, a touch-sensitive
ID located vertically under a no-touch TD, or a QAK with preview display were all
judged significantly GOOD as D-side input devices. These were not significantiy
favored for the R-side. However, voice updating was favored for both D- and
R-controllers. If a touch ID were to be used, it should be eliminated or modi fied
for the R-side. Both R— and D-controllers stated that the FDE's should not move
around on the ID. Interestingly, using a trackball, a jojstick, or a light pen for
making entries were not rated significantly to the GOOD side of center scale.

As a final note, "improving the present strips system, .e., better procedure,
better egquipment” was also rated as having significantly positive potential.
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OVERALL INTERPRETATION OF RESULTS

All underlined question numbers (shown in parenthesis) indicate controller
preference based on significant (alpha = 0.05) t scores.

PRELIMINARY ATTITUDES.

From form A, it was seen that the subjects were experienced {(Al.0) controllers,
ranging in age from 34 to 45, from different facilities which employed different
procedures (A&4.2) of ATC operation. Even though they were, for the most part,
unfamiliar (A2.4) with ETABS, they indicated high hopes for ATC system improvement
(A5.21) through ETABS utilization. They also indicated that there were some faults
with the present system (A4.4); mainly excessive strips generated, faulty printers,
and input procedures being too restrictive for the R-controller among other things
(A4.4). Various fixes were recommended (A4.5).

LEARNING ETABS.

From form B, 1t was found that none of the ETABS features were rated HARD to
learn (B3.0), and 3 out of 1! items were rated MODERATELY EASY to learn: 1- and
2-Line FDE Formats and Keyboard Message Entry Sequence. Problems were found
with the operation of the interim altitude (B2.3.4) and remove interim altitude
(B2.3.6) messages. It was mentioned that the FDE was not being updated by the
ETABS interim altitude updates at times, On the last day of traiming the subject
team, as a whole, indicated that they had achieved a moderate level of skill (B4.2)
and knowledge (B4.1) using ETABS.

AFTER TESTING.

Judgments for this Wrap-Up questionnaire {(form F) were given from the sector-as-
a-whole point of view. The important gquestions from forms C, D, and E were all
contained in the Wrap-Up questionnaire, form F. Results show that the controllers'’
self-rated skill and knowledge (B4.1, B5.1, El.l, and El.3) increased slightly, but
significantly, over the course of the ETABS evaluation; never exceeding moderately
high. However, controllers agreed that they had achieved enough knowledge and
skill to give ETABS a fair evaluation (F19.1). They indicated that automation, in
general, would not change controller's job security (F4.1); thus, ETABS probably
was not viewed as a job threat by the participant controllers,

The controllers judged that, in an operational field environment, using ETABS would
lead to a degradation of NAS effectiveness (F15.1). NAS effectiveness using the
ETABS Engineering Model (F13.1) was rated less than the effectiveness of the
present NAS (Fl4.1).

The one area that contributed most to the POOR rating for 1implementing ETABS
was data manipulation using the 1ID.

1. Error-free selection of characters (Fl.4) was judged POOR. The characters
often required retouching, sometimes several times before entry.

2. The ID menu sequences (F1.7), formats (F1.6), and the overall ID touch
screen technique (F1.12) were judged POOR.
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3. 8ix of the ten controller subjects indicated that the safety of the ATC
system could be adversely affected by the attention intensiveness of the ID (F5.1).

4. Poor ratings for Viewing Angle (F2.5) and Fingerprint Smudges (F2.10) led
to a poor rating for the Overall Effectivencss of the ID (F2.12), even though the
Reflections (F2.1), Adjustment Range (F2.8), Highlighting Visibility (F2.7), Green
Color (F2.9), and Uniform Sharpness (F2.2Y of the display were rated GOOD.

Other negative ratings were as follows:

_ 1. The ETABS console Writing Shelf Depth (F1.1) was considered POOR because
the QAK and ID locations preempted most of the space.

2. The Overall Console Configuration (F1.10) was judged POOR due mainly to
the above problems with the ID, as well as problems with TD2, since TD2 location
created a Viewing Angle (F2.5) that was rated POOR, especially for the more distant
R-controller positiom.

_ 3. TD2 received poor ratings for other aspects such as Legibility (F2.6) and
Eyestrain (F2.11) which led to a POOR TD2 Overall Effectiveness rating (F2.12).

On the other hand, evaluation of TDl showed controller acceptance:
1. TD] had only GOOD ratings for CRT aspects.

2. Eight of the ten controller subjects mentioned TDL as the feature they
liked best (F10.1) about ETABS, as well as the possibility of eliminating FDP's and
strip stuffing and marking.

3. Six of the ten controller subjects recommended TDl for immediate imple-
mentation (F12.1) for depicting flight strip data.

The favored strip (FDE) formats were two-line, three-line, one-line, and four-line,
in that order, for en rtoute (F22.1), with the two-line significantly better than
the four-line. Although seven controllers preferred the two—line and three pre-
ferred the one-line format for departure strips, the preference was not statls—
tically significant (F22.2).

Consonant with the controllers favoring the two—line en route FDE format over the
four-line format, a few of the controllers felt that the following data fields in
the FDE were not needed: ground speed, sector identity, next fix, and redundent

altitude fields (e.g., interim, reports, and mode C altitudes). Some of the data
fields were relocated in transferring from the present NAS flight strips to the
ETABS FDE, This relocation required some getting used to by the participant

controllers. N

Although this simulation was less realistic than the present ATC environment,
due mainly to the light traffic sample (FD1.l) used, controllers conceptualized
that ETABS properly reconfigured would be a significant improvement (F19.1) over
present NAS. Various additions (F16.1), deletionms (Fl7.1), and changes (F18.1)
were suggested to improve the ETABS system. Narrative comments (appendix R) show
that all controllers mentioned that the ETABS concept and TD]l were good, with 9 of
10 controllers mentioning that ETABS needed proper adaptation.
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FOLLOW-UP TESTING.

One reason for giving form H was to find any differences between R-side and D-side
considerations upon readministration of the form F multiple-item gquestions.
Results showed that the R-side responses for form H had fewer good ratings and a
greater number of poor ratings than D-side for human factors and CRT aspects for
each of the three ETABS displays. TD2 was the main culprit. Being located the
farthest distance of any of the displays from the R-position and at the most acute
viewing angle, it received only POOR R-side ratings, while, at the same time,
receiving only GOOD D-side ratings. This disparity came from the D-side tailoring
of the equipment, since ETABS was designed with the D-controller as the primary
user. Controllers indicated the desirability of a movable TDL or TD2 display
(H8.17) for better R-side viewing, and the need for better tailoring of the ID

input function for effective R-side use (H8.19) (i.e., minimum number of input
steps).

Another reason for giving form H was the separation of points of view between the
conceptualized (or expected) ETABS versus the actual (or obtained) ETABS through
readministration of form F multiaspect questions. The results showed that the
Actual Versus Conceptualized evaluations of the system were polar extremes and that
form F results fell in between them. Interpretation of this considered that the
form H Actual evaluations were worst-case, and unforgiving of the fact that the
equipment was prototype in nature and unrefined; form F (Wrap-Up) results probably
included some foreseen basic improvements, while form H (expected} results por-

trayed controller evaluation of an idealized ETABS system including conceptualized
refinements.

Form H (expected) results corroborated form F opinion that refining the ETABS
concept could result in a flight data handling system superior to present NAS
(F19.1, H5.1, and H6.1). Form H results also corroborated that, although the
ETABS concept was rated good, ETABS was unsuitable for present operational imple-
mentation as configured (F15.1 and H7.1). Concepts rated beneficial were Elec-
tronic Strip Display (H14.IJ, Touch Entry and Updating (H4.2 and H4.3), Manual (not
automatic) Updating/Posting (H4.8 and H4.6), and Automated Recordkeeping (H4.10).
It was also envisioned that ETABS speed (H& 12) and reliability (H4.13), though
unfavorable, were conceptually favorable upon “refinement.

Form H also evaluated the many alternative concepts proposed for ETABS by the
subject controllers and others during the test period. The following scenario was
developed of the concepts rated significantly on the GOOD side of midscale.

1. It indicated that controllers favored using a larger (H8.34) tabular
display which would display controller-selectable strip information (H48.36) and fix

headers (HB.37), along with expanded GI and status message space (H8.41) This
display should be movable and rotatable for improved R-side viewing (H8.17).

2. Favored input concepts were voice entry (HB 43}, touch sensitive TD
(18.6), ID located vertically under the TD (H8.21), and QAK (H8.5) only input.

3. Favored features were Automatic Recordkeeping, (H8.33) Overhead Map
(H8.26) or Quick TD Paging for Map Displays (HB.27), and Stabilized Movement of FDE
on both the ID and TD displays (HB.39 and H8.40).

4. Automatic indication of remotely made updates (HB8.30) and oversize
AID and altitude characters (H8.25) were also rated as good ideas.
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CONCLUSIONS
Based on controller opinion of the Electronic Tabular Display Subsystem (ETABS) in
an air traffic control (ATC) simulation it is concluded that:
1. A properly adapted cathode-ray tube (CRT)-displayed automated flight data
handling system such as ETABS is foreseen by the controller subjects as a probable

future improvement to ATC.

2. The feature most highly rated was the near tabular display (TDl). Most
said that this was the one ETABS feature ready for operational implementation.

3. The ETABS input procedures and input device, namely the 1D, are too attention

intensive for timely operation. There were two main reasons for this. First,
controllers frequently had to make several "touches" to successfully activate a
menu function or select a character. Second, the menu method of data input

and function selection required a greater number of keystrokes than currently used
in the NWAS.

4. Automatic posting and updating needs some form of manual controller acknowl-
edgement for any change of flight data in sector.

5. Flight data fields and format should be adaptable for various sector and

facility requirements.

