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SIGNALING TONE SIMULATION IN AN EMERGING COMMUNICATIONS SYSTEM
IMPLICATIONS FOR TRAINING AND UTILIZATION

LARRY A, PETERSON
US Army Human Engineering Laboratory

SUMMARY

The implications of early simulation of
emergent electronics systems are discussed,
The effect of simulation on training programs
and system usage in the field are illustrated
by a recent experiment involving a new mili-
tary communications system. Potential
savings in money and time are identified, as
well as increased system effectiveness as a
result of early system evaluation. Early
simuiation is shown to significantiy contrib-
ute to: (1) more cost effective training;
(2} identification of problem areas within
the system; {3) a realistic appraisal of
system performance; (4) possible improvement
of overall system effectiveness; and {5)
savings in time throughout the systems Tife
cycie,

The purpose of some aspects of training
is, unfortunately, too often seen as a remed-
ial effort to teach someone how to use a piece
of equipment or a system which should not have
been fielded in the first place (at least in
its present form). No matter how cost effec-
tive the training process becomes, it cannot
produce skilled personnel if the systems they
are to work with are too complicated for
anybody to ever use them effectively. As
General John J. Hennessey said in Signal
Magazine (March 77 Tssue{ "Too often we dis-
cover that the success of the tactical
system is the result of the extraordinary
effort of our dedicated men and women over-
coming, rather than being aided by, their
equipment." It's a case of "if you're not
part of the solution, you're part of the
problem"” and in order to get maximum benefit
from the problem of equipment, the ideal
situation would be to have a minimum amount
of complex things to teach,

However, as we're all aware, it's seldom
SQ.

Tasks in the "Age of Electronics" are
becoming more intricate with each new item of
equipment, and the total effect of this trend
is certainly not 1ikely to make training
people in the Tuture any easier. What I
would 1ike to demonstrate here is a way in
which early simulation of new systems can be
used to substantially reduce training prob-
lems and increase effectiveness of the user
and the system. As an example, I will use a
study in which early simulation of the
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signaling tones to be used in a new tri-
service tactical telephone system was exam-
Through electronic simulation of the
"real-worTd" way in which this system was to
be used, not only was a significantly earlier
evaluation of this system possible but also
potential training aids, possible problems,
and their effects on user performance could
be compared.

- What emerged from the study were five key
issues:

1. Cost effective training begins in
early system development - in other words,
system development shouTd interact with |
user training and doctrine requirements to
produce a system with the fewest possible
training problems. :

2. Early simulation can identify potential
areas ot concern in terms of training and
use - the cost of early simulation can be
more than recovered in terms of permitting
extra lead time for designing training
methods and procedures to deal with learning
the system, rather than having to “patch up"
an inappropriate procedure or training aid.

3. Simulation + User Input = Realistic
Appraisal - too often the constraints of the
system development process prevent an
accurate assessment of the best way to show
Simulating use with
actual military personnel allows formation
of a more accurate picture of the learning
process and can Tead to development of a .
realistic method for teaching military users.

4, HFE % Training = System Effectiveness -
if Human Factors Engineering (to provide an
easily used system capable of quickly and
efficiently performing its function}) can be
cambined with proper training for the user
to perform those tasks necessary to operate
the system, the result will more than justify
the effort involved.

5. Time, the Irreplaceable Resource - The
most valuable resource to be saved through
early sfmulation is time. Growth in 1ife
cycle costs increases tremendously in the

later stages of system development and de-

ployment. A minor correction on an earlier
prototype {or, most effectively, on a blue-
print) could result in saving truly stag-
gering sums of money as well as considerably



increasing the value of the system to the
nation's defense effort, No resource is as
critical {or as expensive) ag time, and if
a simulation device can be used in place of
an enormously expensive and sometimes not
yet fielded piece of equipment to take an
early look at a system, so much the better.

