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.14. II •a..•al3’ ~~4 ldsotS ~~ by bI.ca ai~~b.r)

is the final technica l report on a five-phase program to devel op a
Data Management System and a Student Management System.—1~his report reviewsthe program objectives , program plans , products deve lopeØ’~ and summarizessubject-areas for significant findings or developments. ~ These I*tt~~ findings
pertain to the naval air training system features that impact on the enhancement
of individualized student pilot training treatment and on student training
success pred i ction capabilities and options . —h,
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2~~ (continued)
V’4 •

~~~The Data Management System (DMS) was designed and imp l emented on to a I
Nova 800 minicomputer to demonstrate the feasibility of operation . This
DMS is a user-oriented online system which permits non-programmer or non-
computer type personnel to create data base files , update these files ,
search single or multiple files , and to secure hard copy printouts of search
results. A unique feature is provided wh i ch permits users to execute cer-
tain descriptive and analytic statistics on records l ocated by the search .~Users are assisted in operation of the DMS by a wide array of man-compute
dialog. This dialog is in non-technica l conversational language . S
is capable of being imp l emented and operated in military
or governn~flt.J.n.s4e4-i..t-h,ns vfl~ëiTTFj~~nee exists for turnkey type infor-
matje n management sys tems .

cThe Student Management System consists of a description and specification
of the concept, products and records requi red to enhance an individualized
student nava l pilot training treatment program.’~1~his system uses exis t ing
data available within the current student records/and training syllabus
on which to base the individualized treatment. Jhe heart of the system is
the use of products wh i ch more quantitatively re~~~~t a student ’s proficiency
status -- weak , strong, and average performance arë~~~ These student pro-
files form the quantitat i ve bases from which administrative training
personnel can select individualized treatment options.

References to past reports are made to guide the e er to those wh i ch
treat the above top i cs in more detail.
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SECTIO N I

I NTRO DUCT ION

This report is the fina l technica l report of a five-phase development
program. Phase I began on May 16 , 1972, and Phase V was completed on
November 15, 1976.

The program objectives were to develop a Data Management System (DMS) ,
and a Student Management System (SMS) . The development program began under
Advanced Development Objective 43-3, Human Factors Technology, and was shif ted
to Technica l Development Plan 43-O3x , Education and Training . The initial
development agent was the Nava l Air Systems Command; it was later transferred
to the Navy Personne l Research and Development Center. Throughout the tota l
development program, the contracting agent was the Personnel and Training
Research Programs, Psychology Division , Office of Nava l Research. The
development effort was performed on-s i te at the Nava l Aerospace Medica l
Research Laboratory, Pensacola , Flor ida. The on-site techn ica l monitors
were CDR T. Gallagher , LCDR N. Lane and LCDR R. Doll.

The program was executed by Rowland & Company, Inc., Haddonfield , New
Jersey. Dr. George Rowland served as the principa l i nvestigator . Mr. Edward
Marlowe served as the project director throughout the development period .
Mr. Carlos Escobar served as the computer system ana l yst and was responsible
for the design and implementation of the DIIS. Various other Rowland &
Company personnel provided va luable support to the results achieved .
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SECTION II

PROGRAM OBJECTIVES

The objectives of this development program were twofold: the first was
the development/demonstration of a prototype Data Management System that
could operate on a m inicomputer; the second was the deve l opment of a speci-
fication for a Student Management System .

The Data Management System was to prov i de for a high degree of automation
associated wi th the data entry, storage, retrie val and analysis of large
vo l umes of data for student nava l aviator and student naval flight officers.
This system wou ld overcome many of the limitations of the current manue l and
batch-oriented data processing system . The DMS would be used to handle
student selection test scores, academ ic and f l i ght train ing performance data
and other experimentally derived test data on student aptitude capabilities.

Such a system would benefit the Aerospace Med i cal Research Laboratory ,
which has a support role to the Bureau of Medicine and Surgery, in develop-
ment of selection tests and criteria used for screening cand i dates who apply
for training . The Laboratory also has a support role to the Chief of Nava l
Ai r Training . This second role is to provide predictions on students who
are having difficul ty in the train i ng prog rams. These pred ictions prov i de
a quantitative score which is an estimate of the student ’s chances of com-
pleting the total training program successfully. The DMS would provide
support to the continued research associated with these predictions and with
i ts continued daily operation .

The Student Management System is intended to prov i de the concepts , pro-
cedures and information by which students could be given greater individua l-
i zed training treatments. To individualize training treatments , it is first

• necessary to differentiate between students. The student Management System
concentrated on those differences that existed in the flight performance

F domain. A knowledge of the strong , med ium and weak f l ig ht maneuvers of
students at all positions in the total f l ight syl labus was to be the major
emphasis. Flight Instructors and Training Officers would use this knowledge
to adjust the student ’s training flight hop content or their instructiona l
techni ques to improve the weak areas and to spend less time on the
students ’ strong maneuvers.

Concurrent with the scheduled deve lopment of the DMS and SMS was the
planned development of the Nava l Aviation Training Information System (NAIlS) .
T~~ modules wi thin the planned NATIS were the Database Module and the
individualized Pilo t Training Subsystem. The DMS was considered to be a
viable option by which NAIlS could fulfill the Database Module in the distri-
bu tion network of NATIS. The SMS would fulfill many of the planned requ i re-
ments of the Individualized Pilot Training Subsystem of NATIS (9, 10).

2-1
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SECT ION I II

THE DEVEL OPMENT PLAN

The development concept and task plan are presented in three successive
fi gures.

The development concept is presented in Figure 3.1. At the top of the
i l lus trat ion is depicted six process elements in the selection and training
of student nava l aviators . Informa tion on the students is available from
each of these six elements. The plan ca lled for the successive entry and
analysis of information from the first five of these into an Experimenta l
Data Bank. Computer analyses of these student data was intended to prov i de
an empirical basis for the development of the planned Student Management
System and for the organization of the data files wh i ch were to be hand led
by the planned Data Management System . Many of the find i ngs which are re-
la ted to the Nava l Pilot Training Systern were based on these empirical data
and the information they yielded when subjected to computer analysis.

The task structure of the development program is illustrated i n  Figure
3.2. Three major tasks were defined and pursued as the means by wh ich the
development program objectives could be reached . The first two tasks
parallel the two products to be developed. The third task covers all
effort related to the operation of the Experimental Data Bank and other
supporting tasks.

An expansion of each of these three task areas, together with a time-
phased schedule for five phases , is illustrated in Figure 3.3. An exam i na-
tion of the tasks under each of the five phases will revea l the successive
development of the two products and of the execution of supporting tasks
which impact on the planned capabilities of the Student Management Sys tem
and the Data Management System database file system and content. No attempt
wi l l  be made to discuss each of the entries in detail since the i dea of
presenting this figure was to depict the existence of a comprehensive plan
wh i ch supported the development program .

3—1
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SECT ION IV

DATA MANAGEMENT SYSTEM

INTRODUCT ION

The p lan for th i s p roduc t call ed for the s uccessive executi on of a se rie s
of steps in a planned deve l opment program.

An exam inat i on of the task and phase summary for the Data Management
System in Figure 3.3 will reveal a progression from the formulation of the
initial DMS design concept through several design steps and the fina l
imp l ementation and demonstration of its operation . The demonstrations
were completed as per the phase schedule. The discussion below will rev i ew
the progress and accomplishments made during each of these five phases.

PHASE I - Opera ti ona l Concept

What kind of a system would prov i de the research-oriented personne l of
the Psychology Department with a capability to rapidly access the large
volume of student records maintained in its current and future student data
banks? Wha t kind of turn—around time did these personnel need in order to
perform t imely s tudent se lection research and to upda te the S tudent Success
Prediction System? What kind of new data elements might this system store
and make accessible in order to improve upon the selection of student can-
didates and upon the training success prediction of student nava l aviators
and of student naval fl ight off icers? Wha t k i nd of prob l ems were present
in the Current system for handling the large volumes of student selection

• and training performance data? These were some of the concerns in the
initial study phase. Also , how can this data handling system help the Chief
of Nava l Air Training to improve upon its management of students as they
progress through their lengthy period of training?

The desig n conce pt wh i ch emerged was infl uenced by seve ral technolog ica l
and politica l factors that were present. The politica l factors were: (1)
the system had to be able to handle not only the student data for the
Psychology De par tment , but the system per se had to have some benefit to
the Chief of Nava l Air Training ; (2) the system could not be placed on the
current UNIVAC 418 computer because it was not programed in a high l evel
language and also the computer was an early generation computer; (3) the
Psychology Department was in the process of obtaining minicomputers for
their laboratory and these had to be considered; (4) there was interest on
the part of the Navy Personnel Research and Training Laboratory that the
fina l system have as much transportability to other Navy facilities as
practica l in order to maximiz e the benefit not only to the Psychology De-
partment, but also to the Navy per se.

The technica l factors saw the emergence of the minicomputer as a l ow-cost
resource which used high l eve l language (primaril y FORTRAN) . There was a
deve lopment to make these minicom puters serve users more direc tly than large
batch-or i ented computers. Thus , user-oriented systems were emerging and
these brought the full resources of the computers directly to the customer
wi thout hav i ng to dea l w it h a cadre of da ta process i ng perso nnel in order to

4-1
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‘ get things done. ’ These systems were sometimes called ‘ turn-key ’ because
they could be placed into operation through very simpi e procedures . What was
l acking with these minicomputers was the software programs needed to support
the capability to handle the large vo l umes of studen t data wh i ch the Psychology
Department needed to store , access and manipulate in complex comb i nations.

The design concept adopted was to implement a user-oriented system onto
the minicomputers being secured by the Psychology Department. This user-
oriented system would contain all of the software programs necessary to:
(1) make the system usable by ded i cated and casua l users; (2) be able to
handle the data manipulations required , but to achie ve as high a degree of
automation as practical so as to reduce the dependency upon prog rammer per-
sonnel .  To keep the sof twar e from bei ng outda ted , it was decided to make it
generalized ; i.e., handle data manipulation needed to store records , to up-
date these records frequently, and to make searches of the records so as to
answer any type of operationa l or ad hoc questions of its contents. Such a
system had to be i ndependent of the specific app lications; i.e., able to be
used in a var ie ty  of operational sett ings and serve the needs of users in each
se t t i ng .  The operational concept wh i ch emerged is depicted in Figure 4.1.

The system depicted shows user personnel interacting directly with the
system v ia  a term inal display. The software system , termed a Data Manage-
ment System , provides all of the computer programs necessary to support six
types of user transactions. All of these six transactions are norma l to the
use of computer resources for the systematic entry and effective storage of
data files with their frequent update to keep the contents Current , and a
search of the contents to retrieve records or to secure answers to informa-
tion queries of the fi~ e contents. All of these transactions are executed
with the aid of t” ~rian-computer interact i ve engl ish language dialog . The
dialog consists of instructions which guide the user into mak i ng desired
keyboard entries necessary to the reliable completion of the transactions.
A complete descript i on of the Data Management System appears in references
(6) and (8) .

PHASE II — OHS Requirements Specifications

The design of the DMS provided for three subsystems. These are: (1)
data entry subsystem ; (2) data base subsystem ; and (3) query/retrieva l sub-
system . The development of subsystem requ i rements specifications , the com-

• puter programs to meet these specifications , and the mechaniza t ion of these
computer programs onto the NOVA 800 minicomputer were planned and followed
for each of the three subsystems . During Phase II , the requ i rements were
completed for the Data Entry Subsystem together with some of the programming
specifications. No implementation onto the NOVA computer was made due to a

- ‘ delay in its actual arriva l in the Psychology Department ’s Laboratory.

PHASE III - Continu ed System Specification and Initial Implementation

The objec t ives dur in g this phase were to conti nue wi th the wr iting of the
specificat ions Of the Data Entry Subsystem and the initiation of the specifi-

— cations for the Data Base Subsystem . To support the design of this latter -

subsystem a survey of existing generalized data base sys tems was conducted
to gain an overview of their capability and design features. This review
eventuall y led to the adoption of the relational data base design for this
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Information Systems

• Hospital . Library
• Trainin~j . Corporations

• Schools . Organizations
. Real Estate . Etc.

• Each information system area
will requir. data item content
be placed into th. database

USERS ~~~~~ that I, specific to its needs.

/ i~ 
-

Programm.rs needed to write
programs to support appli-
cations below

Data Management Systems

• Cre ite database
• O~ Iate database
• Search database
• I3jw~d generation
- Contro l access to database

- Application Programs

. Callabl, by DMS.

. Special data manipulation
routines needed to support
specific Information Syst.mi.

‘I __________________________ _________________________________________________

Computer Operating
System -

— Database . single source of all
data needed for inform ation
system

FIgure 4.1. Data Management System used to Support Information Systems
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subsystem . The relational des i gn is a relatively new deve l opment in terms
of the number which have been imp l emented. Because of its simp le des ign, the
relational concept is being hail ed as a breakthrough. It eliminates unwieldy
programming which has increased the sheer overhead size of database soft-
ware packages. The relational design concept is described in detail in
reference (14).

PHASE IV - Implementation and Continued Deve l opment

Although ini tial programing on the Data Entry Subs ys tem began in Phase
I l l  it was completed during this phase. Its operation was tested and demon-
strated to the customer.

Imp lementation of the Data Management System onto the NOVA 80o mini-
computer was intended to demonstrate feasibility of the design concept. To
prov i de the customer with an operationa l system , an effor t was begun to
place it on a UN I VAC 1108 computer. This latter computer was scheduled to
prov i de the future ADP support for the Psychology Department. Implementation
onto the UN I VAC 1108 was begun with the Data Entry Subsystem . Imp l ementation
of the Data Base Subsystem was begun and about one-third completed during
this phase.

PHASE V - Completion and Demonstration

Th is phase saw the completion of the Data Base Subsystem and the Query/
Retrieval subsys tem onto the NOVA 800 minicomputer. Effort on the UN I VAC
11 08 was discontinued because of the questionable status that the UN I VAC
1108 system has to serve as the ADP operationa l system.

Detailed descriptions of the progress made during each of these f ive
phases are contained in the respective phase reports (I , Il , III , IV , v).
References to quarter ly reports for each of these are contained in each
phase report.

• 1

Three documents were prepared for the customer to support the use of the
NOVA 800 based Data Management System. These consisted of: (1) a Users
Manual , (2) a Data Base Adm inistrator ’s Manua l, and (3) a Design Manual.
These are covered in references 6 , 7 and 8 respectively.

SYSTEM TRANSPORTABILITY

-
- One of the criteria for the development of the Data Management System was

that It have a high degree of transportability. This was ach i eved by having
the software package programed in a high-le ve l language FORTRAN IV . Approx-

• imately 97% of the programs are so programmed; the other 3% are in assembly
language .

Use on other computers is influenced by the bit-configuration and the
operating system ’ s features . The NOVA 800 is a 16-bit computer , which is
fairl y standard for other minicomputers. The Data Management System would

- • 
operate as Is on Data General’s line of computers Includ i ng the ECLIPSE. It
would also operate as is on the Dig ital Control Corporation ’s 0-116 computer.
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STEPS TO ACCESS DMS AND TO SIGN.ON

• • To Access DMSEnter letters UMS via terminal keyboard
And to SIGN-ON

DATA MANAGEMENT SYSTEM IS READY FOR SIGN N ~ R.~ onds

)

ENT ER YOUR USER NUMBER: (number is placed here )

(-afl~~~~~~~~.ntri.s e de at the point designated ( 
- 5~ f l SIGN-ON

by the cursor - for this and all other keyboard entries. )

ENTER YOUR PASSWORD: (password is placed here) 
~~~~~~~~~~~~~~~~~~~