RECOMMENDATIONS

From the conclusions, it is recommended that:

1. Alternative data entry and update approaches be developed to reduce errors,
increase speed, and improve accuracy.

2. ATC procedures be adapted (i.e., strip marking, handoff, displayed strip data,
and posting requirements) to streamline ATC data manipulation to more effectively
use automation capabilities.

3, Further work be accomplished in developing an automated flight data handling
system utilizing the controller recommendations from this study.

4, The presently developed subjective survey technique and data reduction and
analysis capability be used for evaluation of future flight data handling and

display systems.

5. ATC specialists continue to be involved in development of flight data handling
and display systems.
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APPENDIX A
FORM A
ETABS PRELIMINARY SURVEY
This survey determines the past experience of the controller, present pretralining

knowledge of ETABS, and any prior opinions as to how ETABS will affect the
controller or system.






CONTROLLER ID NO. ETABS Evaluation
DATE Proj. No. 122-113-600
AGE Questionnaire FORM A

ETABS PRELIMINARY SURVEY

This questionnaire is designed to be given before ETABS training to
determine past ATC experience and prior opinion toward ETABS. Please feel
free to make comments after any questions.

1.1 How many years ago was it that you last controlled traffic in ATC (0 if
presently)?

How many years experience have you had as an Air Traffic Control Specialist
with the FAA? (Enter the appropriate numbers below.)

1.2 years in En Route Air Traffic Control

1.3 years in Terminal Air Traffic Control

1.4 Have you ever controlled traffic prior to use of flight strip
printers?

yes
no

1.5 Have you ever controlled traffie prior to installation of NAS
(digitized flight tracking)?

yes

no

2.0 The next questions can be answered by circling yes or no.

2.1 Are you Tech Center personnel assigned to ETABS? yes no
2.2 Have you had hands-on experience with ETABS before? yves no
2.3 Have you seen literature or photos on ETABS before? yes no
2.4 Are you familiar with the basic objectives of ETABS? yves no



CONTROLLER ID XNO. ETABS Evaluation

3.0

3.1

Proj. No. 122-113-600
DATE Questionnaire FORM A

Please complete the following statements.

When 1 use typewriter (QWERTY) keyboards I usually: (Check one.)

__touch type _hunt and peck

3.2 When I type I: (Check one.)

hardly ever look at the keys.
seldem look at the keys.

occaslonally look at the keys.

frequently look at the keys.

almost always look at the keys.

3.3

4.0

4.2

4.2.4

4.2.5

4.,2.6

4.2.7

I would rate my typing speed as: (Check one,)

_very fast.
" fast.

moderate.

slow,

very slow,

This section is for presently active field controllers.

What 1s the level of your present facility?

During normal operation at your present facility, please estimate the
percentage of time each of the controllers spends on the following
tasks.

TASKS CONTROLLER

R D A TOTAL
Ripping and stuffing strips 7+ %o+ A = 100%
Requesting strips 2+ A+ 7 = 100%
Posting strips A+ 0 A+ 7 = 100%
Manipulating strips in bay %o+ i+ Z = 100%
Marking (notating) strips Z+ 7+ L= 1007
Entering flight plan data o+ i+ % = 100%
Talking to pilots 7%+ 4+ % = 100%




CONTROLLER 1IN HNO. ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM A

4.3 At my present facility the second (D) controller is primarily: (Check

one.)
a manual controller,

::::ﬁ handoff/tracker controller.

4.4 TPlease 1ist below any problems which you feel may exist in flight data
handling in your present NAS facility. '

4.5 Have you any suggestions as to how the above problems might be
resolved?

A-3



CONTROLLER ID NO.

DATE

ETABS Evaluation
No. 122-113-600

Proj.
Questionnaire FORM A

‘he purpose of the following questions is to elicit your opinion on how ETABS will affect you

ind your ability to do your job.

.ndicate your expectations on the following general aspects.

Even though you now may not know much about ETABS, please
Check one column for each row.

COMPARED TO THE PRESENT NAS,
WHEN USING ETABS-—-

Greatly

Decrease

Moderately
Decrease

Slightly
NDecrease

Not

Change

Slightly
Increase

Moderately
Increase

CGreatly

Increase

5.1 Work required for flight strip data handling will

5.2 Complexity of flight data handling procedures will
5.3 Job satisfaction will

5.4 Work required for non-flight stxip data handling will
5.5 Amount of eyestrain will

5.6 Speed of inputting messages to the computer will

5.7 Speed of system reSponsE will

5.8 Likelihood of miskeying data will
:5.9 Likelihood of misreading will

5.10 Number of message input errors or rejects will

5.11 Ease of correcting message input errors or rejects willl
5.12 Number of aircraft delays will

5.13 Amount of R-D controller coordination will

5.14 Amount of weather/status info. available will

5.15 Amount of frustration will

5.16 Number of sector—sector 1nterphone contacts will
5.17 Likeiihood of A/C to A/C conflicts will )
5.18 C#pacity to handle simultaneous flights will

5.19 Confidence in the system will

5.20 Ease of R-D controller coordination will

5.21 Overall system effectiveness of NAS with ETABS will
| 5.22 Other (list)

A-h




CONTROLLER ID NO.

ETABS Evaluation

Proj. No. 122-113-600
DATE Questionnaire FORM A

5.23 Please use the space below for any comments you may wish to make
regarding your answers to the above items.

6.1 How would you complete the following statement? "I feel that, in

general, increasing use of automation in the ATC system will _
the average controller’'s job security.” {(Check one.)

greatly increase
moderately increase
slightly increase
not change

slightly decrease
moderately decrease
greatly decrease







APPENDIX B
FORM B
ETABS DAILY TRATNING SURVEY
This survey is administered at the end of each day of traiming. It attempts fo

bring out general and specific areas of difficulty and solicit recommendations as

to training aids and emphasis. It also familiarizes the controller with the total
set of messages.






CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM B

DAILY TRAINING SURVEY

This survey is given at the end of each training day to obtain feedback on
the progress of ETABS familiarization.

1.0 After today's training sessions, can you think of any aids or
procedures that could be utilized to help you learn ETABS?




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM B

CONTROLLER MESSAGES

2.0 Below 1s the complete list of ETABS messages and data fields needed to
input them. Please check any that give you special problems. A
comment section is provided beside and after the list. Please explain
all checks. -

COMMENTS

(ot
.
—
.
o

ENTER NEW FLIGHT PLAN AND AMEND
(Data fields needed)
. Alreraft ID

Alreraft data
::::Beacon code

True airspeed
____Coordination fix
_ __ Coordination time

Altitude
____Route

Remarks

L]
.

* » L[] L) -
L] - » * .

*

RN R NN R NN R
-

i e I N o S e
.

2R -RR N = NV, T A JCRP N, R

[
L )

*
»

AMEND FLIGHT PLAN

— _Equipment qualifier message

__Interim altitude message
Beacon code request message
Reported altitude message

BOR RO NN
*

N RN
.

W N -0

ALTERNATIVE BEACON AND ALTITUDE AMENDMENTS
Beacon code entry

... Beacon code request

____Reported altitude
Interim altitude
Interim altitude used a reporting altitude
Interim altitude deletion
Agsigned altitude

.

W W w W wwiw
.

~ oUW - D

* * e
* & s 3

NN NN N
. . .
. .

2.4.,0 AMEND FLIGHT STATUS DATA

These are also modifiable by CCC
2.4.] Ground speed

2.4.2  Previous fix and time

2.4.3 Posting fix and time

2.4.4 Coordination indication

2.5,0 ENTER CONTROLLER NOTATIONS
2.5.1 __ Pilot time message
2.5.2 Radar vector message
2.5.3 Text note message

2.6.0 HIGHLIGHT FLIGHT DATA Four mark menu modes
2.6.1 Double character brightness

2.6.2 Flashing characters

2.6.3 Large characters

2.6.4 ::Ilnderline



CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122~113-600
DATE Questionnalre FORM B

COMMENTS
(Three keyboard and keyboard menu modes)
Double character brightness
Flashing characters
Large characters
o (Also)
Boxing an FDE (cocking)
____Highlighting an FDE data field with a mark

[ S N ]
.

oo O
.

~ hun

|
.
[« e
.
o oo

MANAGE TABULAR NON-FLIGHT DATA*
Set weather message*
Weather request message*
____Set altimeter message*
____Altimeter request message*
Upper winds request message¥®
Restricted area request message*

General information message*

.
.

MR RN RN
*

VRN NN N e B
.

~ ool N = O

|

CHANGE STATUS OF A FLIGHT
- Departure message
Progress report message

Hold message
Accept handoff megsage
____Retract handoff message
___Initiate handoff message
Drop flight plan and track message
Cancel NAS not ARTS message

____ARTS flight plan transfer message

SR R C R B )
oocncoooaoonoooooooo
uomwm&bww:—-o

MODIFY FLIGHT TRACK*
Automatic handoff message*
Re—establish track message*
Coast track message*
Drop track message*

|

|

[ASI SR SR R
L]
(Y=Y e BIV.JRV Y]
.
PNV L e on ]

MANAGE PVD FULL DATA BLOCKS
Offset direction/leader length message

‘‘‘‘‘ Force FDB message

Request/suppress FDB message

Point out FDB message

Route display message

~ Conflict alert

*
.

.
[

|

|

.
+*

|

- o L o I o (KR o6
[

[ T e N )
OO OO OO0
-

[ IV, N VU R~

2,11.0 MANAGE CONTROLLER'S PVD

2.11.1 Sector/facility auto handoff message
2.11.2  Suppress conflict alert group message*
2.11.3 _ Altimeter request message*

2.11.4 _ Altitude limits message*

2.11.5 Beacon code insert/delete message*
2.11.6 Flight plan readout message

*These items are not belng taught due to time restrictions
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CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM B

12.12 COMMENTS:




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM B

3.0 Please evaluate the ease or difficulty you experienced today in learning or using
the following aspects of the ETABS Simulation. Check one box for each aspect. [Use
NA if not covered in today's training.