As an example, a new DOD communications
system s being produced which uses signaling
tones during a telephone call to indicate to
the user the status of his call. This system
has many of the familiar tones such as dial
tone, ringback, and busy signal, and it also
has a number of unique tones associated with
various calling features such as muttiple
conferencing, call transfer and nonsecure
warning tone. As new features were added to.
this system, the total number of tones that
could be presented to the user during a cail
reached 16, As an aside, it should be added
that this 'is not a unique example within the
field of communications, but rather it is
typical of current trends among many elec-
tronics manufacturers - reflecting din-
creasing system complexity with increasing
interface complexity, a consequence which
need not and indeed should not follow.

In order to take an in-depth look at this
system, it was necessary to construct a
simulation device which could deliver the
correct tones during an actual telephone call
sttuation. Due to the astronomical cost of
the digital switching system jtself, as well
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as the Togistics problems involved in tying
up a system which had not yet been completely
finished, simulation was an inexpensive means
to provide a test vehicle for evaluation.

The principal apparatus used in this study

is 11Tustrated in Figure 1.

This apparatus was built using common
pooled equipment from an electronics shop
which services the various directorates of
our Taboratory. A minimum of new construc-
tion was made, in an effort to keep costs
of the final system as Tow as possible. .

Since the new digital system will re- ~
place an existing analog set-up, it was also.
necessary to simulate the current analog
system in order to obtain some idea of what.
difficulties would be encountered during the
period of transition - i.e., for a consider-
able time, while the new systems are .being
fielded, subscribers may have to deal with.
both sets of sfgnaling tones {analog and
digital). )

The signaling tones were stored on a
Honeywell Model 5600B 14-channel analog data
recorder, which was used in the playback mode
during testing. Each participant used a
TA-341 telephone set to initiate and receive
simulated calls. ATthough the tones were
presented to the participants on a self-
initiated basis, the actual tones to be .
presented were controlled by the experimenter
through the use of the Tone Controlier

TONE CONTROLLER . - ' -

TA-341 TELEPHONE SET

Figure 1. Principal Apparatus



{(selector) 1. For example, the participants
were Told to initiate a call to telephone
nunber 60T. The experimenter would set the
*hook circuit switch® to Channel No. 1 and
the "key circuit switch" to Channel No. 4.

As each participant went off hook, an
electronically operated switch in the Tone
Selector closed the "hook circuit,”® which

. played back a continuous 425-Hz tone (dial
tone) into the participants® headset re-
ceiver, The participant then keyed in the
digits 60). The keying of digit "6" caused
the "hook circuit" to open, cancelling the
dial tone. Keying the digit "1" closed the
"key circuit," which played back 570 Hz, 2
seconds on, 4 seconds off (normal ringback
tone). Replacing the receiver on its cradie
opened the key channel, cancelling the ring-
back tone.

The study was divided into two test perijods
{Phase I and Phase II) separated by a 30-day
rest period. The general test procedure is
iTlustrated in Figure 2.

The "basic" conditions were those which
the user would encounter during a normal
call. As indicated in Figures 3 and 4,
these include such things as dial tone, ring-
back and busy signals. The "full service"
conditions utilized the full capabilities of
the system and jnciuded tones for such fea-

tures as call transfer dial tone (situation
number 18), broadcast conference notification
tone (15) and others as noted. - .

The Phase I test period was concerned -
with acquisition of initial proficiency, and
identification of the signaling system's -
problem areas. The Phase IT test period was
purposely scheduled after a long period where
the participants received no practice and/or
training related to the study. This was in -
order to address the question of how long the
participants would retain their proficiency.

The two test periods were structured
similarly; first testing on the two basic
conditions, then on the two full-service con-
ditions, One of the two participant groups
was assigned to analog test conditions only,”
the other to digital test conditions only.
The resulting arrangement simulated sub-
scribers first being subjected to the basic-
tone situations and later, after having
gained experience with the system, moving on
to use the fyll services on the same tele- .
phone instrument (analog or digital). This *
test design was considered realistic for the
full-service subscriber who would first
familiarize himself with the basic services -
before attempting to use any of the more
sophisticated features, The test design
also allowed for isolating and evaluating how
well subscribers would use the basic ser-
vices,