(Name of person ) SIGN ED-ON AT (t im. and date) 
_______________

- 
k SELECT AND ENTER TRANSACTION FROM THOSE LISTED 1 DMS Responds

BELOW: ( if number and pass. )
‘t word are valid.

FILE MAINTE NANCE WORK FILE REPOR T \~CR EATE DATABASE USER CONTROL
UPDATE DATABASE UTILITIES
SEARCH DATABASE BATCH UPDATE

ENTER THE TRANSACTION YOU WISH TO PERFORM: (name
Enter desired

of transaction is placed here)
transection

Figure 4.2. Sample Man-Computer Dialog
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Conversion to other minicomputers would require about four to six man-
months. An effort Is in progress to make such a conversion to the Digital
Equipment Corporation ’s POP 11/70 minicom puter.

SYSTEM USAGE IN OTHER APPLICAT I ONS

F igure 4.1 illustrates the design and operationa l concept of the Data
Management System. The design incorporates man-computer dialog by which
users are aided and directed in their efforts to execute the data manipula-
tion transactions prov ided . This type of design has been described as user
or ien ted  - in contrast to programer-oriented . A user may be any person in
the organization who has a need to access the information stored in the
dat abase f i les .  Sample man-computer dialog is shown in Figure 4.2. This
d ialog covers the procedures and steps by wh ich a user SIGNS-ON and selects
a desired information transaction type .

Ini t ia lly, the OMS is an empty system . The user puts into it the type
of data that is required to support the organ iza t ion ’s da ta storage and
retrieva l information needs. The type of informa ti on w i l l  vary with the
type of organ ization as well as functions it performs . W ith in the Chief
of Nava l Air Training (CNATRA) complex , the DMS has a potent i al to serve i n
many situations. This was recognized in the formulation of the Nava l Air
Train ing Command Management Information System (NATIS) . The use of mini-
computers was projected for each Training Squadron as well as for head-
quarters use (10). This recognition lead CNATRA to endorse the continued
development of the Data Management System (9) .

The DMS can be used to computerize the files of the Student Management
System. It will be recalled that a second major product of this development
plan was this latter system. Its features and potential are described in
another section of this report.

The need for and role of Management Informa t ion System i n Ins t ruc ti onal
Systems Development is described in reference 15. Based on our understanding
of th i s need , the Data Managemen t System would be ideally suited for such a
role. Those personnel who are responsible for this area should examine the
potential of the Data Management System to fulfill this role. Not only does
i t provide the capac i ty to store and organize all of the relevant data types
associa ted w it h such sys tem development and opera ti on , it also provides the
means by wh ich al~ of these data can be interrela ted fo r their in forma t ion
val ue. Since one of the prime reasons cited for using an Information Manage-
ment System is to provide quantitative information , the Da ta Management
System has the unique feature that this quantitat i ve data can be subjected
to statistica l analyses with th the Data Management System proper.