> -
i —t
1] [11] 1]
Y] N ) R\'
@ ] ©
ASPECTS " | +
T 0| v o of @ > ] oo
AR | o oW olw e o & o
o o W O ol &6 ® o] o
> o TR | Ew B e

3.1 Interactive display message entry sequences

3.2 Keyboard message entry sequences

3.3 Tabular display FDE (stxip) format - 1 line

3.4 Tabular display FDE (strip) format — 2 linpe

3.5 Tabular display FDE (strip) format -~ 3 line

3.6 Tabular display FDE (strip) format - 4 line

3.7 Tabular display non-FDE information formats

3.8 Simulation environment

3.9 New sector geometry

3.10 Interactive display touch entry technique

3.11 ETABS control of PVD functions

3.12 Other aspects affecting you (please list)

3.13 COMMENTS:




CONTROLLER ID NO.

DATE

4.1 Please estimate your

4.2 Comments (if any):

ETABS FEvaluation
Proj. No. 122~113-600
Questionnaire FORM B

present level of knowledge of ETABS. (Check One.)

very high
high
moderately high
moderate
moderately low
low
very low

5.1 Please estimate your present skill level in using ETABS. (Check One.)

5.2 Comments (if any):

very high

high

moderately high
moderate
moderately low
low

very low




APPENDIX C
FORM C
POST TRAINING SURVEY
This survey is given after the last day of training. It is designed to evaluate

ergonomic aspects of ETABS. These same questions are repeated in the "Wrap-Up"
survey after the evaluation runs are completed to detect any change in opinion.






CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FOWE C

1.0 Please rate the various human factors aspects by checking the appropriate cdlucn.

> P
i —
1] 1]
IS &
m o
- H
ATED - oH Ll U 19 TR o Tl D
ASPECTS TO BE EVALU Al sen ] B gl 03
o 0 o O G 0 OO0 C| o O
=+ =P8 By -9 28 B ] o2 e )

Depth of console ghelf (adequacy of

1.1 space for reference material)
Accessibility of ETABS

1.2  keyboard (location and orientatiom)
Visibility of ETABS keyboard

1.3 (labels and backlighting)

Error-free selection of

l.4 characters on interactive display
: Convenience of location and angle
i 1.5 of interactive display for touch entry

1.6 TFormat of interactive display menus

1.7 Naturalness of menu touch sequences
_ Adequacy of special strip
' 1.8 marking symbols on mark menu
Ease of coordinating ETABS
1.9 keyboard and interactive display
Overall effectiveness
1.10 of console configuration

11.11 Overall effectiveness of ETABS keyboard
Overall effectiveness
1.12 of touch—screen data entry technique

1.13 Other

1,14 Comments
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APPENDIX D
FORM D
POST FAMILIARIZATION SURVEY

This survey is given after the final familiarization run. The questions are in the
form of rating scales and will be evaluated to determine simulation realism and

problems versus benefits.






CONTROLLER ID NO. _ ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM D
SECTOR WORKED POSITION WORKED R
{Check One) D

POST FAMILIARIZATION

This survey is given once after the familiarization runms. Please be candid.
Feel free to comment. All replies will be confidential. No names will be
used during data analysis and reporting.



CONTROLLER 1ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM D

The purpose of the following questions is to determine opinions on the realism of the
operational simulation of the ETARS.

1.0 Please place a check mark 1n the column which best reflects your oplanion of the
realism of the following aspects.

REALISM WAS
> B
— —
v ¢ | o
ATC SIMULATION ASPECTS I 5| &
B o g | 3g 2=
ozl =z luo oz Tl osH ol|ho
g9 212238 ol &g |9~
> A = A E| 2@ = |[>x@

l.] Traffic samples

2.2 Sector geometry

1.3 Communications

l.4 Pilot responses, verbal

1.5 Aircraft dynamic response

1.6 Physical layout of consoles, etc.

1.7  General environment (lighting, noise, etc.)’

1.8 The simulation as a whole

1.9 Other (please list)

1.10 COMMENTS:

1.11 What would you change to improve the realism of the simulation?
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APPENDIX E
FORM E
POST RUN SURVEY
This survey is given after each run. Developmental progress in knowledge and skill
is queried the same as during training. ETABS aspects regarding workloeoad are

evaluated and comments solicited. Rating scales on the traffic sample, ability of
controller to keep up, and helpfulness of ETABS are provided.






CONTROLLER ID NO. ETABS Evalunation
Preoi. No. 122-113-600
DATE Questionnaire FORM E

POST RUN SURVEY

SECTOR NO. ] POSITION WORKED R TIME OF DAY
{(Check one.) D

1.0 Please answer the followlng questions from the point of view of the
position (R or D) which you worked on the run just completed. Please give
your honest, independent opinions, not necessarily those which you may have
heard expressed by associate controllers or the Technical Center staff.

1.1 Please estimate your present level of knowledge of ETABS. (Check one.)

____very high

high

moderately high
moderate

noderately low

low
very low

|

1.2 COMMENTS (if any)

1.3 Piease estimate you present skill level in using ETABS. (Check ane,)

very high

high
moderately high
moderate
moderately low
low

very low

an

1.4 COMMENTS (if any):




CONTROLLER ID NO. ' ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM E

2.0 A large number of things contribute to air traffic control workload. Please Tate
the following aspects with respect ot the amount of workload or difficulty each
presented during the run just completed. (Please check one column in each row. If
you did not perform any of the aspects, mark them with NA.)

LEVEL OF WORKLOAD

= 2 =

ASPECTS CONTRIBUTING 3 3 ] G =
TO WORKLOAD ON THIS RUN - 8 vl =
Il L] al o & £ gy

| 7] je3 m 32 o T3 oo &0 bt

U @] c QO 0 O et v Q

= W1 =l == =] =

Dealing with nearly simultaneous traffic
2.1 entering or exiting sector (bunching)

+

Maintaining a mental picture of the location
2.2 and movement of the A/C in your sector

2.3 Issuing control instructions to pilots

2.4 Getting used to the simulation environment

2.5 Learning new sector geometiry

Getting used to communicating with “sim op”
2.6 pilots instead of real pilots

Getting used to reading
2.7 strips on a CRT {(tabular display)

2.8 Getting used to ETABS message entry formats
Getting used to touch
2.9 entry on the interactive display
Getting used to ETABS menu operation se-
2.10 quences (logical order of performing actions)
Getting used to posting
2.11 flight strips via ETABS
Getting used to entering
2.12 new flight plans into ETABS
Getting used to updating or modifying
2.13 flight strip information via ETABS
Getting used to ETABS strip marking
2.14 symbols and controller notation techniques
Getting used to making
2.15 or accepting handoffs via ETABS
Getting used to ETABS
2.16 considered in its entirety

2.17 oOther (please list)




CONTROLLER ID NO. ETABS Evaluation

DATE Proj. No. 122-113-600
POSITION Questicnnaire FORM E

2.18 In the above question on aspects contributing to workload, 1if you
rated the contribution to workload of any aspect "MODERATELY HIGH" or
higher, please briefly state why below.

3.1 For this run, how would you rate typical system response delays?
(Check one.)

acceptable, very short.
acceptable, short.

acceptable, moderately short.
marginal, moderate.
unacceptable, moderately long.
unacceptable, long.
unacceptable, very long.

E-3



CONTROLLER ID NO. ETABS Evaluation
DATE Proj. No. 122~113-600

POSITION Questionnaire FORM E

4.1 Please list below any other problems (not mentioned elsewhere) which
you may have had with anything involving ETABS.

- 5.1 Please list below any problems which you may have had with the ATC
simalation.

&

6.1 Please rate your workload in the run just completed. Use the scale of
one to ten below. Circle the number most closely matching your overall
workload.

WORKLOAD

i 2 3 4 5 6 i 8 9 10
LOWEST HIGHEST

E-4



CONTROLLER ID NO. ETABS Evaluation
DATE Proj. No. 122-113-600
POSITION (uestionnaire FORM E

7.1 In the run just completed, how would you rate the amount of traffic
handled in comparison to average traffic at your own facility position.
Nonactive controllers mark N/A. (Check one.)

much greater than averdge
greater than average

slightly greater than average
the same

glightly less than average
less than average

much less than average

Ak

7.2 COMMENTS (if any):

8.1 Please complete the following statement. "On the run just completed I
feel that I was _ the ATC task demand.” (Check one)

_ way ahead of

ahead of

slightly zhead of
}ust keeping up with
slightly behind
behind

way behind

T

8.2 COMMENTS (if any):




CONTROLLER 1D NO. ETARS Evaluation

DATE Proj. No. 122-113-600 -
POSITION Questionnaire FORM E

9.1 On the run just completed, how would you rate the contribution of ETABS
to the performance of your ATC job? (Check one)

a great help

a help

a slight help
neutral

a slight hindrance
a hindrance

a great hindrance

9.2 COMMENTS (if any):




APPENDIX F
FORM F

WRAP-UP SURVEY

This survey is given once at the end of the evaluation. The first three questionms
are the same as those from the Preliminary and Post Training Surveys to see how
or if these opinions change. The other questions are general in nature asking
controllers to sum up their feelings. Narrative comments are solicited as well as
rating scales. Comparison to the present system is made. Aspects for an ideal

system are requested. Hypotheses on the worthwhileness of the ETABS "concept" are
solicited.






CONTROLLER ID NO.

DATE

1.0 Please rate the various human factors aspects

ETABS

Proj.

Evaluation

No. 122-113-600
Questionnaire FORM F

by checking the appropriate column.

