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ABSTRACT.  An instructional approach was. developed for training opplied sonor skills. The approach allows a student
to effectively apply concepls learned in a classroom io problems presented on o fraining simulator. Instruction is in
the form of visualizations integrated with the training simulation. These visualizations of environmental, toctical, and
acoustic variables facilitate training by providing finks from simulation elements {o their more abstroct representations
on the tactical console. Information which adgresses the procedural aspects of opercling the laclical console is
included in the training approach. This gpproach was presented e submarine sonar instructors ond students, os o
series of stotic disploy snap-shots in the context of specific training scenorios. Lvaluation was bosed on their
judgments, -obtained with ¢ structured-interview questionnaire, oddressing the overoll instrucliongl opproach and
profotype disploy/control design features. The value of this type of instructionol assistance was found to be very high.
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INTROBUCTION

Traditional DoD iraining strategies have focused on foce
validity to moximize the iransfer of training, bosed on
research that has shown such designs as often positively
related to transfer {Osgood, 1949; Roscoe, 1980).
Recent research has shown significont instructional
enhancement resulls from use of strotegies which
present information corresponding to student internal
cognitive representations, os - summerized by Maxey,
Scopaiz, Modden & Ahlers (1993). These findings
foster creative instructional media. designs which key on
fundomental human cognitive thought structures to
provide @ firk belween familiar concepts and difficult-
to—comprehend cperational sysiem charocteristics.  The
findings suggest that applied training straiegies, such os
for sonar employment training, should include media with
good operational face validity supplemented by
instructional information familior to student  cogritive
representations.

[ffective _employment of modern - submorine  sonar -

systems is  exceplionally complex. The  sonor
employment  process s confronted by -increasing
equipment  sophistication, quiet adversaries, changing
roles of the submarine force, and ever-changing tactics
and cperational techniques. This complexity is further
compounded by submerine operations’ growing reliance

on environmenlally dependent information. . The modern
sonar. system, including its operaters; is continually

challenged fo extract increosing amounts ond quality of
information from a complicaled environment.  The
concepis of sonar opergtion and the environment are
often abstruse, with sophisticated and involved. operating
procedures.  Achievemeni of the requisite operating
precision “requires exceptionol levels of  operaior
proficiency to compliment the odvanced sensing ond

processing equipment,  Effective operator skills and .

knowledge require the development of sophisticoted, and

~ often abstroct, cognilive structures pertaining to the

ocoustic medium™ ond operational system. It is

~ postulated that the process of {eorning these will benefit

from instructional  strolegies. thol augmenl the
operalional system displays with information enhancing
student understonding ond visualization of sonar
concepts.

The training process could link new sonar concepts with

already-developed  familiar  student  cognitive
representations, and then with operationcl sonar system
disploys and controls.  This congruence, together with

- imaginotive information  presentation and . visualization

approaches, is expecled to greatly enhance the student’s

grasping of fundomental sonar concepts ond their -

application,

To assist in studenl ocquisition of robust cognitive
representgtions  of sonar employment concepts, an
instructional approach was developed 1o provide the

student with olternotive views of losk-refevant sonor

informgtion, emphasizing™ visualization  imagery, o

~ougment informetion normelly  availoble  from  the

operational equipment, The alternalive view information,
presenled on ¢ student-conirolled instructicnal display
placed afongside the operational sonar console lrairer,
would present o stylistic characterization of sonar system
physical phenomena in graphical formats familiar to the
student. This iinkage of relevant applied information in

-the operational format with similar information in a mere
cognitively-fomilior  formal is postulated to assist in-

student learning and understanding of sonar concepts
and their applications, building cognitive representations
and slrengthening their associotion with the operational
sonar equipment/information.



BACKGROUND

The broad learning/tecining research literature provides o

weclth of guidance - to -support the design of the

postulated alternative view instructional stralegy in an
applied setting. Certain issues of direc{ relevance to the
postuloied strateqy ore identified below.

Studeni Cognitive Represeniations ~

A common theme is emerging from the literature of

perception, decision—-making, expert vs. novice problem
solving, performance under stress, team functioning, and
troining -~ centered on the importonce of well-

developed cognilive structures and representations to.

human performance {Hammell and Ewall, 1934). For
exomple, cognitive representations have been described
gs fundomental io human decision making (e.q., Klein,
1989), ond expert performonce (e.q., Means, Solos,
Crandall, and Jacobs, 1993): shared mental models hove
been identified as conducive 1o improved fegm
performance - {e.q.,  Connon-Bowers,  Salgs,~ and
Grossmon, 1993), individuals are believed to posses
internal cognitive representations of objects, events and
time-sequenced processes {e.q., Weiten, 1992) thot ore

fundamental 1o human thinking ond thought processes. -

These -representations can have various forms, such as a
mental imoge of on object (e.q., towed array conical
beom patlern); or a mental image of the TMA process to
calculate target range and course, in the form of a

template; or ¢ mental image of ¢ lime-line sequence of

evenis for resolving sonar bearing ambiguity, in the form
of a script.
overiapping  representolions, learmed  from  and
corresponding io their many ond varied experiences
through life.