CAPABILITIES AND FEATURES OF THE DM5

What can the DMS provide to an interested user? Wha t are some of its
desi gn features that make it of particula r use to a wide range of organ i za-
tions and their personnel? Altho ugh it has many fea tures , the most sig-
nifican t of these are:

I t is user-oriented so that the person who needs to use Its
capab ilities can do so directly without the need for either
programme r or computer operationa l personnel.

4-6
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Its des i gn inc l udes the use of a database. A database is a
collection of data files that are organ i zed so that data
i tems within the collection can serve the information needs
of all organization users . The organ ization of these data
f i les is Intended to ach ieve the highest possible degree of
re la tabil i ty  between and among al l  data items stored in this
s ingle source of collected data.

It provides a large and unique array of man-computer dialogs
that are programmed in non-technica l eng lish-like language . This
dialog guides the user in the proper execution of the selected
information tasks. It tells the user what type of an error was
made and what his options are when such occur. These latter
features promote a high degree of rel iable mar-computer task
comp let ion and info rmation exchange .

It contains within one integrated package, a tota l system. Many
ex isting Data Base Management Systems simply provide the database
part; to get the other serv ices , you mus t pu rchase add it ional
packages from the same vendor , or from some other vendor. The
DMS prov ides the means to enter da ta for storage into the database ,
to c rea te the database , to search the database , and to secure re-
ports. You do not need any additiona l software to imp l ement and
to operate a database—oriented information management system .

The user Interacts wi th the DMS via a display term i nal. All of
the man—computer dialog appears on the term i na l screen . Once the
user has informed the DMS of the information task he wishes to
execute, the DMS prov i des the step—by—step instructions.

The FILE MA INTENANCE transac t ion makes it possible for any type or
number of record/f iles to be entered , sL~~ed , and updated. Limited

• access to these is prov i ded since this is not considered to be im—
portant. The record/files entered are usually those which are
currently be ing maintained manually or on computer f i les .

• The CREATE transaction provides a capability to organize the con-
tents of f i les wh ich wf l l  better serve the needs of all organ i zat ion
personne l. It is through this create transaction tha t the database
Is bui l t .

The UPDATE transaction prov ides the means by which the contents of
• the database can be kept current. This can be done both in an on-
2-. ~~~~~~~~~ line and batch mode .

‘
I 

The SEARCH transaction provides the means by wh ich the contents of
the database can be queried . It provIdes for single-record searches,

-
• multiple- i tem searches and even a brows I ng mode where you can

literally go from record to record within a file and have any one
or all of them printed out. There Is the option of what or of how
much of the content you want to see on the screen . With the search
transaction, you can locate ill records that meet a comb i nation of
information types. Up to 99 data I tem comb i nations can be sped-

• fled , wIthin a search .

• 
“-7
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The REPORT and STATISTICS transactions provide the means by wh i ch
the records located by the SEARCH transaction can be output onto a
printer. The STATISTICS transaction permits performance of statis-
tica l analysis of the contents of the records located by the SEARCH
transaction. The results of the statistica l analysis can be viewed
on the termina l screen ; a hard copy of these results is available
via a printer output .

Through a combi nation of the CREATE , SEARCH AND REPORT transactions
new types of data can be added into the DMS, rela ted to the da ta
currently stored in it , treated with statistics and printed outputs
of these statistica l manipulations secured .

Through the USER CONTROL transaction , you ca n control those personnel
who can access the serv ices of the DMS , control the da tabases and
files to which they can have access, and control or lim it access to
confiden tial or sensitive information in the database.

- 1

I
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SECT ION V

STUDENT MANAGEMENT SYSTEM

I NTRODUCT ION

The Student Management System (SMS) is the second scheduled product of
this development program. It is a specific application of the more general-
i zed Data Management System . This SMS product consists of a requirements
specification wh i ch , when implemented , can (a) prov i de a set of student
handling techniques for ach i ev i ng greater student individualization of train-
ing , and (b) identif y the training system data elements and record organ i za-
tion which can support grea ter i ndividual i za ti on and provide other types of
management information .

The student handling techni ques consist of a set of products and pro-
cedures which can be used within a squadron training environment. The
products are a family of both individua l student and group student performance
proficiency profiles. These profiles revea l in detail and in quantita tive
form the weak , average and strong maneuver skills of the student . With this
type of information on the student , both the s tudent ’s flight ins tructor and
the wing leader are in a more favorable position to p lan the student ’s sub-
sequent hops. Weak areas would be scheduled for greater practice and/or a
change in flight instructiona l techniques. Strong areas would rece i ve less
practice time in subsequent hops. Those students who revea l all average and
above average manuever skills would be log i cal candidates for hop duration
flight time reduction.

The discussion below will describe the types of student products which can
be made available from the existing hop grade data , the squadron personnel who
can use the products , and a descript i on of a student-oriented record concept
that will support the generation of the products and other types of manage-
ment information .

FEEDBACK CONCEPTS AND PRODUCTS

To control any complex system , it is necessary that regular i nformation be
• made available to those personnel who are responsible for its control. The

control ijiformatlon must be relevant to the resources and/or activities wh ich
need to be controlled in order to meet the system goals and subgoals.

Meeting the subgoal of greater individualization of student training re-
quires that the squadron training personne l take the initiative and execute
in a daily manner all of the required procedures. The squadron training
personnel i nvolved and the type of products (information) which each could
use IS illustrated in Figure 5.1.