Eal I

— ~

1] 1]

: :

Lo
ASPECTS TO BE EVALUATED o 54 o L8 w15 ol s
T8 SI88| Al38| g8
gg gzm [T - IR o > 0

Depth of console shelf {(adequacy of

1.1 space for reference material)
Accessibility of ETABS

1.2 keyboard (location and orientation)

: Visibility of ETABS keyboard

1.3 (labels and backlighting)
Error-free selection of

1.4 characters on interactive display
Convenience of location and angle

1.5 of interactive display for touch entry |

1.6 Format of interactive display menus

1.7 Naturalness of menu touch sequences
Adequacy of special strip

1.8 marking symbols on mark menu
Ease of coordinating ETABS

1.9 keyboard and interactive display
Overall effectiveness

1.10 of console configuration

1.11 Overall effectiveness of ETABS keyboard
Overall effectiveness

1.12 of touch-screen data entry technique

1.13 Other

1.14 Comments
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CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM ¥

3.0 Based on your own experience with present NAS and ETABS simulation, please indicate your
thoughts on the following general aspects. (Check one.)

FTECR 1T G| R 1 I

R BER T R R B R
3128 n8|AE|xS[258|89

3.1 Work required for flight strip data handling

3.2 Complexity of flight data handling procedures

3.3 Job satisfaction

3.4 Work required for non-flight strip data handling

3.5 Amount of eyestrain

3.6 Speed of inputting messages to the computer widd

3.7 Speed of system response

3.8 Likelihood of miskeying data

3.9 Likelihood of misreading

3.10 Number of message input errors or rejects

3.11 Ease of coérecting message lnput errors or rejects

3.12 Number of aircraft delays

3.13 Amount of R-D controller coordination

3.14 Amount of weather/status info. available

3.15 Amount of frustration

3.16 Number of sector-sector interphone contacts

3.17 Likelihood of A/C to A/C conflicts .

3.18 Capacity to handle simultaneous flights |

3.19 Confidence in the system

3.20 Ease of R-D controller coordination

3.21 Overall system effectiveness of NAS with ETABS

3.22 Other (list)




CONTROLLER ID NO.

DATE

ETABS Evaluation
Proj. No. 122-113-600
Questionnaire FORM F

3.23 Please use the space below for any comments you may wish to make

regarding your answers to the above items.

4.1 How would you complete the following statement?

(Check one.)

"1 feel that, in general, increasing use of automation in the ATC

system will

greatly increase
moderately increase
glightly increase

not change

_ slightly decrease
moderately decrease
greatly decrease

the average controller's job security.”



CONTROLLZR ID NO. ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM F

5.1 1Is there anything about ETABS which you feel might affect ATC safery?

6.1 1Is there anything about ETABS which you feel might affect ATC
efficlency?

7.1 1Is, there anything about ETABS which you feel might affect expeditious
movement of traffic?




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-6060
DATE Questionnalre FORM F

8.1 If there are any normal ATC tasks or functions which do not have thelr
counterparts in ETABS, please list them below.

9.1 1If there are any ATC procedures (as in the ATP manual) which can be
simplified or eliminated by the use of ETABS, please list them below.

10.1 What do you like most about ETABS, and why?




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM F

10.1 Continued

11.1 What do you like least about ETABS, and why?




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM F

12.1 Are there any aspects of ETABS which are of such obvious benefit to
present NAS that you would recommend immediate Iimplementation?

13.1 How would you rate the effectiveness of the present NAS (with printed
strips)? (Circle one.)

SYSTEM EFFECTIVENESS

1 2 _ 3 4 5 6 7 8 92 10
LOWEST HIGHEST

‘14.1 How would you rate the effectiveness of the simulated NAS using
ETABS? (Circle one,)

SYSTEM EFFECTIVENESS

-

1 2 3 5 6 7 8 9 10
LOWEST HIGHEST

15.1 How would you complete the following statement? {Check one.)

“"As presently configured, I feel that use of ETABS in an operational
field environment would lead to NAS effectiveness.”™

a great lmprovement of

an improvement of

a slight improvement of
no change to

a slight degradation of
a degradation of

a great degradation of

R

i
|



CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600

Questionnaire FORM F

DATE

15.2 COMMENTS:

16.1 What would you like to see added to ETABS? Is any needed feature
missing?

17.1 What would you like to see deleted from ETABS? Are there superfluous
or undesirable features?

18.1 What about ETABS would you like to see changed? What would you want
done differently?




CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM F

19.1 Assuming that the above additioms, deletions, and changes were made to
the ETABS, please complete the following statement. (Check one.)

“Given the above modificatiens, T feel that use of ETABS in an
operational field environment would lead to NAS
effectiveness."”

___a great improvement of
an improvement of
a slight improvement of
no change to
a slight degradation  of
___a degradation of
a great degradation of

19,2 COMMENTS‘(IF ANY) :

20.1 Can you think of any other type of flight data handling concept which
might be used in enroute ATC in the place of strips or ETABS?

F-10



CONTROLLER ID NO. ETABS Evaluation

Proj. No. 122-113-600
Questionnaire FORM F

DATE

21.1 Please complete the following statement. (Check One.)

"My operating skill in the use of ETABS and my knowledge of ETABS are
o to give it a fair evaluation.”

much more than enough
more than enough

slightly more than enough
just enough

slightly less than enough
less than enough

much less than enough

21.2 COMMENTS:

22.1 The following fold-out shows the four en route FDE formats (one-line
to four-line) and the two departure FDE formats (one—~ and two-line)
for your review. Please rank (best to worst) each of the four en
route FDE formats indicating how well you feel the FDE would meet the

ATC needs of your present position at your facility. (One 1is best and
four is worst.)

one-line format
two—-line format
three~line format
four—-line format

1]

22.2 Please put a check next to the departure FDE format which you would
favor as best meeting the needs of your positicn at your facility.

one-~line format
two~line format

22.3 On the fold-out sheet depicting the FDE formats, please boldly mark

over any data field that, in your opinion, needs changes. Use the
following symbology: :

>< = ynnecessary, can be deleted
If)

= causes Or may cause problems for various reasons

(:::j::::y*% = move data field to a different place
I:::::::::}’fu = {ngert a new data field here

F-11



CONTROLLER ID NO. . ETABS Evaluation
Proj. No. 122-113-600

DATE Questionnaire FORM F

22.4 Please comment on each change:




APPENDIX G
FORM G

OBSERVER'S REPORTING FORM

This form is completed by the observer during and after the completion of each
simulation run. The form is in two parts., The first part is an observer record of
comments made by the controller regarding ETABS or other notable events seen by the
observer during the run. The second part consists of six items to be completed by
the observer at the end of the run. These six items are rated on 10-point rating
scales, both for R and D controllers. The responses to these items will be

correlated to subjects' responses to evaluate the degree of correlation between the
two.






CONTROLLER ID NO. ETABS Evaluation
Proj. No. 122-113-600
DATE Questionnaire FORM G

1.1 This form is completed by the observer during runs. The object is to
record observations made by the controller or unreported significant
events noticed by the observer.

G-1



CONTROLLER 1D NO.

DATE

Controller observations continued.

ETABS Evaluation
Proj. No. 122-113-600
Questlonnaire FORM G




CONTROLLER ID NO. ETABS Evaluation

Proj. No. 122-113-600
DATE Questionnalre FORM G

The observer is to complete the following questions at the conclusion of
each run.

2.0 How would you rate the interest of the controller in the simulation?

2.1 R Controller

1 2 3 4 5 6 i 8 9 10
NOT VERY
INTERESTED INTERESTED

2.2 D Controller

1 2 .3 4 5 6 7 8 9 10
NOT VERY
INTERESTED INTERESTED

3.0 How would you rate the rapport between the controllers?

1 2 3 4 5 o 7 8 9 10
VERY VERY
LOW HIGH

4.0 How would you rate the controller's typing speed?

4.1 R Controller

1 2 3 4 5 6 7 8 9 10
VERY VERY
SLOW J FAST

4,2 D Controller

1 2 3 4 5 6 7 8 9 10
VERY VERY
SLOW FAST

5.0 How was the controller workload during this run?

5.1 R Controller

1 2 3 4 5 6 7 8 9 10
VERY VERY
LIGHT ‘ HEAVY

5.2 D Controller

1 2 3 4 5 6 7 8 9 10
VERY VERY
LIGHT ' HEAVY






APPENDIX H
FORM H

ETABS FOLLOW-UP QUESTIONNAIRE

This follow-up questionnaire, Form H, is given for the four following reasons:

1. To

clarify some questions in the ETABS questionnaire confounded between the

"concept” and "as tested" points of view.

2. To
R-side

3. To

4. To
having

clarify some questions in the ETABS questionnaire confounded between the
and D-side points of view.

add some general questions on overall ETABS as-tested applicability.

add a rating scale for evaluating various concepts and ideas mentioned as
ATC advancement potential.






CONTROLLER ID NO. ETABS Eveluatiom

Proj. No. 122-113-600
DATE Questionnaire FORM H

1.0 Please rate the various human factors by marking the appropriate columns.
Mark each with an "R" (for R-side) and "D" (for D-side). Put "R" and "D"
in the same box if appropriate.

> >
- ~
[ o
| - 2 E
ASPECTS TO BE EVALUATED o ke A R H o
T ELHERIE K
o] A Bu i |E (D’.>8

Depth of console shelf (adequacy of

1.1 space for reference material)
Accessibility of ETABS

1.2 keyboard (location and orientation)
Vigibility of ETABS keyboard

1.3 (labels and backlighting)
Error-free selection of

1.4 characters on interactive display
Convenience of location and angle

1.5 of interactive display for touch entry

1.6 Format of interactive display menus

1.7 Naturalness of menu touch sequences
Adequacy of special strip

1.8 marking symbols on mark menu
Ease of coordinaring ETABS

1.9 keyboard and interactive display {
Overall effectiveness

1.10 of console configuration

1.11 . Overall effectiveness of ETABS keyboard
_ Overall effectiveness
1.12 of touch-screen data entry technique

1.13 Other

1.14 bomments
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CONTROLLER ID NO.

