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ABSTRACT

Reports from the fileld iadicated that German Shepherd scout dogs had been
observed to alert on mloes, tripwires and other man-made artificts. The pur-
pese of the following program was to explore the feasibility of training such
animals speclifically to the tasks of detecting mine/triowires and tunnels, by
means of technigues that were sufficiently objeciive to permit instruction of
military handlers in their use.

A six month feasibility study was conducted at the Behavior Systems In-
corporated Research Station In Ralelgh, North Carolina. Procedures and prac-
tices derived from the formal study of animal behavior were used throughout
the pregram. Feastbility was established as a result of a demonstration while
at Ft. Gordon, Georgiz on July 18, 1968. V¥or details of the demonstration see
Appendix A.

Because »f the success of this first phase of the problem, a second six
meaths of work was initiuted with the objective of tralning an army sceout dog
platoon for the capability of mine/tripwire and tunnel detection. This work
was conducted at Ft., CGordon, Georgla, using essentianlly the same techniques
as ¢those developed during the feasibility study. The platoon was judged ready
and deployed to Vietnam april 20, 1969.

An additional 3 month program was undertaken to study the feasibility of
cross-training tunnel and persocnnel derection dogs. The results of this work
were ambiguous.
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INTRODUCT LON

The report to follow will consist of several major parts. Part 1 is a
brief review of the general background concerning the uvse of animals for un-
usual tasks, and, din particular, the use of the dog for military applications.
Part Il will outline the scope of the program as carried out under the con-
tract. Parts III and IV will give details of the two major phases of the pro-
gram. Part V will discuss the conclusions drawn from the program and recom~
mendations for future operational programs of thisz type, 1In Parec VI, the ap-
pendices, 1s a rather detailed analysis of an Iinvestigation to determine the
feasibility of cross~training Tunnel Detecting dogs and Personnel Detecting
dogs. The level of analysis in this appendix is quite deep simply because
this portion of the program gave ambiguous results, and we would like to set
dowa in writing all the procedures used, so that in the future other investi-
gators would not repeat the same errors.

On the other hand both Phase I and Phase II which accounted for 987 of
the program were judged to be successful. Therefore, the same level of anal-
gsis 1s unwarranted in this report. The reader, who wishes to determine the
detalls of the successful tralning program should consult the training manual
for this contract.




o REVIEW OF THY LT TERATURE

The relationship betwesn man and animal, and in particolar man's uei-
ifzation of the lower species can be traced as far back as the earliest re-
corded history. The use of the brute force of animals was probably one of the
first applications, however, as Ulrich, Stachnik and Mabry (1966) conclude:

" ... Unce we ecaperly left back-breaking physical tasks
te animals better suited to perform them: today we
might hope that animals will be allowed te relieve us
of some of the more odious 'intellectual' tasks on
which the capabilities of human beilngs for extremelv
complex judgments and decisions are wasted."

Ordinarily one would <xpect that with the increase in technologlcal in-
novations the need for animals would be reduced. Certainly the effects of
automation serve to reduce the need for man io many work situations. The para-
dox, nowever, is that this technological and scientific revolution has aliowed
us to make move efficient use of animals. Truindng procedures, methods and
equipment have been developed to such an extent that for manv problems the most
ef ficient solution is not a machine, nor a man, but a man-machine trained animai.

Concurrently with the developaent of new techniques the mllitary has also
developed a new set of problems in modern warfare, many of which seem capable
of solution by the new man-machine tralned organism (M-M-T-0). However, one
should recognize at the very outset that the problems in this category do not
warrant the M-M-T-0 solution simplv because thev are routine, dull and monotonous
for the human, or expensive for the machine, but rather in many instances are a
substitute for a human casualtv. The trade-off equations comparing the M-M-T-0
system and the alternative systems must place heavy weighting on the fact that
the M-M-T-0 greatly reduces human risk.

For our particular problem concerning the use of dogs to detect mines,
booby traps, tripwires ana tunnels, there exists verv little unclassified rele-
vant research and literature.