Th is illustration embodies the Idea of feedback , which emanates from the
area of cybernetics , and involves the study of automatic contro l systems.
Automatic control of a process is ach i eved by the continuous mon i tor i ng of
the process performance parameters to determ i ne the in-tolerance condition.
This mon i toring is done by information flow to those who have a concern for
the system operation . Based on the ‘message ’ conta i ned in the information
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Commanding Baseline data
Off i cer Sample in dividual

~~~~~~~~
ructor Tra ining Baseline da taa in ing f f ice r Sami le individua lOffice r

Win g Baseline /i ndividua l s tudent
Leader progress/outcome profiles

__________  
Fl ight Individual student

Instructor progress/outcome profil es

[ Student ______ 

Stage and-I Hop Syllabus Outcome
Act ivity

~~ Progress Profi l e

~~n Ou~ come Profile 
___

Figure 5.1. Squadron Feedback Mode l and Product Flows
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flow, training personne l take the appropriate action to keep the system mov i ng
toward the ach ievement of Increased individualization of student training.

The type of message which each person in the training organization re-
ce i ves is tailored to his duties within the organization . These will be
discussed in more detail when the products are described . But at a genera l
leve l of discussion , the flight ins tru ctor wou ld rece i ve the proficiency
profiles of those students whom he is currently instructing . Together with
the student , the flight instructor would then plan the next hop maneuver
content. The student would then be aware of his weaker areas and would have
an opoortunity to brush up on the procedures , etc., which are related to the
maneuvers. In this manner , a partnership is established to achieve a
common goal.

The Win g Leader would rece i ve the profiles of all of the students in his
wing . He would review these individually so that he would be aware of the
nature and degree of deficiencies revealed by the profi les . Where common
deficiencies exist among many students , then this type situation could be
discussed among all the wing instructors to explore and to arrive at corilon
types of remedial instructional techniques that may be applied .

The Wing Leader would also recei ve student profiles at hops II and 12 of
the presolo stage ; such profiles are termed ‘outcome profiles. ’ These pro-
files would revea l the student ’s ach i eved proficiency at the end of his stage
training . Where the deficiencies still existed , the Wing Leade r wou ld be
aware that the remedial instructional techniques were not effective - w i th
no attempt to assign the underlying cause. This situation would be discussed
again among all of the wing instructors with the objective of sharing those
techniques that did work and those that did not. Through common disc ussion ,
and through repeated sessions , the most effective techni ques would become
evident . When this happens , both the student and the squadron personnel
have gained and the subgoals of individualization effectiveness have been
promoted.

The squadron training officer ’s span of resp onsibility covers severa l
wings and also extends to a total phase of student training . Thus , he needs
to be aware of the operation of the student management system and ts various
products; he should be concerned with the effectiveness of its operation.
In Figure 5.l ,effectiveness data would be covered by the term baseline data/
profiles .

Baseline data would cover statistics on students at the end of the stages
and at the end of the phase. These statistics would include (a) trend informa-
t ion on student weak areas at several hop positions in each stage, (b) corn-
posi te group stage student maneuver proficiency profiles at regular time
Intervals , Cc) accumulative flight-hours statistics of students for each stage
and grouped into three student grade categories - l ower th i rd , middle th i rd ,
and upper th i rd , (d) student flight failure statistics wh i ch reveal the hop,
stage and maneuver(s) failed , and (e) trends in student throughput days by
stage and phase. Each of these types of Information will not be discussed
here since they appear in the yearly program progress reports. However, as
can be seen from the types of information , the training officer would be
able to detect in quantitative terms the utility and/or effectiveness of the
individualization program.
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Two other squadron management personne l are shown in the feedback concept
illustration . These are the Instructor Training Officer and the Command i ng
Off i cer. The i ns truc tor trai ning off icer should have a concer n about the
effectiveness of those remedial instruction techni ques which are used on the
students who have weak maneuver areas. This information can be similar to
that which the training officer might rece i ve and include firsthand conver-
sations with the flight instructor and the wing leaders. The i dea here is
to get the instructor training officer involved in order to obtain the full
benefit of his own and his flight instructor experience with varied instruc-
tiona l techni que effectiveness. Where the statistics revea l little or no
effectiveness then a major goa l might be to develop new instructiona l tech-
niques that would be found more effective .

Since the squadron command i ng officer has the fina l responsibility for the
effectiveness of the individualization program , he should be given information
about its frequency of application, the percentage of success , and the impact
on stage/phase training flight hours , throughput time , a t t r i t i o n, and quality
of student graduates.

A summary of the personnel and the products mentioned above is tabulated
in Table 5.1.

DESCR IPT ION OF FEEDBACK PRODUCTS

A family of feedback products has already been alluded to in the previous
material. This section will give a brie f description of each product to-
gether with an indicat ion of how they can be used to promote the goa l of
increased individualization of student p ilot training.

Individua l Student Stage Progress Profile

As the student progresses through a flight syllabus stage , he recei ves
individua l grades on each of the scheduled stage maneuvers. After severa l
hops have been comp leted , it is possible to compute an accumulative grade
va l ue for each of the maneuvers. These grade values can tlen be plotted on
a graph to reveal the relative proficiency ach i eved to date on each of the
maneuvers. This graph is termed a profile. A profile has the merit of
identif ying the student ’s weak and strong maneuvers as well as the number
involved .

Two types of profile have been developed . The first is based on a 4.0
grade system and the second is based on a consistency of performance i dea
and uses a percentage va l ue computation .

An example of the 4.0 grade system pro file is shown in Figure 5.2. This
profile happens to be on a student whose cumulative stage grade was 3.O~6,
roughly an average student. When th is grade va l ue is taken at face value , it
does not reveal any student weak or strong areas. If they do exist , they are
obscured by the fact that weak areas can be counterbalanced by stron g areas.
In the case of the student ’s prof ile shown , this is exactly wha t happens.
When the graph is rev i ewed , it can readil y be seen that the student had 4 or
5 very weak areas and a similar number of strong areas. Only about 6 or 7
of the maneuvers fell within the average area .
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Now let us examine a second student. His 4.0 grade profile is shown in
Figur e 5.3. No weak areas or strong areas are apparent. Yet the student ’s
cumulative flight grade was 3.062 - nearly identica l to the previous student.
From these two profiles , it can readil y be seen that the two students are not
equa l l y  prof i c i ent; also , it is quite evident wh ich one could benefit from
some positive individualiz ed training . Thus , the profile technique not only
overcomes the limitations of using the cumulative hop grade for progress
evaluation but it depicts in quantitative manner the weak and strong areas
of the student ’s syllabus maneuvers.

Student Consistency Perfo rmance Prof i les

Within a par ticular stage of flight training , a .iudent is required to
practice/demonstrate his degree of proficiency many times. For each hop he
is assigned a specific proficiency grade; usually an average , above average ,
or be low ave rage for each of the maneuvers. If we accept the assumption that
the student who receives a greater percentage of average and above grades is
more qualifi ed than one who rece i ves some below average grades on any one
maneuver or on all maneuvers , then it is possible to express these student
differences in a quantitative form . This was done for the ~~~~ students onwh ich 4.0 grade va lue prof i les were made and wh ich were i l l us t ra ted  in the
two previous figures. These two consistency profiles are shown in Figures
5.4 and 5.5.

Consistency va l ues are computed by add i ng the total number of average and
above average grades rece ived and then d ividing by the total number of grades
rece i ved . A va l ue of 1.00 indicates that all of the student ’s grades were
average or above. A value less than 1.00 ind i cates that some below average
grades were rece i ved . A 0.50 va l ue would Ind i cate that at least one half of
the grades rece i ved were of the below average category. Thus , faced with a
prediction of what the student proficiency level is likely to be on the next
hop, this value woul .d be the best estimate.

In the case of the two consistency profiles illustrated , the individua l
leve l of maneuver consistency ach i eved by each student is quite apparent as
well as the dramatic differences between these two students . Although the 4.0
grade profile does revea l a student ’s weak areas , the consistency profile
expresses these weak areas in a form which i s eas i l y unders tood and whose
consequences can a lso be readily judged both in terms of current proficiency

-‘ and next hop estimates . Thus , the consistenc y profHes ref lect  a different
aspect of student performance proficiency than either a simple hop grade
value or the 4.0 grade maneuver profile. For instance , the student who re-
veals a 0.500 consistency value for HAE/PPEL at hop 1 1 in the presolo stage
might be considered a high risk for soloing ! The Wing Leader , the Training
Officer and even the Standards Off icer  wou ld wa nt to be appri sed of th i s
student ’s situation ! (Student in Figure 5.4)

Group Student Prof i les

These profiles are similar to individua l studen t profiles but their grade
va lues or cons i s tency val ues are based on the summati on of a g iven number of
s tudents ’ Indiv idual grades. These profiles are capable of revealing to the
Wing Leader/Training Officer consistent weak, average and strong maneuver areas.t .~~~~~
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Where these exist1 some type of tota l squadron effort would be appropriate
since they would mean that the existing instructiona l techniques are not as
effective as they could be.

The grou p profiles at the end of the stage would depict the quality of