3.0 Based on your own experience with present NAS and ETABS simulation, please indicate
your thoughts on the following general aspecta.
and "C" (for Concept), Put "A" and “C" in the same box if appropriate.

E LR

DATE

m—T

R

ETABS Evaluation

Proj. No. 122-113-60
Questionnaire FORM W

S ———

Mark each with an “A" (for As tested)

ol Ro| ol 2ol o
copARED 0 Tz RESENT s, SEHEHPREHEEEY
HHEN TSI ETRST I EHER M EHEHEE
R R EE I R
3.1 Work required for flight strip data handling
3.2 Complexity of flight data handling procedures
3.3 Job satisfaction
3.4 Work required for non-flight strip data handling
3.5 Amount of eyestrain
3.6 Speed of inputting messages to the computer
3.7 Speed of system response
3.8.._ Likelihood of miskeying data
3.9 ldkelihood of ﬁisreading
3.10 Number of message input errors or rejects
3.11 Ease of cbrrecting measage input errors or rejects
3.12 Number of aircraft delays
3.13 Amount of R-D controller coordimation
3.14 Amount of weather/status info. available
3.15 Amount of frustration
3.16 Number of sector—sector interphone contacts
3.17 Likelihood of A/C to A/C conflicts
3.18 Capacity to handle simultaneous fliéht;
%119 Confidence in the pystem )
3;20 Ease of R-D controller coordination
'3.21 Overall system effectiveness of NAS with ETABS
5.22 Other (list)
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CONTROLLER 1D NO. ETABS Evaluation

5.1 (F13.1)

1 2

Project No. 122-113-600
DATE Questionnaire Form H

How would you rate the effectiveness of the present NAS (with
printed strips)? (Circle one.)

SYSTEM EFFECTIVENESS

3 b 5 6 7 8 9 10

LOWEST

5.2 (F14.1)

1 2

HIGHEST

‘How would Qou rate the effectiveness of NAS using ETABS?
{Circle two. (Indicate "A" for actual and “C" for concept.)

SYSTEM EFFECTIVENESS

3 h 5 6 7 8 9 10

LOWEST

6.1 (F15.1)

HIGHEST

How would you complete the following statement?

"| feel that use of ETABS in an operational field
environment would lead to NAS effectiveness.,"
(Indicate “'A" for actual and ''C" for concept.)

a great improvement of

an improvement of

a slight improvement of

no change to

a slight degradation of

a degradation of

EEEENE

a great degradation of

On the basis of the equipment and procedures used in ETABS,
indicate your opinion of its suitability for operational use
in ARTCC's. Please check one of the five statements below.
{Actual only.) - :

Suitable, fine as is

Suitable, but minor modification desirable

Marginally suitable, major modifications necessary

Unsuitable, concept is 0K; but complete redesign is essential

RENE

Unsuitable, entire concept is inappropriate

H-5



ONTROLLER ID NO. ETAES Evaluation

Proj. No. 122-113-600
DATE Questionnaire FORM H

H-8. Basec on your experience with and without ETABS, what concepts or ideas involving
flight data handling show the best potential for development in ATC. TPlease mark
the appropriate box with an “R" (for R-sice) and "D" (for D-side) if necessary.

v

POTENTIAL FOR ATC IS
o o
i st
Q 1]
Fe pFal
CONCEPTS TO BE EVALUATED Y =
i:‘§ 8 %3 R '§ ol
s8 2le8l Bled 88

8.1 Improving the present strip system = i.e., 1
— hetter procedures, hetter equipment e

8.2 Switching to a tabular display (TD) electronic

displaved strips (FDE's)

8.3 Use an interactive display (ID) with menus to
build messages (make updates)

8.4 Use an ID without menus to build messages
(make updates)

8.5 Use QAK with a preview display (like & CRD) |
' to build messages for the TD

;8.6 ¥se a touch-sensitive TD to build: messages

8.7 ¥se a trackballe-cursor to build messages
on the TD

8.8 ¥se a joystick-cursor to build messages on
the TD

[+ -]

.0 Wse & light pen to buildimessages on the TD —T

8.10 Use a touch-sensitive PVD to build messages
on the TD

‘8.11 Use & TD touch-sensitive perimeter and grid
| ~00 ild QAK |

8.12 Use a TD perimeter grid and input coor-
dinates to build messages via QAK |

%.13 Use an audible beep for all ID touches

5.14 Use an audible beep for auto posting
or updating

8.15 Operating perfectly - retain ID light break
touch method

8.16 Operating perfectly - use a wire touch
overlay system

B.17 Make flignt data displays movable - tile,
pull out, and rotate

5.18 Cive R-side PVD quick-look capability of
the TD

8.19 Tailor the ID for the R-side {(less info)

8 .20 Remove the ID from the R-~side

8.21 Position the ID vertically below the ID




CONTROLLER TD NO.

DATE

ETABS Evaluntion
Proj. No. 122-113-600
Questionnaire FORM K|

H-8. Based on your experience with and without ETABRS, what concepts or ideas involving

flight data handling show the best potential for development in ATC.

Please mark

the appropriate box with an “R" (for R-side) and “D" (for D-side) if necessary.

CONCEPTS TO BE EVALUATED

POTENTIAL FOR ATC 1S

Véry

Poor

o o
~i —t
o o
o +
L] o]
M -
MO M oo o
o] [=] w [TD
D |a] . 2
9 o [

Good

Very

Good

§.22 Use a color TD

8.23 Use a color IDw-”

8,24 Put field delimit lines (borders) around
FDE's (strips)

I8.75 El{minate the A-side through automating
flight data handling

B.26 Glve -overhead display of charts, maps,
and weather radar

8.27 Make charts, maps, weather radar available
\ for TD quick-look

8.28 Give quick-look capability for other sectors

8.29 Use large AID and ALT lettering

8.30 Give automatic indication of remotely made
updates - i.e., handoffs

8.31 Put automatic "R" on strips

8.32 Delete-"R" and let absence of KRR stand for R

8.33 ane'recordkeeping automatic

8.34 Give more room for strips on TD

8.35 Make FDE format exactly like strips

8.36 Give controller selection of displayed
FDE data fields

18.37 Give controller. ability to post fix sublist
on_TD

.38 Use a smaller striv size so more strips
can be displayed on the TD |

on the TD

§.39 Keep the FDE from moving around l—

8 .40 Keep the FDE from moving around L "—-'l
on the ID

{6.41 Give more area for note pad and GI messages

B.42 Delete seldom used strip marking symbols

8.43 Voice Entry






APPENDIX T

STATISTICAL DATA ANALYSIS TABLES

This appendix contains listings of the origimal controller ratings and results
of the statistical data analysis of the multi-item, seven-category, tabular
format question sets. For example, the general aspect question on page A4
of form A is a set containing 2] items. This set of questions was repeated in form
F and twice in form H, once from the point of view of evaluating the system "as
tested" and once from the point of view of the "sotential of the concept.” A
computer program was developed to efficiently analyze these data to compare the
results for the different forms and to printout easily interpretable results which
appear in this appendix.

This appendix is divided into gsections for presenting the results of the analysis
of the different multiple-item questions. The results are organized within each
gection as follows (see page I1-4): the first page of computer printout typically
contains a listing of the original comtroller ratings grouped by forms and aspects

within the forms. The 10 numbers per aspect are the original ratings from the 10
participants (controllers 1 through 10 are listed as the left-most through the
right-most colums, respectively). The second page (I-5) typically shows the

results for each of the questions ranked by the absolute values of their t scores.
The t scores were computed to determine the significance of the deviation of the
mean rating from the value of center scale (in this case, NOT CHANGE). The t
scores and signs are presented in the right-most column. Nonsignificant t scores
do not have + or -~ signs. To the left of the t scores are abbreviated versions of
the text of the questions. Immediately to the left of the text is the number of
the aspect as it appeared in the form. To the left of the decimal point is the
code for the form (A4, F3, HO, and HE). Finally, the left-most column shows
the rank number of the aspect, with 1 having the highest + or — € score.

Following the ranked listing of aspects, the sum and mean rank are printed.

Following this, the number of significant results above, below, and not different
from midscale are printed.

The next page presents the same information but in a different format. Each
of the aspects is listed under the form in which it was given. This permits a
comparison of the relative aspect rank and t score magnitude from form to form.
Finally, at the end of the printout by form, results of a Kruskal-Wallis analysis
of variance of ranks appears. Significance at or beyond alpha = 0.05 is indicated
by an asterisk following the value of H. A finding of significance indicates that
the mean ranks within each of the forms differed by wmore than would be expected by
chance variation alone. That is, some of the forms had more significant results in
them than others because the controllers responded differently to the different
administrat ions of the same questions.

The second part of the analysis for the data on the general aspects question

is the difference analysis. With four forms there are six possible differences:
form 1 versus (vs) form 2, 1 vs 3, 1 vs 4, 2 vs 3, 2 vs 4, and finally, form 3 vs
form 4. With the exception of the fact that these are rating differences, the

layout of the results is the same as discussed in the above paragraphs. One can
discriminate between ratings and differences by the presence of minus signs in the
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original rating difference tables.

The

analyses:

following multiple aspect questions

Analysis

No.

1

10

11

12

13

Question Name

General Aspects
Ease of Learning’
Simulation Realism
Problems vs Benefits
Human Factors

ID Aspects

TD1l Aspects

TD2 Aspects

CRT Display Aspects {Post
Training)

CRT Display Aspects (Wrap-Up)
CRT Display Aspects (R-Side)
CRT Display Aspects (D-Side)

ATC Improvement Concepts

The t scores

for the differences

indicated
whether the controllers answered the questions differently on the different forms.

are addressed 1in this appendix in

No. of

I1tems

21

11

13

12

12

12

12

12

12

13

13

43

Form Page No.