Visual Imagery

One of the primary qoals of sonar operator employment -

training is o provide on understanding of the complex
relotionships  among ccoustic signals, the underwaler
environment, and the acoustic processing equipment.
This understanding is necessary fo allow an operator to
effectively deo! with novel toclical situations. Robus,
approprigte cognitive representations qre necessary 1o
enable on operotor 1o most accurately perceive the

sonar~taclical situation as it exists, and lo conduct

effective decision making and problem solving activities.
Since the  perceptual process is dependent. on past
experience, the training strategy should start with, and
build on, o student’s existing cognitive representotions to
achieve an efficient learning process. That is, soner

g beneficial

_sonar beam mental images.

-~ complex bearn characteristics.

Individuals. are believed to. hove many -

treining should begin with cognitive représentations of
familior experiences and build to those of the sonar
system and its employment.
system  should provide  substantiol  instructional
information in a visugl format, since visual imagery” has
effect on memory ond information
processing of complex information (e.g:,” Pavio, Smythe
ond Yuille, 1368). For example, representation of sonar
begms {on abstract quantity not seen) con be
accomplished in o visual manner that con be eosily seen

Furthermore, the troining -

and undersiood by the siudent. A 3-D beom image,

similar to o light beam, is an example of an inifisl
familiar context that cen be exponded into appropricte

slrong cognilive representation, the student would be

able 1o rotate his viewpoint of the own ship-—tcsrgei—

To ossist in forming o

beam imaogery in the J-dimensional environment to

provide ¢ better understanding and visualization of the
~Information
obstract visualization should in—-turmn be linked with
pertinent information ovaitable on the oparational sonar
conscle,

Instructional Principles

The research literature is replele with findings pertinent
to the design of instructiong! strategies for applied
training applications.  Moxey et af {1993) provides ¢
summary of many relevant principles, such as learner
centered  control
provision of ossistance only when requested by the
student).
direct  relevance  to  development - of  cognitive
representotions for applied sonar operalor treining,

__during hands—on exercises using operational-like scnor

consoles, are: - -

Instructional process:

Student - free—exploration, within @ quidance

structure; :
. Procedural and non-procedural tasks supported

with qiding informgtion; :

Self-poced, student-selected assistance;

Aiding infermation fo student o reduce errors
during early stages of bosic training;

Reduced aiding during ioter sloges of training,
or of any time, o

Positive guidance when student requests help;

Immediate and delayed reinforcement, - tailored
to student progress;

in this

of instructional information f{ie.,

Examples of principles considered to have




Instructienal Informetion:

Augment operational disploys; :

Address  fundamenial  relglionships  and
operaticnal processes;

Functiona!  information  content,
operational function and task;

Hierarchical, information orgenization,
essential/minimal information at ecch level;

Link with prior .~ classroom  instruction  and
operational manugls;

Provide alternative views of problem situation;

Visual/graphical information  emphasis, using
textual informotion as necessary.

specific  io

These were incorporated into the insiructional strategy
design process under the alternative view approach,

Objective

The objective of the study wos to design and evolugte an
instructional approach for sonar employment training
that provides glterngiive informetion fo the student,
during hends—on sonar trainer exercises, augmenting the
information available on the trainer’s opergtional sonar
console. The information preseniation: emphasis was {o
accentuate the use of visuglization imagery, to better-
gssist the student in. aequiring robust  cognitive
represeniations.