ol ———————————PHASE | TEST PERICD

(2 WEEXS) -

e —————PHASE 11 TEST PER!Ofmrrr—rrree— Pee

{1 WEEK}

30-DAY
BASIC CONDITIONS FULL-SERVICE CONDITIGNS REST 8AS (C CONDITEONS FULL-SERVICE CONDITIONS
PER10D
TRAINING | TESTING Q AND A TESTING Q AN A TESTING TESTING
PER10D INTERVAL PER 10D INTERVAL PER 10D INTERVAL INTERVAL
5 GROUP—TPBA CONDITION P o cono1TION \’BA COND I T1oN—JBFA CONDITION
;;RGUP-—--’BD CONDITION FD CONDITION Peo CDNDITI'ON—?FD CONDITION

—.

Figure 2. General test procedure

1For complete details on this apparatus, see:
Wolfe, 0. C. Apparatus for telephone tone

study, HEL Technical Note 5-76, September 1976.



Twelve military personnel (five offi-
cers, seven enlisted) from the 42d Trans-
portation Bn, Ft. Meade, MD, participated in
this study. Due to the nature of the study,
it was necessary that the participants have
normal hearing and tone acuity. Since in-
telligence scores were needed for purposes of
possible correlation with speed and ease of
Tearning, each participant was given the
0tis Quick-Scoring Mental Ability Test (high
school, Form A). The range of IQ scores was
82 through 124 {mean IQ was 107). The
participants were matched by tested IQ level
and randomly assigned to either analog or -
digital conditions.

The procedure followed for each simu-
Tated call in the test runs was basically the
same. The participants were directed to
pTace or respond to some specific simulated
call. They were given the opportunity to
review the abbreviated and/or detailed
written.instructions on the call-processing
features, During the call process, the
participants would receive a signaling tone.
At this point, they would choose an answer
from their 1ist of possible answers and mark
it on their answer sheets. After all partic~
ipants had put down their answers, the ex-
perimenter told them the best answer. This
form of reinforcement was considered analo-
gous to the "experienced-user advice" usually
available to the novice subscriber. After
a1l disecyussion on the "best answer" was -
completed, the participants would wait for
further instructions from the experimenter.

Three levéls of response quality were
used to allow the participants o express
incremental advances in learning., The three
lTevels were defined as follows:

Level One: acceptable but less-than-
satisfactory responses. At this level a
correct response demonstrated that the
participant knew the correct basic reaction
to a tone, but had no real understanding of
its meaning (e.g., hang up, but you're not
sure why).

Level Two: satisfactory responses. At
this Tevel, a correct response demonstrated
that the participant knew the correct tone
reaction and its general meaning (hang
UP «e. SOmething is busy -- eithear the line,
the trunks or the special service requested -
you don't know which)}.

Level Three: more-than-satisfactory
responses. A correct response at this level
showed that the participant also understood
some of the signaling~system nuances that
were not crucial to subscriber effectiveness,
but which were beneficial. (Hang up ... the
number called (1ine) is busy.)
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For both analog and digital conditions,
participants showed a significant degradation
in performance when transitioning from basic
to full-service levels. 10 was highly corre-
Tated with the number of trials to reach
criterion at each Tevel; a higher score on
the general intelligence test indicated that
fewer trials would be needed to reach crite-
rion. Certain tone conditions demonstrated
noticeable deviation from the mean (>>1) and
were tentatively identified as presenting
obstacles to complete mastery of the system.

As can be seen in Figures 3 and 4, the
participants had difficulty with certain of
the tone sftuations involved in each of the
conditions.

As the number of tones and tone situa-
tions increased from basic to full-service,
participants experienced difficulty not only
in learning new tones, but also in retaining
previously learned material. This inhibition
to learning was greater for certain tones and
tone combinations.