Page
No.~

A-4, F-3, H-3
B-5

D-2, F(D-2)

p-3, F(D-3), H-4

c-1, ¥-1, H-1
c-2, F-2, H-2
c-2, F-2, H-2

c-2, F-2, H-2

H-2R

H-2D

H-6 & 7, H-6 & 7

I-3

I-49

1-56
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ANALYSIS 1: RESULTS FOR TABULAR, MULTI-ITEM RATINGS

These items concern General Aspects

and involve comparisons between

expected and obtained changes

Data are presented on 21 items repeated in 4 forms:

1. Preliminary Survey, Form A , page & , " Prior expectations

called "a4 1 Expected Change" herein.

After experience with

2. Wrap-Up Survey, Form F , page 3 , "“ETABS in simulation
called "F3 1 Obtained Change" herein.
3. Follow Up Survey, Form H , page 3 , " Conceptualized

called "HE 2 Expected Change" herein.

4. Follow Up Survey, Form H , page _3 " As tested

called "HO 2 Obtained Change" herein.

The items were rated on the following scale: Compared to present NAS, when using

ETABS (the stated aspect will change/changed as indicated

7.

6.

(midscale) 4.

Greatly Increase

Moderately Increase

Slightly Increase

Not Change

Slightly Decrease

Moderately Decrease

Greatly Decrease

Positive and negative t scores indicate significant deviation from "Not Change" in
the directions of "Greatly Increase” and "Greatly Decrease,” respectively.
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ANALYSIS 1: DIFFERENCES

GENERAL ASPECTS



v

i

zmmﬁmammﬁ@ﬂmmMHmﬁammmm

Mt P P1d

Eﬂmmﬁ&#ﬁmﬁMﬁ#MMBM?mmmﬁ
i

g?Tﬁ@mmHTQMTmMQ#mm%¢m¢
1 I T T I B |
mmmamaﬂ@MﬁHHﬁHMGm&ﬂﬁUﬁ

aﬁ$gmmﬂmagﬂdmﬂmﬂmnmnmm
1 (!
f 1F0 o G4 0D 5 <f £ b o < (UL mﬂmnogﬁ?w

Bé#ﬂﬂd¢ﬂ$ééiﬂﬁ FRE S et 330
%T?mﬁ?????mwmmmmmmmmﬂm
ﬂM¢mmw¢mamﬂdm?m?TTﬂnmﬁ
3??H7®ﬂﬁTHTN?Td?SEHﬁQﬁ

[":l.- -~ o, pa e, m;«a@ﬂﬂlr":; Eial:ﬂjmtzl"‘l
IV Er e R e B s e K B BT
ToRAAERGEANGEERARREABRAREN

5 7 171 0 M P 7T 00 60 0 3 P 0 0 0D 70 9 3 €3
Sl L i L L L b

&1

g??ﬁ??ﬂ????ﬂ&ﬂﬂ?ﬁ?ﬂﬂmﬁ
Emmﬁmmemmmmdﬁﬁmwmwmmmm
gﬁﬂmmﬁﬂédﬂﬂmT?S?WﬁHﬁMG
T?ﬂﬂmﬂ?7$7ﬁdﬁm$ﬂﬂ?ﬂmwﬂ
ﬁ@&&?l}i(}}ﬂﬁﬂﬁl(}j&?&l?fﬂ@ﬂm["J'd'
E?Tﬁ&&&ﬂ?%?ﬁ&&ﬂqﬁﬁﬁﬁﬂﬂ
gTﬁH®GHMTST%TT@®®Qﬁ@$ﬂ
XK D G0 o < G000 00N
Hé.ﬁméémci,fhr&mée'méélm;ﬂ

WM?GmﬂmﬁdeddQQNQQﬂdﬁﬁ
I I I I

- A T L R e

e O e i E D 5
v CIF 1 e 0 k08 P 0000 Ot e b e o e et o oned ool g 4
§QBGBGGQBBQBGGGBGQBBGG
- ;ﬁ et et edededod edoded ed el ed it ed e d o ef o ed
LT TR TSN TV TV W T T 1R T T O T T T 1 G O T

1 e, oty oy s o, oy gy

B T S

I-8

W om om Wt

Q

meﬁﬂﬂﬁﬁmﬂmﬂﬂmﬂﬂHMT???
i |
mwm#mmmmmm#mm®¢mmmmmmm

%ﬁﬁ@?ﬂﬁTm@ﬂﬂﬁmﬁﬁﬂmG?ﬂT
Wmﬁﬂmﬂﬁﬂﬂ&HMﬁﬂmﬂﬁmﬂmﬂﬁ
émﬂéﬂiﬁﬂﬁﬂﬂﬂmmﬂmﬁgdmmﬁ
yaéﬂmgﬂﬂﬁuﬁﬂﬂmﬂﬁﬂﬂﬁﬁmﬁ
;HH A S G A G e G e @mﬂH
Ee:ﬁr“n-lw-l'rm@rmmrurrnr}ruruﬂ:—mmm
EWHéQmTQQMNHQNﬁHBEQTTT
E#ﬁmﬂﬂﬂmﬁﬂ#&mdmﬁﬁﬂﬁﬁmm

m-«»f;;ft.ljlﬁi:flrllaﬁﬂjﬂllﬁlrl
meﬁﬁﬁﬁﬁﬂﬂdﬂﬁmm
AREAEAHGEARGEAOGEH
-~ L T e T T B Y
B R o
IO TI TOR TOR T T T T T T W T 78

O

FGQQMHﬂHﬁQHHHm 5 G ed od ol et () oot
L1t 11
wﬂmaﬂmHaHHmTﬂﬂmHGH&HH&

%Qﬁmdmﬂmﬁ&&HTT&TTddﬂmd
MQMd&ﬁmmTTmTMmmmm&ﬂwmd
STTQQTTmaaﬁﬂaqumggeﬂﬂ
Fﬂﬁﬂmﬁdﬁﬂﬁﬁm&mdm& Gﬂﬁﬂ

M@Nﬁﬁﬁéﬂm mmﬂﬂﬁddﬁﬂmﬁﬁ

%ﬂmﬂﬂmﬁﬁﬂﬂﬁﬂﬂﬂﬂﬁdmmﬁmﬁ

worrir it L ]

wed e o 1 QA&HMHMNQHﬁ&&HEHGG
1

ﬂﬁ MHHNHmmmﬁﬂﬁmmﬁﬂmﬂmﬁ
N -1 1

R o 1 B P e L
HmﬂﬁMWPwmﬁﬁﬂﬁﬁﬂﬂAAAmm
TEAMGOIEGRARGHROEIROGRRADMBO
-~
(737 Co] 08 VL8 O TR K 98 04 b U T R O
TN T T TN TR T T TR T T T OV T T O T T T

F T N R O T T T



QﬁﬂﬂﬂﬁﬁﬂﬂﬂﬁmﬁﬁGH&H?TT
m&?dG&?QdSmﬁﬂT&ﬁ?&T&T

TRINED

Wi
ErqenyuainenoyeoomaY
ﬁﬁﬁﬁﬂﬂﬂﬁﬁﬂﬁﬁﬂdﬂﬂ&&mﬁﬁm

gﬂmmTT?mmmT??m&mmmmmnm
“agugrovRoundSoalRan-D |
aﬂﬂﬁﬁﬁmGHmeTTHT@&&GT&

4mﬂﬂmmnmmdﬁﬁﬁdﬂﬂﬁﬁﬂmm
{IBQGGBGGGOGGGGGOQGGBGB
y (0 (D L I L T L 0 L A i D WS IR 0 D 10
TR TI TN T OO TR TR T TN TOR TR T T T T T T TR T T

—aaBTnINED'

2 B

mm&&wﬁmmammmmdmmmmﬂqﬂ
mm&mmﬂmmemmmﬂmmﬂmﬁwe
ﬂﬁmHT?T?&?TTﬂﬁﬂﬁﬂﬂﬂﬁm
Hﬁﬂ&ﬂmﬁﬂﬁmmﬁﬁﬂdﬁﬂﬂ&ﬂ
ﬂ&mﬁmﬂﬁﬁ&S&Q&Q&&ﬂﬂHG
#?W???HQNMMEm@mEGGWﬁm
BQd& Qﬂﬁﬁﬁﬂﬁdﬂﬁmﬁﬂﬂ
mwmmmmmmm&mmmmmmmﬁﬁwm
ﬂmmﬂﬁﬁééﬁdmmﬁmmﬂﬂﬁmﬂ

%ﬂ&TWM?T?ﬁ?TH?Q&@#?W

34 =EXP%CTED

~4 -

_U_.- A ny g AR g, Aﬁma:aﬂﬁﬁéf*aaaﬁ
Ao Bhoscdd A d A= U
EGGGGGGGBDGBQQOOGGGGGG
T U0 EHICY U2 I AL 0D 10 30 00 e 0 1 D D 1010000 10
(TR T R TR VT T P T VI O T T 1 1R T T (Y