METHODOLOGY

The research wes conducled in the context of gppiied
fraining for the AN/BQQ-5 submarine sonor _system:
Difficult—to—comprehend sonor concepts were identified
with the gssistonce of the stoff at the US. Navgl
Submarine Schook  Instructional giding display concepls
were developed to assist in teaching the understanding
of two sonar procedures: 1) lowed array bearing
ambiquity resolution, and 2) relative motion/target
molion onalysis {TMA).  The displey concepls were
developed to present information in formats believed to
correspond  with  already—developed  sludent interncl
cognitive representations. (i.e., present complex sonar
information in @ visugl manner thot would be ecsily
recognizable by the students). The design approach
combined applied instruclional principles with computer-
based visuclization techniques, fo address _applied
problems. )

The polential value of the aliernaiive view approach wos
assessed ot the Submarine School based on judgments
of eight sonar instructors and students, all of whom

were experienced songr operators.  The dlternalive view

instructional features were illustrated in the contexi of
two opplied sonar {raining scenarios, one each for the_

towed array ond relalive motion/TMA displey designs.
The scenarios were presenied as ¢ serles of events and
student actions, using o sequence of static display
images representing time. slices during the scenarios.
Judgments were elicited  immediately following each
scengrio  presentation, using o structured interview
technigue with o questionnaire. Likeri-type rolings were

used to assess the polentiol merit of the aliernative view

approach and specific features; questions: with open-
ended responses were used io identify issues, conterns
and recommendations,

FINDINGS

The results of the research cccurred in two ports: 1)
instructional straleqy and alternaljve view disploy designs,
and 2) evoluation of the designs. Eoch are addressed
separotely below.

Display Design

The instructional strotegy and aiding displays were
designed around. o hierarchical _infermation - struciure,
providing increasingly detailed information in successive
loyers under student conirol. The specific content was
tailored to selected sonar iraining objectives under each
of the two subject areas. The displays were configured
oround a “windows" format {i.e., assumed most readily
familior computer disploy format), and included several
types of windows for informaticn presentation, dota entry

and feedbock. Elements of the 'training process strategy

included:
Allernglive  views of sonar console
emphasizing graphics. o
Student controt ef qiding information access.
Student had to actively request for incregsing
© informgtion details.
Information conlent was directed towords:
Identification of sonar/iactical parameters:
Parameter definitions and abbreviotions;
Where-to-find dota on sonar console;
Detailed.  guidance  for
DIOCESSES; B
Graphical representation of parameters;
Graphical representation of tactical qids;
Comparison  of  student-determined  versus
actud! porameters; o

information,

procedures  and



Visuglizetion of sonar phenomena.

Feedback information avoilable at any peint in the '

problem.
Student controi. design was for mouse-type of
interface, or similar (e.q., joystick).

A representative frame of the Towed Array disploy is -

presented in Figure 1, showing the primary feclical
display area ond several. nested information windows
(both are noled in the fiqure).
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Figure 1. Towed array disploy example, including the
Qwn Ship Information window, and Where-To~Find and
Answer windows.

A second display example is presenled in Figure 2,
showing a Relative Mation/TMA instructional display with
the Targef information window open.

Both graphical and textual informalion is presented, os
appropriote.  When the sludent desires cssistance as he
progresses through the exercise, he would oclivale the
normally blank ciding disploy loccied alongside the

operational sonor console by moving the mouse. A

bare-bones grophical display would be presenied in the
primary disploy areq, organizing minimal  problem~
relevant information. The own ship—target information in
the primary display area of Figure 2, withoul the Torget
information window overlay, is representative of the initicl
information detail.

The student would obtain cdditional information by
selecting major elements on the display {e.g., clicking on
the larget icon). An information window overlay would
open, such os the Target information window, presenting
the next level of information.  This next level of

infermation ~would also be minimal, requiring student

request for additionat detail.
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Figure 2. Relative  motion/TMA - display - example,
including the Qwn Ship Information window.

The studenl could descend {c successively deeper, and

more complele, levels of information by making
successive requests.  Additional information” would be
presenled in the open windows, .or. additional windows
would open, os appropriate {o {he problem and. requests.
The successive levels of information were designed in

correspondence with the sonar problem solving process.

For example: the hierorchical order of availoble
information  may " be: identificalion  of . relevent
sonar/tactical  parameters, definition” of  acronyms,
location of needed information (i.e., relevant parameters)
on the sonar console displays, functional” steps lo
calculate needed sonar/tactical quaniities, representsiion
of maonual Tactical Aid compulations, and resulting
calculotion answers. - ' T

The student could display odditionai information detall in
any ~window when desired, by seleciing disployed

information ond designating ils destination {e.q., select

farget speed to be displayed cs a vector in the primary
displey or in an information window). As the siudent
manually  calcuistes  the  sonar/tactical  parameler
quontities for the particulor problem, as he normally
would using qrease pencil, he could enter them into the
system, and enable comparative feedback infoermation of
celculated versus actuol values. .