In Figure 4, for example, the preempt
tone in the basic digital (BD) condition re-
quired 11 trials before the participants
reached criterion. In the full-service digi-
tal (FD) condition, the normal time to vreach
a level-two response criterion for the same
tone was only two trials; however, during a

.conference call (situation 22) it required 11

trials before the participants learned to
differentiate between the preempt tone and
an alternative possibility (situation 20,
conferee disconnect). The preempt tone is a

-1%-second burst of 440/620 Hz dual tone,

while conferee discomnect cohsists of a
T-second burst of dual 480/620 Hz tone, only
a2 40 Hz difference. Conferee disconnect tone
was rated as one of the three most difficult
tones by 10 out of the 11 participants who
completed the questionnaires at the end of
Phase II testing. -

Another situation of concern to the
participants was the 1-second duration of the
conference-notification tones. Because the
tones are presented immediately as the re-
ceiver is 1ifted off-hook, the participants
frequently noted that, unless they put the
receivers to their ears while sti1l holding
down the interlock device on top of the
phone and then Tifted their fingers from the
phone, it was very difficult to hear a suffi-
cient amount of the tone to discern whether
it was a preprogrammed--conference or broad-
cast-conference notification tone. "Since it
is unTikely that this will become standard
operational procedure for answering the
tetephone, it is apparent that some modifi-
cations was called for in the area.



Written instructions were presented in
two forms, a one-page set of brief instrue-
tions which gave only a minimal description
of call processing information, and a de-
tailed set which gave elaborated instructions
combined with a narrative description of the
frequency and cycling rate of the tones in-
volved.

Of the 11 participants who completed the
questionnaire, five preferred the abbreviated
instructions, and six preferred the detailed
instructions. The lack of clear preference,
combined with the Tength of time required to
master the full-service conditions, tends to
‘suggest that neither version is particularly

effective in transmititing the needed informa-
tion. It can be anticipated that the more
traditional type of written instruction, such
as was used in this study, will probably be
at least somewhat inadequate to the task of
teaching the new subscriber how to use the
system.

In general, the study served to illus-
trate the {importance of early simulation of
complex systems as a method for realistic .
evaluation and remediation. In terms of the
key issues raised earlier:

{1) Cost effective training - early
simulation of this system permitted the

TRIALS TO CRITERION BY TONES

L ] Tlt'(LEVEL 2)
5 1 10 15 20 25
I ) I 1 1
SIT. NO. _BA !
1 dial tone L!
4  normal ringback :
5 converter ringback :
2 line busy f )
3 trunk busy J:
8 error | :
7  lockout {
9 preempt } *=8.44
10 preempt/line busy —] |I g =218
— :
1 dial tome \\\\\\\\\\W :
4 normal ringback W 1
5 converter ringback - |
2 line busy A ! <\ sasic
3 trunk busy \\\\\?’: : Q\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\R\
8 error R
q ]
7 lockout \\\\\‘\\ o S
9 Preempt \k\\\\\\\\\\\\\\\\\\\\‘
10 preempt/line busy ‘&\\\\\ S
13 recall &\\\\\\\\\\\\\\\‘“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1
20 conferee disconnect >
15 broadcast conf tone m
16 preprogram conf tome f
19 CT request/trunk busy :
17 CT request/CT dial }
18  0ff-hook/CT dial tone :
14 no tone after recall _—_@ i
21  PC request/norm ring : X
22 preempt during conf : &\\\i\t‘s
; LEVELQ,.LEVEL§
x *=8.68 ¥=12 .47
g =6.20 O =6.72

Figure 3.

Trials to criterion by tones--analog conditions
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development of a relatively inexpansive
training device which can be modified and
improved for use with this and other systems.
Requests have already come in from Army
training facitities for information about
this device. By extending the lead-time

for producing a training aid, significant
increases in quality and effectiveness can
be gained.

(2} Identifying potential areas of con-
cern - probTems of complexity and training
methodology emerged much earlier than they
would have without simulation. This will
permit the expenditure of extra remediational
efforts in those areas where they will do the

most good. Hopefully, a combination of
system "fixes," combined with development of
more effective aids to lTearning the system
(e.g., perhaps flow-charting the instruc-
tionsi, will result in the fielding of a
system which is "part of the solution" to
reducing the complexity of the military
electronics environment.