/]
o

DT A WL T 0 b o g O3 R OO O A S

m N B B N N A & ® w Kk 3N A & E N N N B W YW R I BN WK & ow s N oxoyoE oy

mmmmmmmmmmmmmHﬁHHﬁHHﬁHHHﬁﬁHHHﬂHHHﬁﬂHHHdﬁﬂﬂﬁ&

i
-+

b b CU D e Pe ot D CT O (0 (3 0 P 65 6 O 0 QU 00 05 (0 10 ) = e () A iDL 4 (DD T4 0

t oot o o CF LU DO QU QU A e A G T SN ETHD

HOHHEI LNaMI 9SH N
SHNOGEe3IY SAR J33d4dS
NIGH1S3A3 ALNOOKY
133443 SAS 17ddHN0
IJHDQD 4O-Y ANNQHY
HNIQYEoOD J-d 3IEH3
SIIHD INQLHEINT N
NI 4gl=oX0 ANDOWY
SNOde3aH €A A3JdS
QT LgHiISNbNd  LNDOKHY
Ha apIAWNEIW Gidd
NIGH1c3A3 ANNDHY
SHNOodS2d SAe Jd33dE
NOY LOBJdSIT Lgs dor
10T 14N0D g0dd
HNIQECQOD J~d JASH3
IgQHOOD Jd-4d ANNOKWHY
HNIJYOO0D Jd—-d ISH3
NI Jd LS, X8 ANMOKWY
403443 SAS ITEHNO
QIideisnds IsnaHy
N Ldg J-NON HYE0N
HNIQHOOD d-Y ISH3
NI 1dglsS- =M LNAQHY
SITIH INOJHLNI N
H31CAS NI JMDQ
SNOCES3IY SA2 433dE
NIGdisS3IAT ANNOHY
HOMYZ A04NI 95k N
d SNIJgUIYHeTI goud
J aNIJE3EHsI godd
SHO4S3Id S AS 43a3AAS
S10T14NDD S04d

Hda 2aMNIAIHSIH g04dd
d ANIJgH3IYESIWH Jodd
SAGTTIa 2345 N

NaH Y4 4 XTdHOO
SAHTIZ2ad O-H N
DNTIGNH 1LYa d HAd0OM
NH 18a Jd-NON _ Hdon
—HaHY2 1NdNI 9SH N
- S 10T I4N0OD 804Hd
-Idd48d ]l IANH Odddl

—=NH 1Hd dA-NON HYan

SLOI14NM00_ 80dd

"2-403433 SAE TTT”HYNO

TH44ddL TANH 3dd-d

2-3 aNIQU3IWsIH 804dd

"s

L]

173 0 (U o € QU )
AU U O

B L CIE Sl (e Ted uda Do U IR s

B AU D000

e T P 0o 000G 00 G 00 Q0T LT A

LRI A IR )

et (Y e (e T P LD

4 QTGN

T N e

Ot OO
Chied fed o e i g e

o % O
b b o o b b o WO DY 403 0 00 U0 A0 0 0 D D D W D

VIO MM A T 030 [

OO A Gl ]

To '@+ NOILOWISILYE dor
£8°2- NIPYLSIAT LNNDKWY
26"2- NOIlDHJSI 1dWg 8ol
a5 2-1aNH idd J XTTdH00
2S*Z+NI LHIS/XA INNOKHY
Za*2- ST1IHD INOSHINT N
IZ°2+103a443 SAS T1T1HHNQ
SA @+ NIGHLIe3IAZ INNOWHY
PSS Z-HOHYI 1INGNI H5eH N
L8 S1aX¥TIIN00 Odd
¥6 " T+Hq ONIAIHSIH godd
26" 2-HG ONIAINSIH_80dd
S@ T+ IGNH 41Hd o XT7dH0D
ST "e+T 440"l 1ONH OHGED
ST o-NH 1dd HS-NON_ HHON
=3 A Y SAHTIIg 2sH M
AT E-T1aGNH 1Hd d XTddhod
ST+ NOILSHAdSI LYs d0or
% C+NI LHISAXKH LNNOHY
"+ NOILOHIASTILHE 300
e SAHT3g DS N
—OTAgEisSnNydd INGOKY
N - SAHTIEd DCH N
~QT Y- ASNdd ANDOHYE
+aNTIaNH 1dad A HHan
+HOHYT NdNI 9SH N
—gg aNIAIWSIW 830dd
—aNTIONH 1Hd A4 HHOR
~-HouM3I LNGNI 9SH N
+-ONTTAONH LB = HYOn
et HILSAS NI _ ANQD
2" ++ 103443 SAS IIHHEHND
A*S+103dd43 SAS ITIHHNQ
T*'S+I4488 L TTANH 3Bd4UWD
sS+Iddddl TIONH DBd4Y
* HILEAS NI ANQD
*S-ANTIgNH 1Hd A HHON
+0I4gdlsndd LNNaOKE
-0IigdLiEndd ANNoWY
AN 1Hd o XTdHOQ

HI1SAS NI «4ANQD

HILISAS NI IHOD

mnne

1 o GO0 0 g O
0N o AN L0 5 < <
o < U0

l

sPoe 01 0 < (U

e GINH S et
if} » v =

w00
44+

{108 Q4 d04ir H07 H
HONS SaHOOS L HIZIHL A8 d3IMNUH
JHY SHHO- JONdIQ_8 NI SHILI T
WONa S30RY40 92T

LErE -

o

of P
T 0 e [0 T YR e Y

o = LY G300 e AU Cof A A £

s % & B B W o4 N % N 4 4 N hoH NH oA

0w
o O Aot o s kb ot ek QU DR 0

1]

«t
i L L Lo L o e T R T TN R

tnoyin oy

Feebed G R T CH CUD 0 0 0 iy 3 L0

(oo A D3 ) ot oo CY DA A U 7D

A 5 45 o 16 10 P (0 TS T 170 o ST 0
1-10

)
s

e D6 UG- T st el e et ed el el e



*AIYISIIH HWOHA
1 AN3IY3IISTIA LON T2 aNd
@ ‘IAn08sg @ 2yd s1Tme3d
IshE3IH 9ETI=WNS  SMMNEY

2300
ADE

o
e

11}
a
)

1

£
H3ILSAS NI ANOD BL7ET 1
NH 1dg J-NON AHAJON LR
OMEI 4038d00 ASYHI TT ST
NIFYLIS3IAZ ANNOHY S*cT
d aNIQ-HI"YSINW g0dd S"ET
UNIGHODD g-Y 3JSHA a2 &1
S10T3-4M00 G0dd
NOT 1DH4ST ids gor
Ha DNIADQNSIH 80dd
ANGNT 98K+ JQAJdE
SABTI3A OH N
TH4HdgHEE 1ANH Og4dda
IQHond d-d LNN0OWHY
JaANH 18d d XTidHO2
S7171d3 INOJYINI N
HOoME3 LndNI 98H N
SHOdE3d £4A% Jd33dE
NI 1diS/xr AMNOWHd
QI Audicnydd LNNQKWY
103443 =42 T1TTiHAND
ANTIGNH  1Ed A4 YEan
AFALDIIXNIZ-AILIFIAX3T ET

"IHISATIH__ HO
(S@°'=rdir ANSHIHLSTIA _LON_ +T O
A0TEE £ C3ING8HB P 3dy S.17INs
ARCTES=NHIH LPET=WNS_ - 2N

P~
e
€3 A (10T 00 15

U GOO0SACHGEIERGNE
I CEO I CINNanNENNN
Teledredeiei it el el efet i v
w3 R et el et f of et e el o1 (U

~ii<d G0 Moy
ey AN e AN A A D 0

EGHID NG OO OBCr 1
AEICIO U000 ) €S (0l O (Y &4

14
i
b etUms o

va

8]
7]
m

)
m
Ec]
e

+ NOI LOYWISIJAdWS dJOor
+ I dduH ] TIANH JHdBI

N

-

gy
a 1NdNI SSH _d33dES 231 1T
ST '@ OHMMI 1034H0D 3JsH3 TI 2T @2
o9 S1e3S INOAHINI N 9T '2T 57
IT6°@ IJHUOoNd d-4 ALNNOWW E£T°*'CE &1
SE°T NIGNSHLISIAI ANNOWHYE ST 47T
S+ 1 gNIJHo0O g-d 3543 =22 =3
+S°T NI 1disS- X 1LNNOHY $#T'2T ST
g5 T NH 1Hg S-NON HYHOoM $*ZT FL
QAz@" T 4 SNIGHIASSIH g0dd &*21 L
BA"2 SHNOdGS3Y SAE d=3dS 22T T
Late 212I1d4N0D J08d T2 T
S5@"'2 "gg ANIASMSIW g0dd 2'ZT @
6T "2 TIGNH 144G 4 XT3dW0Oo g-21
P SAH130 O9/Y N 2T 21
22 °2-dodda iNdNI 9SH N z
158
ST°E
2SS C-0TiHdLISNgd INNOHE ST'ET
99 v+ HOLSAS NI ANCD BLET
Co- - ++4i03443 SAS 1HHN0 IS TT
ZS"S—-9ONTIONH 1dd_d HHOn T°CT

w
Lo
0
Ly
At () U0 P 0 e

AINISLIT0T-d31L03dX3IT 2T HEQ

~d

2
O~
.1

HONHSLSSARNESNDONMIODSOONWONHUG MO
C D (G G000 NP D00 OO WA A
HUSNEOEGANSARMACHEGROREENOSOROROGES

R

*IMHOSITH HOV
@ "=>d) AMNIYILITT_ LON
3g 82 ‘INCEY SE Jdd SLiTNGSE
S oo=NgIH TAAI=HNS

ANdNI 95H d33dS
HILSAS NI SNO2
Ody3a LO3ddon ISyl
NH 1Hg Jd-NON HEON
Quy3 1034YyH0o0 3sdH3
IQH0D0 g-d ANNDHY
HIMH1S3 AT ANNDHY
OyEHa 1038H0D _IJgdH3
AINISNI 9SS+ Jd33dS

d SNIJGIHSIW godd
dNIAQHOoOn] J-—-d =HSdH3
dNIQHDOOD d-d 3ISH3
SLOIN4NDD _ 804Hd
NOT 12H-HgSY tHs  gonh
SNOJE3IHY SAS 433dS
HAQ SNIAINSIHW 80dd
ANdNI 92+ d433dS
cAdTIaa o2 N
SNTIGNH 183 d ME0n
Idagdl 1GNH JgdBo
GHY3I LO3ddod 3sy3
SIIH3 INOJHINT N
NH LA Jd-NON HEHON
ANdNI H&H d33dS
Oy L23440D ASHI
HNJNI S8+ g33d4dS
ITAdO0Do g-d" ANNOKY
ANdNTI 9SH Q433ds

g aNIAQUHIHSIW 304dd
SIIHD INOLSHINI N
ITJHOOD Jg-d ANNOHY
AN dbgd 4 XOdHOD

DNT "SI ANNDHE

3" INOQIYINT N
ogy=2 12354H0D 3sH3
IgYO0D aG-d ANNOKY

Nt el et

M N R A R W oM oU K WA R WML oUW NS don & Rs

o 0 0

]