student graduates. Like the individua l student profile, the compos ite grad-
uate profile would revea l similar i nformation .

To track the benefits that might accrue from the application of an indiv-
idualized training program , the exam i nation of stage graduate profiles before
and after the prog ram had been placed into effect would identif y the areas
of effectiveness and non-effectiveness.

Baseline Stat ist ics and impact. Trends

The idea of these stat is t ics is to quantify the effects of the individ-
ualized training treatments of student. It can be logical ly expected that if
the students and training system are benefiting , some quantitative ev idence
should be available.

The benefits should reveal themselves in trend type information . The
following types of trend information should be made available:

a. Changes in the magnitude of individua l and compos i te student
weak maneuver areas.

b. Decreases in the magnitude and number of composi te student
weak areas at the end of each stage.

c. Decreases In the flight syllabus stage failures where high
failure rates were prev iously in evidence.

d. Where some students are accelerated because they have no
weak areas, a reduction in total flight hours per stage
should accrue. Again this type of impac t will show up onl y
when many students have In fact been accelerated .

a. Student throughput days statistics . At this time , there
would be no basis for believing that throughput days of train-
ing would be reduced by the above types of student treatments.
Flight hours could be expected to be reduced but other factors
would more likely determine throughput days. If the profiles
were used as a basis for reducing the number of sfage hops
instead of reducing the duration oIC flight hops then some im-
pact on throughput days could be expected.

RECORD CONCEPT

Objective

The student nava l aviator record concept bei ng proposed herein is intended
to fulfill severa l distinct objectives. The first objective is to build upon
the record types now contained in the student aviation training jacket. This
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record concept evo lved after many years of experience and i ts current u t i l i t y
is not go i ng to be ignored . The second objective is to build a record con-
cept that will support a continued program of analysis which can help train-
ing administra tors to detect less effective training operations and to im-
prove upon the training system , thereby ach iev ing grea ter ef f ic i enc i es in
its operation . The third objective is to prov i de the means by which greater
student individualization of training treatments can be implemented at the
squadron level, individualization of training is used here to denote train-
ing treatments to meet each student ’s needs to a greater degree than current
pract ice permits. A fourth objective is to formulate a record concept that
w ill represent in data form , the physica l ana log of a student ’s adm inistra-
tive and training events and which will permit a reconstruction of these
events and place them Into their proper time position within the tota l time-
span of the studen t ’s training period . This objective is considered impor-
tant because of the fundamental role that the time-domain has in student
sk i ll , and knowledge acquisition has in training progress and outcomes.

Record Structure

The record structure which is envisioned at this time and which will
fulfil l the objective cited above would consist of six separate record
types. These records are as fol lows : (1) administrat ive , (2) training
summary, (3) phase summary, (4) stage , ( 5)  flight hop, and (6) academic.
There is a conti nuous functi onal rela t ionsh ip between the fl ight hop record/
academ ic record wi th the res pec t ive s tage , phase and training summary records.
The functiona l relationship is depicted in Figure 5.6.

As i l lustrated , when certain data are input into the ground school and
in the hop records, these data are automa ti call y colla ted and an ent ry made
in the stage record . For Instance , when a student completes all of the re-
qu i red hops in a stage, the da i ly  hop grades wh i ch appear i n the hop record

I 
‘ are sumated , a 4.0 grade value computed and its outcome is then placed i n

the stage record . A host of similar functiona l relationships exist in the
proposed structure . These will be discussed in more detail in the material
that follows . Similar functiona l relationships (dependencies) exist between
the stage record and the phase record and between the phase record and the
training summary record . As the student comp le tes his da i ly hops, each of
the records i s au toma t i c a l l y updated to reflect his new status. Thus , each

0 record in the structure , when accessed , would reflect his current training
sy llab us status and his current performance proficiency status. For con-

— venie nce of refere nce , the record struc ture has been designated as bei ng
composed of five levels; these are i denti fied in Figu re 5.6 as runn i ng from
01 to 05. The record w i l l  also signif y that each leve l of records and their
respective contents is of interest to certain student management personne l
In the chain-of-command from flight instructor to CNATRA operations staff

-
. personnel.
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Record Content and Uti l i t y

The Content of the records described above was specified so as to support
the four objec ti ves c it ed p l us the recogni t io n tha t, within a training organ-
ization , d ifferent managemen t personne l have need for different types of data
and l nformation to help them fulfill their job tasks. In the proposed struc-
ture , the 01 and 02 levels would be of interest to flight instructors and the
training officer. These are the data/information that they work with on a
daily basis to manage the students effectively and efficiently. The 03 record
level is of interest to squadron commanders , training of f icers  and T RAW ING
command and staff personnel. The content will tell them how well the train-
ing goals of schedu le , rate and quality contro l have been met. This is after
the fact .  If they want to know the status of these goals durin9 the stage
training, then they would want to access 02 l eve l data as it is be i ng accum-
ulated . Thus, if a large group of students is behind schedule , they wou ld
be aware of this information and could take what action i s  desirable and
feasible.

The content of 03 leve l records (phase) would be of special interest to
TRAW ING operations and p lans personnel since current TRAW 1NG operations in-
clude the compl ete training of at least two phases , the bas i c and the advanced
phases. The phase record would revea l statistics on (1) the realized Pilot
Training Rates , (2) the schedule position of students who completed the phase ,
(3) the factors (such as weather , aircra ft ava i l ab i l i t y ,  instructor ava il-
ability, and student availability) which determ i ned the individual student ’s
schedule position , (4) the quality leve l of the students who completed the
phase - expressed in terms of grade distr ibut ions , grade means and standard
deviation , or the new grade concepts deve loped by Rowland & Company . These
include the selected maneuver grades /profi les and the maneuver re l iabi l i ty
grade/profile opt ions.

The 04 record (training summary) content is primarily factua l documenta-
tion of what parts of the syllabus a particular student completed . It tells
what pipeline the student was assigned to, the aircraf t models and f l igh t
hou rs flown , how much ins truction training was rece i ved in actua l flight arid
in-fligh t simula tors , what grade va lues (expressed as standard scores) were
received i n ground schoo l, In—fli ght syllabus and the fina l overall grade.
In addition , it contains data on carrier qual i f icat ion, student acc idents ,
student pilot disposition boards, and other descriptor information . Rowland

• & Company is also reflecting information pe r taining to the students (a)
fina l throughput time in relation to standard syllabus time , (b) fina l fl ight
hours i n  relation to standard sy llabus f light hours , Cc ) maneuver grade and
the student performance re l iab i l i ty  grade .

The 05 record (administrat ive) content is primaril y for un i que ident if y i n g
data about the Individua l student. This consists of traditional items such
as name , social security number , branch of service , rank , date of rank , etc.
The content of this record may well follow that be i ng developed for the
Personnel Record of the planned NAIlS. Rowland & Company does not have any
special content recommendations for this record . I ts primary use is to keep
Navy administrative information separate from the CNATRA training function
records.
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R ECO RD DESCRI PT IONS

This section will descr ibe each of the six record types already intro-
duced. The specific content data element type and the quantitative value
of each will be ind i cated where possible. The source of the data which
goes Into each record will be identified ; this will be done especially for
those data types wh i ch tie one record into another in terms of dependency .
Since a cumula tive dependency exists from the top record downward , it is
planned to discuss the records at the lowest leve l first so that the proper
data elements will have been introduced in  ~ record which feeds upward into
the higher l evel records.

Hop Record

The hop record would contain all of the information now conta i ned on
ATF type forms. For discussion purposes, it has been separa ted into
(a) administra tive , (b) trainin g sy llab us , (c) hop description , and (d)
maneuver/grades of that hop.

The administrative data would consist of i dentif ying data such as
student SSN#, and NAME .

The trainin g hop identification would consist of such data as (a) syl-
labus hop number designation , (b) date of hop, (c) instructor identification
number, (d) hop duration , (e) type of hop - s o l o  or dua l, (f) hop type in
terms of regular , extra time , special check; and (g) hop outcome in terms
of up or down.

The maneuver/grade data would consist of an i tem i zation of each hop
maneuver type demonstrated , practiced and/or graded - together with the
grade assigned to each. In add it ion, the grade for that hop would be
shown.

The cumulative maneuver grade data would consist of a running tota l of
(a) the number of unsat grades , (b) the number of BA grades , (c) the number
of A grades, and Cd) the number of AA grades.

A hop record would exist for each hop flown. Access to a particular
hop record would be via the student’s SSN and syllabus hop des i gnation

• number. The format for the display of the hop record data on the term i na l
screen is not a topic of this working paper. The format would have to be
coord i nated with user type squadron personnel.

A listing of the above data elements is shown in Fi gure 5.7.

Stage Record

The stage record would be a running and fina l summary of all training
events in each stage of training . Depending upon pipe line , there are approx-
imately 20-25 stages. Thus, each stage record would have a unique i dentifier.
These i dentifiers would correspond to those already being used In the
syllabus file.

5- 15
*