That dogs can be successfully trained as personnel detectors has been dem .
onstrated in a varietv of situations. Most recentlv, and directly to the point
at issue, 1is work done by the Canine Laboratury of the University of Maryland
under contract with the Limi'vd Wur laboratory. They have tralned and demon-
strated the utility for this purpose of German Shepherd tvpe dogs under actual
field-combat conditions. Although this demonstration was limited in scope
there are also reports from the field that these same animals alerted on mines,
tripwires and other artifacts ussociated with iuman scent. It is, in fact, most
likelvy that these animals were responding to scent. Their capabilitv In this
modality and the possibilities of employing these capabilities are discussed in
two recent reports (2, 3). A popular arnd somewhat overwritten report of their
promise can be found in a4 recent article by Albino (4).

Orher reports, main!v classiried, coming from the work done in Engiand in
the 1950's, and the work ot Fore felvoir, and recent work also at the Army's
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Limited War FLaboratory, indicate chat the aog may perform a valuable service
in the detection of mines, booby traps, tripwires, and tunnels. Nevertheless,
it 18 stilld necessary to have an unambiguous demonstration of these capabili-
ties, a demonstration contrive. after extensive specific training, utilizing
the best of current sclentific procedures and practice.




IT. SCOPE OF THE PROGRAM

The overall obijective of the program was to determine the feagibility of
training dogs to detect mines, booby traps, tvipwires and tunnels. The first
six months of the program, Phase I, weve conducted {n Raleigh at the Behavior
Systems Incorporated Fleld Statdon. If feasibility could be established, then
Phase IT wouid follow. FPhuse IL consisted of training 24 dogs and army handlers
at the U. &, Army Ft. Govdon factlity. At the successful completion of Phase 1
and Phase II, which ended the comtractor's responaibility on the program, the
dogs and men were sent to Viectnan for operational evaluation.

dverall, then, rhe contracted program was divided into the two phases dis-
cussed abow, and further subdivided into «wo tasks for each phase. Task 1
concerned itself wirh the training of tunnel dogs; anc¢ Task 11 concerned itself
with the task of training dogs to detect mines, booby-traps and tripwires. Sche-
matically then the program was a 2x2 factorial design as represented below:

Phase 1 Task I -~ Tunrel Deteciing Dogs
Feasibility
at Raleigh Task L1 -~ Mipe, Booby~trap and
Tripwire Detecting Dogs
Phase 11X Task I - Tummel Detecting Dogs
Operational Training
at Ft. Gordon Task IT - Mine, Booby-trap and

Tripwire Detecting Dogs

- T G NN ot TRpe




[IL. PHASE T — FEASIBILITY STUDY

A. WORK PERFCRMED
TASK I - Tunnel Detecting Dogs

Facilitles were constructed to house and maintain 12 dogs. After sowe
selection 12 German Shepherd type dogs were procured. These dogs were be-
rweern 8 and L8 months of age. They were subjected to veterinarian exarina-
tion prior to being introduced into the program and were judged to be, in
general, healthy, and free of potentfally disabiing jolnt anomalies guch as
hip displasia as shown by X-ray. (Very light colored dogs weve also excluded.)
In adaitiom, before beginning tralning all dogs were tested for thelr "fitness'
for training according to the following critveria:

(1) Dogs should not be excessively aggressive nor yet
excessively shy and timid.

(2) Dogs should show evidence of inquisitiveness, with
a deslre to explere the environment.

Once the 12 dogs were selected, the following performance requiremants
weve demanded and met:

(1) Train all dogs in hasic and off-leash obedience.

(2) Training dogs to search fov, detect and respond to tunnel
openings into sther ground cavities. Training for capability
to detect camouflaged as well as uncamouflaged tunnel open-
ings. Provide at least one truc tunnel (sub-terrancan pas-
sageway) comparable to a typical Viet Cong tunnel, with multiole
openings, tor training purposes. Other excavations of varyilng
dimensions and configurations were provided by the contractor
for training purposes as requires.

(3) Train dogs to work both on-leash and off-leash while searcaing
for tunnel openings.