1-11

wedn 0

-
5 b (8 0 < DG I 00 O S DU 0k 000 D D0 G0 e U 00 o UMD

E e et ali bk Dl At T B B Rt b R R Ey Eu O RO T BN I e

AT C A 0 e 1) o £ ved d o O ot oo et 01 od U et ot G ot o U e e
O OB L E0 T 0 T 06 ot b et bl ot v b ot med bl e e oo il e o o o oo e e o

0

A B 8 R M OB KN N W WA

O < £ (71 300 o o b b o ot x Clad g €308 4 (R 000 LU0 o DTS LT 034U

et (Y e A TY Y10

i

L Ll e Ll D I e T R R e R e R L TR L AR e TR (T T

m=iD4 o



o

R TP I R T T I S IR R T Rk ) g
sl Nl i A G DD U el 10

u'j:-tht--n:---uqlh-u-

COYDENLA=IT O8NG

"4 8§ ‘8= IHD

SETENL "S¥=H NONE SI TP~ TTHMSNIMH,

"IATHDISATI N HOWA
{S@ =gy INIHIJLTQ LON S ONG -

0138 TT O IN0EM S INHY S LTINSSd
STSLPR'SC=MNUAN /d22=HNEZ
@ O"dyYI 103dH03 _JIsY3 T

IJqEo0d a—-d LHNOWHY
HHNIJHO0D0 a-d JSU3
SHO4S3H SAS d3=dSs
~g ONIJU3IYESIHW gQdd
NIQHLIEIAS 1NNOHH
HY AGISS XM LNNDHY
SHITIHD SNOAYANT N
Z+ 133443 SAS TIEHN0
SADTINANGD F0dd
~MH 1HJ HS-NOMN HHON
+ NOILDEAET LWE gon

2487139 D4d N
—HO NI AIMNEINW g04Hd
-9 TAHH AWd d HAOn
—HOHHI 4ANdNI 9SKH N
+Id4d0HL IOHNH DdddD
-QI AENESTIES ANODHY
~TIaNH 18d 4 XT1dHoD 2" Pe
+ HE1ISAS NI JNQD 8T " FR
QAINISHLTOS- I L0FIAKIZ +L HHOd

. *3THOISATH_ WOES
{S@=>d) ANIYIASITA L1ON ST AN
foa38 2 SIn08d T 384 Sinsad
ZOLPRE T E@RSNEIH TPLISHAS SMNBd
QT '@ IQHOOD 4G-d INNOWH £I'bE
SE8*@ BMIAYNOOD G-H JoHl B2
BE @ SHOSSIN SAS d3aTAS L TPE
&€ '@ ONTANH 180 4 MHDR T PE
89 @ MH 1Ha J-NON MHON PP
OYBT 1o3J-H0D 3JSHA TT P
INGNT 9SH a33ds 9 ¥

g DNIQHIESIW godd E°+2
ST HD 3INOSYINT N 9T ' +E
NIGH1S3A3 INNOWH S +&
133333 SAS 1HEN0 TE' P2
H3 SNIASMNCSIW 90da 87 +8
NOT 1DHA4SI MG Qor & F2
S12TI14NDD QO8Hd LI +E

DI LHH1SMNHS INNOHE ST +2
NI 1H1S/XA LINNOWE +1°+#2
H3ILSAS NI HMOD BI°¥2
MOMMI 1INdNI 98H N @I +3
0+ T 4080 JANH J8dyd 21 %2
-aMH 1HA o XdH0D 2 P8
SAH13a O N 21 P2

i3]
i
Z\
rul
w

Gl

i w oM U MoHH

oy bl i =

P vl
WEH TGN Y aiutaly

et QU 3 o W1 A0 P 05 0T el bt et e et e el el RO

(g

Nyt dud v gy
YTl s I TR Lo be U T I T I IO R T Jg I

I T R R ]

N
; ﬁﬂﬁmdﬂw&ﬁmﬁﬁlﬂmﬁmﬁtﬂﬁ

Hmmm&%%ﬁﬂﬂf
n
e

S O 0 P 3 N B ed

'I'lmt’.i'd-h'nj‘,ll"\-l)f)ﬂ‘lﬁﬂﬁﬁvi!‘“!He-lﬂﬂmm

N B N & % 4 8 B BN

mfﬂﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁgfs}ﬂ

AN NONNd< G OO~

ASNIBLS02-3aNIULIEant & ZKQ&.

vieih OGNS UNSONCGNOND
QNG M0 G OGONAON0

TIAHISITN WO

(S@°=>d! INIFHIASIT_JON BT dNU
noag_ F fINA8KY 4 3JHG SLTINEIY
TeLEsSst *2S=MU3aH ZTITIT=HN PEYhdY

ogyd3 12334402 3IsuEd TT
ANdNI 9€H d33de 98¢
NI 1d1S/ XM ANJOHY -
CHOdS3IY SAS J33d%
IQeE0og d-4 ANNDHY
HNIQHOOD Jd-4d I5Y3
ST7HD INOAHINT N
g SNIJQHIHSIW g0dd
244139 5qsHd N

NH 183 d-HNON_ HHOO
Id=-E L TIINH OdgdHDd
SL0I 1=iNDD_80dd
—-103d443 SAS T1TWdHN0
wm.ml NOTI 1JH4EY 18S  gar
SLte+ NIFELIS3IAZ LNNOHY
FE*E+Hg ONIAIHSIH_gG0dd
SR S+ TAaNH 1Hd A XdHO2
ﬂm.ﬁ+w2JQZI ded d HHOA
*SHHOHNET 1NdNI asiH N
%ﬁuml H3ILEAS NI JNOD
S °S+oIigHisnNdd INNOoHE
4IALDISAXIS-TIANIGLE0T

" AYI=a

(SR =rd) INIHILATA LON
#0138 8 ‘3AN0EY 5 FJHY S
SE=MEIN STFE=HNS
ANdNI S5+ 43348 =8¢
IQHDOD {d-H UINNOKHY BT '+
OHH83 L034H0D 3ISH3 TT ' PE
STIIHD INQHHINI N 9T 11
HNIJYNO0S Qa-dW ISl a2 F1
SsMOdE3Id SAS g33AS
NIGH1Ie3A3 LtMNOKHY
Q oNIJAQHIESIW fodHd
S10ITT«NDOD g0dd
~NH 1HJd J-NON _ MUHON
-YOdHT LNEHNI 28H M
=g ONIADNSIH GodHd
~TaMH A8a 4 X1dHoD
+ NOILOYASIAHS gor
+NT IHISAXM LNOOHY
DHFE&FFJ&& 1A MNO0HY
SAHT3IG 37" N
GZJQZI 189g 4 HMHON
+ 103443 S8AS 1RdN0
+T 43091l 1ONH_ Dddda
+ HILSAS NI HNOD
JANYH130S8-a3.1033dX3aT PT HEO

7t

A b gl feisa o]

< Cy (et P 1) DY OO (U

4 B B B & ¥ & & ¥ =& ¥
s

m§$mmmﬁﬂﬂﬂmaa

G O b O T P R e
fited et oo d el et od edad et £

<
ﬁ
- -0

.
!

Womt DUy L P

nme
SOOI C S G e I 00

3500 0 0 0 10 g O £ 0 0 0 U €40 0 00 O £ G S0 U Y

&
o

[ w » & % = @ n w % v » 48« s 3 s

.F =
z

eI

L) A
Znac

5 d O D R ADE D O CT S ot TR ST Y

b T - 05 L0 e o o o e ool bt d 0 6T £ 60 EL L

1

& ™~
00t = e SIS T

< gy
e edord e ed d

U
g
Lalaly)

N R 8 A 8 & & N A ®F 8 N F S F AR FA

meﬁﬂﬂﬂﬂﬂmmmmﬁﬁﬂﬂdaﬁﬂ

mnd Ol
rdmrd (e el e e
<tk g
dedeirieid

L ATT)

I-12



ANALYSIS 2: RESULTS FOR TABULAKR, MULTI~ITEM RATINGS

These items concern Ease of Learning

Data are presented on 11 items in 1 form:

1. Daily Training Survey, Form B , page 5 , called

"BS Ease of Learning " herein.

The items were rated on the following scale: Evaluate the ease or difficulty you

experienced today in learning or using the specific ETABS or simulation aspect

7. Very Easy

6. Easy

5. Moderately Easy

(midscale) 4. Moderate

3. Moderately Hard

2. Hard

1. Very Hard

Positive and negative t scores indicate significant deviation from "Moderate" in
the directjons of "Very Easy" and "Very Rard," respectively. Since there is only
one set of: questions, no difference analysis was possible.
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ANALYSIS 3: RESULTS FOR TABULAR, MULTI-ITEM RATINGS

These items concern realism of the operational simulation of the ETABS

and involve comparisons between _mid- and post-experiment opinions .

Data are presented on 8 items repeated in 2 forms:

1. Post Familiarization Survey, Form D , page 2 , " Mid-experiment "
called "D1 1SIM Realism " herein.
Post—experiment
2. Post Familiarization Survey, Form D , page _2 , "(wrap-up) administration"
called D2 2SIM Realism " herein.

The items were rated on the following scale: _For the stated ATC simulation aspect,

realism was

7. Very High
6. High
5. Moderately High

_(midscale) 4,

Moderate

3. Moderately Low
2. Low
1. Very Low

Positive and negative t scores indicate significant deviation from "Moderate' in
the directions of "Very High" and "Very Low," respectively.
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