- ~~~~~~~~~ -- - 
~~~~~~~~~~ — — - - -L ~ 

I
~i_k~ ~~ .1~ ~~.- ~~~~~~~~~~~~~~~~~~~~ p,’ . — .. -.



HOP RECORD

i dentification
Name of Student
APL Number
Tra i ning Stage
Stage Hop Number

Admin is tra ti ve
Hop Da te - M/Y
Hop Duration - hrs/tenths
Hop Ty pe - regular , special , etc.
Hop Up or Down
Solo or Copilot
Aircraf t Type

Ins tructor Number

Hop Grade Data
Number of unsatisfactory grades
Number of below average grades
Number of avera ge grades
Number of above average grades

Cumula t ive Hop Grade
Cumulat ive unsat grades
Cumulative below average grades
Cumu la t ive average grades
Cumu la t ive above average grades

Maneuver Grade Data
Maneuver i denti fication
Maneuver grade
Maneuver Identif icat ion
Maneuver grade
etc.

‘I

-I

Figure 5.7. Hop Record
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STAGE RECORD

Identi f Icat ion
Name of Student
APL. or SSN of Student
Syllabus Stage

Administra tive
Squadron ID
Date Started
Date Completed
Aircraft Model

Schedule Position Data
Projected completion date
Actua l complet ion date
Hop-days lost:

Weather
• Aircraft availab ility

Ins truc tor ava i lab i lity
• Student availability

Ot her

Cumulative Stage Grade Data
Number of unsat

. Number of below averages
Number of averages
Number of above averages

Maneuver Profile Data
• Rel iabi l i ty value for each stage maneuver

Cumulative grade for each stage maneuver

Flight Hours
• Firs t Pilot - standard

First Pilot — actua l
Copilot - standard

• Copilot - actua l

Figure 5.8. Stage Record
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The stage record would contain (I) administrative data, (2) training
squadron data, (3) schedule position data , (4) stage maneuver profile data ,
(5) cumulative fligh t time , and (6) cumulative raw grade data .

The adminis trative data would consist of the student ’s name , social
security number, pipeline assignment and stage identification .

The tra i n i nq squadron da ta wou ld cons i s t of squadron i dent i f ica t ion,
date student reported in , date student reported out and aircraft mode l be-
ing used in this stage.

The syllabus schedule position data would be a runn i ng summary of the
current student ’s schedule position. The position would be expressed in
terms of the number of hops - beh i nd , ahead or 0 for on-schedule. When a
hop is lost , the reason for the loss would be recorded as (a) weather ,
(b) aircraft availability, (c) instructor ava ilabi lity, or (d) student avail-
ability. The information from this record would serve as inputs into the
scheduling off ice r ’s data needs.

The cumulative stage profile data would consist of computed data cx- 0
pressed eit her as 4.0 grade va lue or in re l iab i l i t y  terms and would revea l
the s tudent ’s current profici ency on each of the stage maneuve rs. Being a
cumu la t ive profile , the grade data f rom each s tage hop wou ld be used to
compute the data values for the profiles. The profiles would be available
to the fl ight i nstruc tor or tra ini ng off i ce ei ther as dis p layed on the
term i na l or as a printed output.

The cumulative stage grade data would still be available to fligh t
i nstructors , training officers and student disposition boards. These data
would consist of the cumulative number of (1) unsat grades , (2) below
average grades, (3) average grades , and (Li) above-average grades . In
a d d i t i on to these , a cumu la t ive s tage g rade val ue would be automat ical ly
computed from the above and the va l ue stored in the record . This value
would be updated after each hop. This same value would then be used as
the stage grade when the stage hops had been completed .

The cumulative fl l ght time hours data would consist of (1) first pilot
hours, (2) co—pilot hours, and (3) number of hops flown . These data would
serve as inputs into the phase record where similar type data are bei ng
accumu lated .

A listing of the above data elements within a record layout is shown
in Figure 5—8.
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How can training administrators use the data placed into the stage record
to ach i eve training system goals and ach i eve individualized student training
treatment goals?

Trainin g system goals are the achievement of a training schedule for each
student so that a projected training rate can be met and a quality studen t
product achieved that has a low risk of future failure. As the student pro-
gresses from one stage to another the information about the student ’s schedule
position is available. If a group of students are behind schedule at the end
of the 2nd s tage of tra i ning , then this information can be used to give
priority to their scheduling in the next stage or stages in order to over-
come their behind-schedule position . In this way , the projected training rate
is nvre likely to be met .

Each stage record conta ins data which can be used to secure a set of
syllabus maneuver profiles for each of the stages completed in the phase.
The profiles revea l the relative strength and/or weakness of the student on
all maneuver types and may be used to detect the presence of consistent weak
areas across all stages. For instance , a student who blew emergency proce-
dures at all stages of his training would be a higher risk student than one
who had consistently average or above average grades. Such a student could
be given extra—hops to help him overcome this area rather than send h im on
to the next stage/phase with known weaknesses. The reliability value for
each stage maneuver Is useful for the detection of these weak areas.

Phase Record

The function of the phase record is to prov i de TRAWING and CNATRA command
personnel with information about the student ’s training progress , his train-
ing outcomes, and to document sy llabus status achieved. As is true of other
records , the data content will appear under several descriptive headings.
These are described below.

Adminis trative. This type of information will consist of specific stu-
dent IdentIfIcatIon descriptors. The content would be identica l to that used
in the hop, stage and administrative records. As a minimum , these wou ld
include (a) the s tudent ’s proper name , (b) his social security number , (c)
his branch of serv i ce, Cd) his current rank . These la tter two data elements
are not essential since they will appea r in the Administrative Record wh i ch
will be discussed later in this report.

Phase. This type of information will consist of descriptors that document
on which pi peline syllabus the student received his training , the D/M/V of
the beg i nn i ng of training and the D/M/V of completion of phase training.
Where pi peline cross—overs occur , this fac t should be reflec ted under this
section of the record.
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PH ASE RECORD

Identificat i on
Name of Student
APL/SSN of Student

Phase Data
Ph ase Name
D/M/V Started
D/M/V Completed

Schedule Position Data
Projected Complet i on Date
Ac tual Comp leti on Date

• Cumulative Hop Days lost:
• Aircraft Availabili ty
• Instructor Availability
• Student Availability
• Other

Cumula tive Grade Data
• Fl ight Grade
• Ground School Grade
• Phase Grade

Fligh t Hours Data - Cumulative
• First Pi lot  - s tanda rd

Firs t Pilot - actual
• Copilot - standard
• Copilo t — actua l

Figure 5.9. Phase Record

5-20

4.4 W’~~~~~~ - - - ..~~~~~~~~~ - -a.- . —. -.- ~~~~~~~~~~~~~~~~~~~~ .— - - - - _ - -  --