{3} Realistic appraisal - use of mili-
tary participants fn a simuTated operational
exercise was essential. Too often, systems
are evaluated by the engineers who built them
and the government representatives who helped
monitor the design and fabrication process,
It's Tike trying to proofread a term paper

IALS T CRITERION B
= .
1
]
5 10 15 20 - 25
SIT. NO. BD i :I T 1
1
1 dial tone !
4 pormal ringback :
3 converter ringback :
2 line busy I 1
i
3 trunk busy : _l
8 error ;
11 non-secure warning I H —
i .
9 preempt ; =030
6 digital ringback + 1 o=2.83
12 crypto alarm !
FD
1 dial tone
4  normal ringback
5 converter ringback
2 line busy
3 trunk busy . BASIC
8 error N TONES
11 non—secure warning
g preempt
6 digital ringback 3 y -
12 crypto alarm '
22  preempt during conf :
20 conferee disconnect :
13 recall tome
15 broadcast conf ‘\§\\\
16 preprogrammed conf ‘\\
19 TBE after CT request :
1
15 cmor stees offnack ¥ N
14 no tone after recall m : 1\\\\\\\\\\\\\\\\
L
21 normal R{PC request) | AT LEVEL =
[ S
¥=9.25 Y-—12 515
=72 O =7.36

Figure 4,
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Trials to criterion by tones--digital conditions



SUBJECT TA-341 TELEPHONE SET
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14 CHANNEL
RECORDER

(TONE SOURCE)

Figure 5. General apparatus arrangement



CONDITIONS

X =17.67, 0= 2.94
X =16.00,0 = 6.45
X = 8.50, o = 5.54
X = 12.83, g = 7.30
X =3.00,0 = 1.73
X =7.20,0 = 2.68
X =3.00,c = .89
X=7.16, o=1.94

NUMBER OF TRIALS TO CRITERION

5 10 15 20 25
i ] 1 1
PHASE |
BA
| |
i G
| I
FA
1 1
Y -
] ]
[} 1
BD
] i
b e = — _.I ______ 4
i ]
¥ 1
FD
1 [
b o , _______ i
I 1
1 H
PHASE I
BA
| 1
t—[--
{ i
| FA |
I_._.._I_.___II
1 1
] 1
B0 | _+_ TMEAN)
n.-l__u
: : :—---{ 5 (STANDARD DEVIATION)
, FP
L-|-d
1 1
] ]
Figure 6. Trials to criterion as a function of condition

and Tevel of treatment--Phase I and II

370

¢



St T e TR R T At

R

RILLLEE . A B

pi e UL B

that took months to research and write - you
tend to fail to perceive what will go through
the mind of the naive reader, and you fre-
guently omft information which is well-known
to you but unknown to the reader, Similarly,
engineers and scientists quite often forget
that the majority of eventual users of their
products are interested in the device as a
means to accomplish a mission, rather than

an end product in {tself. If you need a jeep
to get through the mud, a Rolls-Royce will be
of Tittle value even if it 1s a much more
mechanically sophisticated example of the
genre,

{4} System effectiveness - early simu-
lation of emerdgent systems can result in a
more effective program of training and utili-
zation. Good human factors input and de-
velopment of appropriate training aids can
combine to make the man-machine interface
with a new system a pleasure instead of a
chore. And a system that's easy to under-

stand and use in peacetime conditions will
be an absolute asset in times of conflict.

(5} Time - to be used effectively, the
resource of time requires that a system and
its interaction in a realistic environment
with the user be examined as eariy as
possible.

In summary, time can neither be created
nor destroyed, it can oniy be spent produc-
tively, It is my intent in having presented
this analysis to illustrate a use of simula-
tion devices which permits the most effective
fspending" of this most valuable resource.
Through a combination of good human factors
input during development, early simulation,
and effective training procedures, maximum
value will be obtained in terms of the re-
sources expended,

Simulation can be more than a training
methodoTogy - it can be an invaluable re-
source in itself.
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