.The troining process is envisioned to be tailored by the

instructor, controlling  availobility of  feotures  and
information.  For example, access fo onswers may be
aliowed of any time early in the course, but constrained




later in the course until af student colculations have .

been entered.  Furthermore, the emphasis is fo
encourage student reliance on the operational senor
console for information, using the alterngtive view

displays only when necessary, or to check on answers.

and progress. - Student use of -the ¢ssistance features
would be outomatically monitored, with summary

information  for the instructor 1o identify siudent

difficuities.

Display Evalualion

The questionnaire collected doto on overall judgments, os
well as specific features and characterisiics of the
instructionat approach and display design features.

Qveralt Potential Effectiveness. The responses to
seven questions importont to  instructer/student
iudgment of potential overall effectiveness are presented
in Figure 3, showing the meen rating for each question
on a scale of 1 to 5 {1 = lowest, and 5 = highest
rating) {Note, the expected meon was 3.0).

QUESTION

Figure 3. Sonar  instructor and  student  overall
judgments of the alternative view instructional opproach.

The questions are:

1. Rate the overall effectiveness of the
instructional aiding displays. {mean = 5.0, 95%
Confidence interval; 5.0 - 5.0).

2. Rcte effecliveness of the displays for providing
instructional ossistance alongside an operational
sonar console for individual training in the lab,
(meon) = 4875, 95% Confidence Interval: 4.63
-50).

3. Role effectiveness of the disploys for allowing
the student to control occess to. instructional

information —— when he wonts it, gnd which

Tinformation he wdnts. (mean =

4875, 95%
Confidence Intarval: 4.63 - 5.0} .

4. How does this type of display compare with ihe

traditional traier instructional ‘methods, media

and qids? {mean = 4875, 95% Confidence
Interval: 4.63 - 5.0} ' L
5. How does this type of display compare with the
“Hraditional  classroom _instructional  methods,
media ond qids? (meon = 4.75, 95%
Confidence Interval: 4.43 - 5.0).

6. Rate the overall effectiveness of the relative
motion/TMA instructionsl  oid for  ossisting
student legrning  and- opplication of relgtive

~miotion/TMA to ‘soner employment. (mean =
45, 95% Confidence Inlerval: 3.98 = 5.0).

7. Rale the overoll effectiveness of the relative

motion/TMA instructional  aid  for  assisting
student learning of bearing ombiguity resolution,
ond calculation of D/E angle. (mean = 4.625,.
5% Confidence Intervel: 4.11 = 5.0).

As evidenced by the data in Figure 3, the sonar
instructors and students judged the potentia! volue of
the alternglive view insiructional oiding approach os very
high, with the mean ratings ofl above 4.0. (Note, the
lower confidence fimits for 5 of the 6 means were also
chove 4.0, in. comparison with the expected mean of
30). These high ratings express the need for
instructional medio that con assist in cddressing the

‘complex sonar concepts, as well as confirm the potential

effectiveness of the alternotive view approach.

Effectiveness of Specific Characteristics.. The. high
approval ratings were due lo characteristics of the medio
tailored fo meet specific needs of sonar training, aibeit
in concert with quidonce obtained from the research.

" literature and the alternalive view instructional approoch.

Exomples of the instructor/student judgments of specific

‘choracteristics, also providing insight into display design
_features, are presented in- Fiqure 4,

addressing the
following questions: S

Questions & - 11. Rote the potential troining
effectiveness of this training oid in.. . . —
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..assisting the siudeni tfo locate relevont
information on the AN/BQQ-5 console. (mean
= 4.63, 95% Confidence Interval: 4.11 ~ 5.0,

9. ..quiding the sludent to learn and perform
sonar tactical calculstions. (mean = 4.88, 95%
Confidence Interval: 4.63 - 5.0).

10, ..quiding the student to learn and perform
sonar tacticot problems using the Tactical Aids.
(megn = 4.88, 95% Confidence Interval; 4.63 -
5.0).

1. ..understanding sonar .employment concepis
and tasks. (meon = 4.63, 95% Confidence
Interval: 4.11 = 5.0).

12. Rote effecliveness of top-down information

access  approach,  providing  increasing
information  detail with  successive student
requests. (mean = 5.0, 95% Conflidence

Interval: 5.0 - 5.0).

13. How important is the student entry of generated
data? (mean = 5.0, 95% Confidence Interval:
5.0 - 5.0).
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Figure 4. Judged effectiveness of exomple display
characteristics

The dota presented in Figure 4 directly cddress several
of the troining process design elements identified eurlier
in this poper. The very positive instructor/student
judgments emphasize the potential viahifity of these for
sonar training, and approval for the implementation
opproach.