~~~~~~~~~~~~~~~~~~ 
-‘

~~~~ _ —~~~~~~~--_1 . - --— .-- - — - -~- - ‘0-~~~~~----. —



Training Status. This type of information documents wha t actuall y happened
i n each stage but does i t i n  a summary form. The summary data will determine ,
among other things: (1) the syllabus schedule actuall y ach iev ed by the
student; (2) the factors which influenced the schedule position made good;
(3) the quali ty leve l of the student ’s performance in the ground school and
fligh t portions of the syllabus; and (4) the tota l flight hours required
versus the standard flight hours of the syllabus. The specific data elements
wh ich this section should contain are as follows : (1) date started first stage
(D/M/V): (2) date completed last phase stage (D/M/Y); (3) elapsed days;
(Li) syllabus phase schedule position expre~ - -’~-i-~ ifl re lat ion to the published
‘standard ’ schedule duration ; (5) a tabulat ior ,- of the factors which contri-
buted to the deviation (if any) from the standard schedule (consider express-
ing these as both absolute numbers and in terms of percen tage , i .e . ,  what
percentage was due to weather , what percentage due to lack of aircraft avail-
ability, etc.); and (6) the number of solo and dua l flight hours flown
expressed in hours and an entry which compares these hours to the number in
the syllabus. This latter number would have to be computed and at this time
it is suggested that a percentage of hours flown over the standard or below
the standard be computed .

Phase Outcome Data. In the above section , mention was made of two com-
puted va lues , the phase schedule position and the flight hours position in
relation to the published standard . The raw data on which these two computed
val ues would depend would appear in the above record section but the actua l
computed va l ues would appear under the Phase Outcome Data . Thus , two per-
centage values would appear , a percentage above or beh i nd phase schedule and
a percentage less than or greater than the standard flight hours.

One other type of Phase Outcome da ta sugges ted to p rov ide a comp lete
documentation is the cumulative grade va l ue ach i eved for the ground school
syllabus and the cumulative grade va l ue for the flight syllabus . Considera-
ti on should be g i ven to combin ing these two values to sec u re a ‘fina l phase
grade ’ . Any one of the prev iously described metr ics can be used but the one
that prov i des the greatest student performance discrimination is favored .
The administrative utility of the phase grade is to provide some quantitative
expressio n of the ‘qua l i-t ’.’ of student performance ’ ach ieved by the TRAWING
and its supporting squadrons.

--4

When the above types of data are collected and computed for each phase
and are made available to TRAWING command personnel , they would be in a
position to examine their own operations for out-of-tolerance conditions
and , where any exist, rev i ew the options available to them and execute those
that seem to have the best promise . For instance , Pi lct Training Rate and
Schedule are the two goals which each TRAWING is try ing to meet. The phase
record data will permit them to i dentif y the factors wh i ch influence the
pilot training rate and schedule positions and also to relate these to re-
sources used (number of aircraft hours flown , number of flight instructor
hours used, number beh i nd due to large proportion of marg i na l students , etc.).

The above types of relationsh i ps can be made available to command
personne l with the data base type of file organization . However , before this
can be done, the command personne l must ind i cate that they wish to have such
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information made available via online query or via weekly or daily reports,
etc. Weekly summaries can be fulfilled by batch processing whereas daily
reports or summaries can easily be provided via online mode of operation .

The content and layout of the phase record appears in Figure 5.9.

individualization Information. The phase record as described so far
simply tends to ‘document ’ what happened during a particular phase of train-
in g. But how can this record contribute to greater individualization of
t ra in ing?

The phase record , together with the ind ividua l stage records , can be used
to secure comprehens i ve profile information on each student.

As the student nears completion of the last stage of the phase, adminis-
trative personnel must dec i de whether the student has , in fact , met all of the
syllabus requirements and whether the standard of performance achieved is
sufficient to pass the phase and to prepare the student for the next phase of
t raining. A basic thesis of the SMS development effort is that most of the
traditiona l grade data do not prov i de a complete enough basis for the
identification of studen t weak areas, strong areas and intermediate perform-
ance areas of the flight training syllabus . Therefore, if the phase summary
record is to play a significant role in decision-making about the student ,
then th i s record , together with the information contained in the individua l
stage records, can be used to help decide on the proper trea tment for the
student. if the stage records were used to detect student weak areas
systematically, then , by the time the student completed the phase his known
defic i enc i es wou ld have been given attent ion . The dec i s ion to be made at the
end of the phase i s whethe r the weak area s were , i n  fact, detected , what
remediation was attempted and with what outcome . With this information , the
TRAWING commander has information about the effec ti veness of the detec t ion
system , the effectiveness of remediat ion efforts , and the effectiveness of
efforts to achieve and maintain the projected training rate.

Training Summary Record

This record is intended to document major fac tors about the student ’s
- 

- training in the training command. The major factors include : (I) those
t~ackground characteristics of the student that have shaped his entrance skills
and knowledges ; (2) the specific training syllabus under wh i ch the student

• was , in fact, tra i ned ; (3) the outcome of the training either in terms of
attrition or completion with detailed grade and qua liiica tion s achieved; and
(4) administrative events such as studen t disposition board occurrences ,
acc ident data and other administrative decisions that i mpacted on the Stu-
den t ’s career. Af ter a tabula ti on of the respect ive record sec ti ons and
their specific data elements is made, the ut ili ty of the sec t ions/da ta
elements wi l l be discussed.

Student Identification Section. This section would contain that data
0 

which CPIATRA has es tablished as a minimum for personnel identi f icat ion. Shown
in this sect i on ar e the student ’s ful l name , soc ial security number and/or
service number , the branch of service and rank. These data should serve to
uniquely I dentIfy one student from every other student.
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TRAINING SUMMARY RECORD

Iden t i f ica t ion
Name of Student
APL/SSN Number
Serv i ce Branch
Rank

Background
Procurement Source
FAR Score
AQT Score
Pr i or Fl i ght Experie nce

Tra ining Syllabus
Pipeline
Syllab us Des i gnat ions
Phases or Stages

Training Outcome
Completion Date
Attrition Date
Attrition Stage
Att ri t ion Hop/Maneuve rs
Attrition Reason(s)

Prof i c i ency Ach i eved
Cumula t ive f l ight g rade

• Ground School grade
• Fina l Overall grade

Resources Used
Throughput days

• Solo Flight hours - aircraf t
• Dua l Fl igh t hours — aircraft

Schedu le Posit ion Summary
Projected completion date

• Actua l completion date
Hop-days los~t :

Weat her
Ai rcraft
Ins t ructor
Studen t
Other

— Figure 5.10. Training Summary Record
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* Background Factors Section. Two factors of the student ’s backg round
which  shape h i s  entr ance leve l knowled ges, skills and attitudes are educa-
tional experience and prior flight experience . To qualif y as a candida te for
aviat i on training the potential candidate must take several tests. The
res ults of the tes ts are recorded as scores on the Fl ight Aptitud e Record
(FAR) and the Av ia t ion  Qual i f i ca t ion Test (AQT) . A minimum score of stan ine
3 and 5 on these respective tests has generally been in effect. However , the
minimum score for AQT for certain branches of service has been set at 3. This
type of information exists in some administrative documents but does not get
recorded on the student ’s record . This section would be a logical p la ce fo r
its recording. Whether a student naval aviator candidate enters from civilian
life or from the service has been shown to influence his probability of
dropping from the flight program voluntarily. The data element wh i ch has
made such determination possible is the i dentification of the procuremen t
source of the student. In the past , a procurement source of AOCS has been
used to des ignate a ca ndi date f rom c i v i l i an  l i fe. NROTC has been use d to
des i gnate a candidate who was en rolled in the Navy Reserve Office rs Training
Course

Prior flight experience of a candidate could have been via the Fl i ght
Indoctrination Program (FIP) in the NROTC program or through a civilian fligh t
school . Some student s , who we re released for the conven i ence of the govern-
ment because of a surp l us of students , have been designated as COGS.
Cer ta i n ly , this previous experience will i mpact on the student ’s rate and

4 level of progress. When making analyses of groups of students , it is essen-
tial that all of the students are grouped together since it could be analagous
to comparing apples and oranges. This error can only be avo i ded if the stu-
den t ’s record contains data elements that make these i mportant identifications.

Training Syllabus Section. This section of the record would document
in wh i ch of the pipeline syllabuses the student rece i ved his training and the
specific syllabus codes wh i ch would i dentify the specific version wh i ch was in
effect during his training.

Sy l labus Change ~~cumentation. At this point it i s  des i rable to amplif y
on the necessity that the particular syllabus under wh i ch the student rece i ved
his training be documented. For instance , in the period prior to March 1970,
s tudent nava l avia tors rece ived their pr i mary f l i ght t ra ini ng pr ior to their
training in officer candidate school . After March of 1970, the sy llab us was

• changed to flow to Aviation Office r Candidate School and then to Primary
Fli ght Training. Currently under consideration and about to be imp l emented
in the Basic Phase is the parallel training of a student in Instrument Fligh t
and Aerobatics and possibly some other type stage training.

Most of the above types of changes are made and recorded at an admini-
strative leve l but no data i tems appear in the student ’s record to document

• this type of syllabus training. Thus , when any attempt is made to follow-up
on the consequence of the changes the data elements are lacking to reveal
which students were trained under wh i ch syllabus . Therefore, follow-up
an alys~ s of the consequences of changes in syllabus cannot be made except by
co m b i n i n g  data from CNATRA administrative records wh i ch document when these
changes took place , what the nature of the changes was , and then trying to
i dentify those students who were , In fact , trained accordingly. Therefore ,
it is highly recommended that CNATRA establish and maintain a master syllabus
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record in which major syllabus changes are documented, the date of their
implementation and the syllabus stages wh i ch are effected. Furthermore , when-
ever such a change occurs , the app ropriate syllabus code or change must be
recorded on the s tudent ’s Trai ning Summary Record. To accommodate this type
of data , the training summary record concept being proposed herein contains
a subtitle unde r which changes can be accommodated. The exact data elements
that would go into this section depend upon the system CNATRA establishes for
the i d e n t i f i c a t ion of s y l l a b u s  chan ges , etc.

Trainin g Status Section. An examination of this sect i on by training per-
sonne l would revea l the current training status of the student. The data
would be automatically updated from data wh i ch becomes available to the
Phase Record.

- The current tra i ning status of the student wou ld i nclude the fol lowing
types of information :

a. current stage of training
b. current syllabus hop
c. current total syllabus schedule position
d. factors wh i ch determined student ’s schedule pos it ion
e. current proficiency status - expressed as overall grade in

standard grade - using all available grades assi gned. For
defic iency profile data , wou ld have to go into Phase and
Stage records.

f. number of ins tructors student flew with -

g. total number of solo and dua l hours flown
h. probable completion date based on current squadrons and student ’s

character i s ti cs .

Trainin g Outcome Section. This section would contain data only when the
student has completed the prescribed syllabus or has attrited. For those who
attrited the training status section would revea l how far the student pro-

4 gressed; data elements would reveal the stage , hop, maneuver(s) failed and
the voting outcome of the board and admi ral.

For those students who completed severa l subsections would be included.
These subsections include (a) Proficiency Achieved , (b) Schedule Achieved ,
(c) Fligh t Hours Requ i red , (d) Fl i ght Instructors Used , Ce) special qua lifica—
tions achieved such as CQ, gunnery, etc., (f) acciden t data , if any , and

:
‘ (g) board data which did not result in an attrition.

1. Proficiency Data: All students ach i eve a Final Overall Grade .
This final o~~ral l grade is currently made up of groun d school grades and
flight syllabus grades. When these two are combined in accordance with a
formula a single grade expressed in standard score form is secured. The actua l
value of this score will permit any studen t to be compared with any other stu-
dent and a ranki ng of students can be made where administrat i ve decisions need
such information.

0 Although the single grade va l ue permits a comparison of students with each
other , it does not reveal the existence of any strong or weak flight maneuver
skills. To secure these types of data , i t  wou ld  be necessary to access the
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stage records of the student. Stron g and weak skill areas tend to be specific
to the aircraft and stage syllabus maneuvers . The areas of strengths and
weaknesses can be readily i dentified by the performance reliability metric
and/or profile. This topic was discussed under the Stage Record description .

2. Schedule Ach ieved: This Section would contain information and
data elements wh i ch revealed the actua l syllabus schedule achieved. The
i nformation would appear as (a) standard sy l labus days/weeks , (b) ach i eved
syllab us days/weeks, (c) percentage of days/weeks ahead or behind syllabus
standard , (d) tabulation of actua l number of days lost due to weather , air-
craf t avai labi l ity, instructor availability and student availability. These
data could be supplemented by computationa l data wh i ch tabulate the percentage
of t ime lost to each of these factors; or this type of computation may be
included in an application program that retrieve s the raw schedule data and
then makes the percentage computation , especially for a large group of
students. For instance , weather factors could conce i vably have a differen t
effect on schedule based on the season of the year. To perform a relevant
analysis on this differential effect it would be necessary to look at how
weather influenced each stage type , but with the precaut i on that the same time
per i ods would be examined. How would those stages be i dentified , say , that
received their training in the spring of the year? This would have to be done
by looking at those students who began their stages in the month of March and
completed by May. As described in the proposed Stage Record the data elements
would be there and such an analysis would be facilitated .

3. Flight Hours Required: Each student flies a certain number of
hops and when the durations are sumated a total flight hours value is
available. Each squadron currently records the total hours of solo and dua l
for each stage. The phase record would summarize the stage record data. When
the student has completed his training the total that appears on the phase
record would automatically be transferred to the summary record and be placed
i n this section.

In addi tion to containing the total required hours the standard number of
hours required for the particular syllabus would appear. Thus , the number of
hours above or below the standard could readily be seen when the record was
examined. An optional data element would be to compute a percent hours above

• or be low the standard and the placement of this va lue in this section.

The ut ility of these types of data would support the examination of any
student ’s progress in terms of the number of hours needed to qualify as a nava l
aviator. An operational definition of a good student pilot could well include

• the number of fl i ght hours needed to qual ify . There is already preliminary
evidence that higher graded students are give n less hours by their fl i ght

• 0 instructors than lower graded students. Thus , fligh t hour ranking among stu-
dents may well be a usefu l metric that can be used to differentiate between
students who have the same overall cumulative training grade. The analysis of
fl ight hour distribut ion s of students at the end of individual stages and phases
reveals more diversity than grade data distr ibution . Admittedly, this is a
secondary type of eva l uation criterion in comparison to the grade value per Se.

The content and l ayout of the summary record is shown in  Figure 5.10.
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Administrative Record

This record would contain da ta pertaining to the student ’s Navy ca reer
per se rather than any data about his training. No attempt will be made to
i temize these data since they are dictated by established policy and proce-
dures. All of the records already described would remain within the training
command and would not be forwarded when the student left for operational
trai ning. However , some liaison with the operationa l training command
should be retained to determir.e the utility of forwarding some types of
student data which would reflect the studen t ’s various proficiency levels
achieved . If the operational training command decides to maximize individ-
ualized training treatments then some data about the studen t may be required .
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SECTION V I

SUPPORT TASKS

INTRODUCTION

The deve l opment plan and structure contained a third major task. This
third task is entitled “Support Tasks.” The i dea beh i nd this was to assemble
data and informat ion that cou ld impact on the desig n of the Data Management
System and on the Student Management System. Four such support tasks are
shown i n Figure 3.3, the task and phase summary. The scope of effort and the
res u lts of each of these a reas are rev i ewed below .

EXPERIMENTAL DATA BANK

The Exper imental Data Bank is a computerized file that conta i ns selected
records of student nava l aviators. These records cover students who rece i ved
and completed their training during the 1970/71 cal endar years . The records
were placed on magnetic tape files and used the UN I VAC 418 computer for their
preparation and analysis.

The primary reason for the creation of the Experimental Data Bank was to
provide the means by which objective , empirical , quantitative information
could be generated about a wide range of topics. It supports all of the
quantitative data deve loped for the Studen t Management System. It also pro-
vides all of the quantitative data wh i ch supports the contributions made to
the Student Success Prediction System and to the Training Systems Analysis task
areas described below . Thus , the creat ion and operation of the Experimental
Data Bank formed a cornerstone upon wh i ch the development program was built.

The broad types of data contained in this bank are described in the
followi ng paragraphs.

S

1. Fli ght Maneuver Error Data

For each hop flown w ith a fligh t instruc lvr the errors made by the
student are recorded on a standard form. This form contains the list of all
maneuvers flown, the grade made on each maneuver , and some wr itten comments
about the nature of the errors the student made on those maneuvers which were
graded below average and average. For a group of 25 students who had com-
pleted their training of the presolo stage of training, the hop record forms
were secured . To enter the error data into the computer a cod i ng system was
devised to ident if y the specific maneuver and maneuver sub-task to wh i ch the
errors belonged .

Wi th i n a t raining sys tem that uses subjec t ive grade ass i gnments s uch as
average , below average , etc., the error-data may be viewed as being less
influence d by instructor biases. A grade is a subjective expression of the
errors made by the student. The va l ue of the error-data is that it is these
errors , whether they be constant or random, that mus t form the bas i s of any
meaningfu l student remediation effort or of a program to implement greater
student individualization . It is the errors that must be remediated and not
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the grade wh i ch is but a symptom of the errors. A student maneuver error
profile was developed to help give quantita tive tabulations of these errors.
A sample profile is shown as Figure 3.7 in reference 1. The relation of
error-data to grade data is discussed in detail on page 3-5 of reference 2.
A complete discussion of these data appears on pages 4-2 through 4-10 of
refer ence 2.

2. Fl ight Maneuver Grade Data

For a selec ted group of s tudents , the grades made on each maneuver of
each hop of the three phases of training were placed into the data bank. This
amounted to approximatel y 3,000 maneuver grades per student , plus a separa te
hop grade for each of approximately 250 hops.

The data were ana l yzed systematically to deve l op student stage grade
profiles for each stage in  the basic phase and each stage in the advanced
phase of training. These prof i les are contained in  references 3 and 4
respect i v e l y .  The data were a l s o  used to secu re sta ti s ti cs on student
throughput t i m e  and flight-hours required for students in each of the stages
as well as for each of the two phases of flight training. These data are
d iscussed for the basic phase in reference 3 and for the advanced phase in
refere nce 1e .

3. Student Eva l uation Board Data

When a student is having difficulty with the training syllabus , a
board of officers convenes. This board reviews the student ’s tota l situation ;
his previous performance, his current performance and any personal problems
that he may be experiencing. Based on their eva l uat i on , the board recommends
e it her that the student be dropped from f urthe r traini ng or re tained w it h a
recommendation of the type of remedial training he should be assigned . Under
th i s sys tem, some s tudents may accumulate up to three or four board hear i ngs
while they complete the total training program.

S

Prev ious research conducted by the Aerospace Med i cal Research Laboratory
has revealed that the use of a board event on students contributed to an
improved prediction of their future risk of pass or fail. Thus , there was
i nterest In plac i ng as much of these types of data into the data bank as
poss ible to help exploit the data on a large group of students.

When the above types of data are comb i ned with the selection and training
data which reside on the NAMRL ’s tape f i les , they represent the consolidation
of all available data on student nava l aviators for those training years.
Although Rowl and & Company personnel used these data as described above, they
have not been completely exploited. This exploitation was intended to be done
by the Aerospace Med i ca l Research Laboratory research personnel.

TRAINING SYSTEM ANALYSIS

The above data which were placed Into the Exper i mental Data Bank offered
an opportuni ty for examination in certain combination s so as to provide
quantitative information about certain features of the training system from
which they were secured . These features inc l uded the fol lowing : (1) student
attrition statistics ; (2) studen t stage graduate quality profiles;
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(3) student stage flight—hour distributions; (4) student throughput-days to
complete individua l stages and phases of their flight training; and (5) student
quality control mechanisms . Each of these features are summarized below . 0

Student Attri tion Statistics

Of what va l ue are statistics on student att rition ? The primary value is
that these data i dentif y the stage , the hop and the specific syllabus maneuve r
where either a large group of students lacks the aptitudes and skills to
handle and therefore fails , or where the t r a in ing  system is i ne f fec t i ve  in
adapt ing i t s  inst ruct ional  techniques to the t r a i n i n g  needs of the students.
Any attemp t to cope with the student attrition situation must come to gr ips
wi th  these syl labus s i tuations as revealed by the s t a t i s t i c s .  These statistics
appear in the first three annual reports (references 1 , 2, and 3) and no attempt
w i l l  be made to tabu late them here .

Studen t Stage Graduate Quality Profiles

Although the fligh t attrition statistics revea l information about those
students who fail the syllabus , g rade profiles of student stage graduates
demonstrate the performance or skill l eve l achieved by those who are graduated
by the training system. These profiles can revea l those stage maneuvers where
student s have the lowes t , average, and the highest proficiency .

Again , those who are concerned with improving either the quality of the
student graduates or the quality of the training sys tem effec t iveness wou ld

— f in d these p rof i les to be a basic poin t of depa rtu re. These a re p resented in
references 2 , 3 and 4.

Student Stage Fl ight—Hou r Dis t r ibu t ions

Students enter the training system with wide ranges in aptitudes . Through-
out their training, they reveal continued diversity on nearly all available
measures. This diversity was found to exist on the numbe r of flight hours
each student was given so as to qual i fy them for stage proficiency . Fligh t
hours data are reported in  references 3 and 4.

An in terpretation of these data was offered on page 3-29 of reference 3.
The data were i nter pre ted as evidence for the exis tence of a ‘differential
studen t learning rate of fligh t skills. ’ It could also be interpreted to
mean that fligh t instructo rs adjusted the hop duration to the needs of the
student. The students with the lower grades were give n longe r fli ght hops
than students in either the med ium or high grade groups . -

Throughput Days

One poss ib le  measure of the effectiveness of a training system is the
number of days it requires to train an individua l student. For a group of
students this may mean an average of throughput days.

The student data placed into the Experimental Data Bank offered an oppor-
tunity to col lect statistics on student throughput time . Computations were
made on one flight-stage in the advanced phase of training and also on the
total advanced phase. These data are reported in the Phase IV annua l
report (4).
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The point made in this report is that such computations can be secured
from ex is t ing  student record data and that the use of throughput days should
be of in terest to management leve l administrators who are concerned with
measures of training system effectiveness and with means for improving
existing training systems. Knowing that there is a large divers i ty among
studen t throughput days may be one piece of inte resting information . What is
more important to pursue are the reasons for the diversity. This topic was
covered in considerable detail in the record concept and content of the Stu-
dent Management System (Section V of this report).

Quality Control

The grade system is used to help achieve quality cont rol of the students
who pass each flight stage in their training. An examination of the student
fligh t attrition statistics reveals that a very very small percentage are
failed due to low fli ght grades per se. The great majority are failed by the
‘ down ’ system. it would appear , therefore , that at the low end of the student
grade scale the down system is the most used technique to assure a minimum
acceptable studen t quality level. This latte r finding was reported and dis-
cussed i n reference 2.

A corollary observat ion was also reported in that reference , it
observed that a student naval aviator who flew approximately 220 hops may
have been instructed and evaluated by as many as 90 separate fligh t instructors
by the time he completed the operational phase of training. One can interpret
these data to mean that the student was man-rated repeatedly for h is satis-
factory performance by each of the 90 instructors . This repeated man-rated
sys tem has p robab l y cont r ib uted s ign i f i c a nt ly  to the knowledge and bel i ef tha t
the final student product can be expected to perform both satisfactorily and
reliably (2, p.4-41).

STUDENT SUCCESS PREDICT I ON

A third subject area of the support tasks i s  student success prediction .
It will  be recalled that the Nava l Aerospace Med i ca l Research Laboratory
has a support role to the Chief of Nava l Air Training to provide prediction
estima tes on students who are in the training program . This includes students
who are being trained as naval avia tors and those who are be ing t rained for
naval flight officer billets . The nava l flight officers serve as radar
intercept office rs on fi ghte r type aircraft , as navigator-equipment operators
on reconnaissance a i rcraf t, as Tactica l Command officers aboard anti-
submarine aircraft , etc.

The Student Success Prediction System was deve l oped and is operated by
NAMRL. NAMRL prov i des scores to squadron training personne l on students whom
the squadron wishes to review because these students are encountering some
d ifficulty with the training syllabus . The scores reveal the students ’
chances of completing the total syllabus successful ly.  Such scores are
computed for about 24 syllabus places In the primary and basic phases of the
training syllabus .

The actual value of the score Is influenced by various factors. These
include the grades a student made on a battery of selection tests , grades
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made on entrance tests into officer candidate training, grades made on academic
subjects taken in the officer training, and by grades made in the ground schoo l
and flight syllabus of the flight training syllabus .

The thrust of the Row l and 6 Company effort was to i dentify new kinds of
existing but not being used student aptitude and training performance data.
In addition , a considerable amount of effor t was devoted to the iden ti f i ca ti on
of alternative ways of computing fli gh t p rof i c i ency grades wh i ch cou ld  be used
in the development of predict i ve equations. The results of these efforts are
reported i n  references 3 and ~~

The results reported conta i ned : (I) new aptitude measures ; (2) the use of
cumulative stage hop grade va l ues ; (3) the use of a grade that was more serisi-
tive to the fl i ght syllabus maneuvers on wh i ch students actually failed; (4)
the use of a grade that discriminated more levels of maneuver skills among
students than the current grade computation method ; and (5) the use of a
studen t fl i ght performance reliability (consistency) score . Some 55 places
in the total training syllabus were i dentified where these other performance
measures could be applied and tested for their predictive utility (12).

The student data from which all of these measures could be secured were
placed into the Experimental Data Bank and the taped files delivered to the
customer.
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