Certoin feotures were nol roted highly. For exomple, the
mouse inferface received widely varying judgments.

Some instructors/students rated it highly, while others
preferred another type of control, such as o trackball or
joystick. Nevertheless, most fectures Mustrated receved
high judgment ratings. This finding refiects the tailoring

Grophical Representation.  The imporlonce  of
providing visual representations of the underlying toctical
representation along with procedural

identifying visualization imagery (graphics) os the most
importanl  feature  (ie, 69% of  rasponses).

improvements suggested by the instructors/students oiso

- of instructione! feclures designs to the identiied needs'
-~ of submarine sonar lraining.

information wos .
- underscored by the lorge percentoge of responses

emphasized visual imagery, with 36% of the suggestions

pertoining {o disploy design.
Other  Findings. Other

student needs by providing assistance information to
students at the time they need #, and fo the extent they
desire. 7
multi-student  slation  laboratory,  encbling  applied
indivicual ~ student training using operational  sonar
consoles, and also providing instructional gssistance to
the level needed for euch student,

responses ~ cited  the
- instructional ciding approach as effectively addressing

This cpproach would augment the insiructor in o

The instructors/students were asked to judge the overel

“effecliveness of ine sirotegy and displays for Basic,.

Advanced ond LCPQO sonar courses. High mean ralings
were found for il courses (i.e., mean of 4.5 and above),

They were highest for the Basic course, and. decreosing.

in order for the Advanced course and the LCPO course.
This suggests the fraining ossistonce ‘is most needed
when' learning, or re-learning the songr concepts ond
their  applications. Once the concepls oare well
undersiood and the operdiors are proficient in {heir use,

this {ype of assistarce during troining sessions is of less

importarice. This coincides with the training emphasis to

use the operational displays os the primary information

sources, and use the instructional displays only when
necessary. - .

CONCLUSIONS AND RECOMMENDATIONS

The consistently high . judgment ratings gqiven o the
overall training epproach, and majer and minor elements
of the prototype displays; indicate the alterngiive view
instructional approach has strong potential to enhance
sonor employment training.  The generic strategy and
individual displays are approprioie in each of the sonar




employment courses: Basic, Advanced and Leading Chief
Pelly Officer (LCPO). The implemenied exemple features
would, however,
training.

The towed array and relative motion/TMA instructional
displays oppear o be reasonable prototypes for further
development and dynomic eveluation during applied senor
training. Over three quarters of the features questioned
received high judgment rotings, wih the remainder
receiving-averoge to cbove cverage ratings, - - -

Three feaiures of the prototype displays stend oul as
having distinclive potential effectiveness for enhancing
sonar - employment iraining using the approach under
developmeni:

Visualization imagery of the difficult-to-perceive
sonar concepis;

Emphasis on oddressing ond meeling student needs
during the training process; }

An intuitive tearning process tailored to the student,
and sonar employment {rgining.

The melhodology of the alternative view™ approach (ie.,
augmenting operational conscle  displays, composed
around major information windows, and keyed 1o the
perticular sonar problem) is expected o be an effective
information access and presentation model for sonor
employment training in the opplied sonar laboratory
context.  The lop-down information access siructure,
with nesied widows for presenting the student-selecled
hierarchical levels of information, should be an effective
strategy. The information - presentation  formais,
combining  graphical ond textual information  os
appropriate to the exercise and student prablem solving
techniques in- concert with the instructional strateqy,
should focilitate student use of the instructional
assistance infermation.

The requirement for, and ollowance of, direct student
control over the {raining information aqccess is an
important component of the iraining cpproach, having
received high gpproval.:
active participant in the instructional process, and
assists in focusing instructional assistance when and
where needed.

The findings of this siudy demonstrate o need for
incorporation of advanced instructional {echnclogies into

the applied training context, such as songr employment -

be most applicable to Besic soner

(1993).

Kleim G.A.

This results in the studeni as an

troining  with  opergtional  consoles, {0 augment
information provided on the operational equipmenl. - This
is emphasized for courses in which complex concepls
ond their application are being initially learned, and for
courses in which they ore being ra-learned . after
students/operators had been away for some time.

The instructional strategy and displays, keying on familior
student  cognitive  representations  and visuglizetion
imagery to assist in developing robust cognitive
representations of the operotlonol sysiem was found o
have strong potential to improve the effectiveness of .
opplied  troining  dealing with  difficult” concepis.
implementalion of o dynamic prolotype of this
instructional approach in opplied sonar training is
recommended 1o evalucte ils troining effectiveness.
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