(4) Train dogs to make a specific response in immediate proximity
to tunnel openings and openings into other ground cavities.
The specific response used was a sit response within a radius
of 2 feet of the tunnel opening.

Training techniques were developed to achieve the above requirements.
Basically food reinforcement coupled with techniques of approximation wert.
employed. Table 1 shows the level of achievement reached by those dogs oot
pleting Phase 1. The apecific step by step procedures ave described in the
training manusl.

A successfu} demons*ration of the results of these procedures was dis-
played at Ft. Gordon on July 18, 1968, Details of this demonstration are
presentad 1 Appendix Al




TARLE 1

Tunnel Dogs Completing Phase T

Last Grade! Performance during last week of Training
Name .. in Tratniog total targecs % detecuiony
wWolf b W) 92
Junior 2 90 7
{mage 4 4% 913
Candy & 9 8§84
Schnupps 2 39 70
Happy h Q0 72
Shotz 4 IAY 2
Sarge 4 80 84

'All training stimuli were divided into five standardfzed groups, with each
group Yepresenting a diffcrent degree of visual, tactile, and ocifactory con-
cealment. In Grade 1, completely visible stimuli were ased. Tn Grade 5,
every elfort was made to eliminate tactlle and visual cues without regard to
the concequent suppression of olfactory cues.

TASK IT - Mine, Booby-trap and Tripwire Detecting Dogs

Task 11 of Phase I had as its major objective to detexmine the feasi~
bility of training dogs to detect mines, booby-traps and tripwives. Tails
task was run parallel to Task I - Tunnel Detecting dog training. Twelve
dogs were selected in a similar manrer to Task I, described earlier, and pro-
vided with the necessary kenneling space. After selection and adaptation to
their new environment the following objectives were sought:

(1) Trair all dogs in basic and advanced (off-leash) obedience.
Tralning dogs to search for, detect, and respond to mines,
booby~traps and tripwires«. The contractor simulated Viet Cong
material. Mines were both above-ground, and buried in the
ground.

{(2Z) Train dogs to work off-leash up to a distance of 100 meters
from the handler, while searching for mines, booby—~traps and
tripwires.

{3) Train dogs to make a specific response to the presence of a
mine, booby~trap, or tripwire, at the target. The response
will be compatible with use of a dog—-carried motion-sensing
radio transmitter. Motion-sensing radio trarsmitters, special
harnesses and matching radic receivers are te be used as a
dog-~handler common link to permit continuous monitoring of
the dog 1f 1t goues out of the handler's sight.

Again, the specific detecticn response that was trained was a sit ve-

sponse within two feet of the artifact of ince-<est. Tabie Z shows the pev-
formance of the dogs completing Phase 1.
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TABLE 2

Mine Dogs Completing Phase 1

Last Grade! Performance during last week of Training
Name in Training Total tarpets Z detections
Hetldi 5 44 82
Jack 5 30 80
Panther 5 32 72
Cisco 4 58 79
Toby 5 39 79
Bonnie 4 53 77
Suzy 5 48 74
King 5 37 37

'See Table 1 for explanation of Crade.

The techniques developed to accomplish the above were successfully dem-
onstrated (See Appendix A) at Ft. Gordon on July 18, 1968. These techniques,
once again, can be found in the training manual.

Some attenpt was made to test the reliability of the dog's performance
by running two of them, after two weeks rest, on tralls 24 hours,; 48 hours,
and 2 weeks old. The results of this experiment are shown in Table 3.

TABLE 3

Detection Tests Following a
Two Week Period of Rest

Time between setting Jack Tobv
of trail and run Total targets % detections Total targets 7 detections
Fresh trails 16 87 16 87
24 honrs 16 70 16 78
48 hours 8 25 8 25
2 weeks:
1st run 4 0 4 25
2nd run & 75 4 50

As a result of the successful demonstration the contractor was invited to
begin the work of training 28 new dogs and 24 men, half each in the tunnel pro~
gram and ir the mine,booby-trap and tripwire program. As part of this require
ment three major projects were first completed by %ehavior Systems Incorporated.

(1) A 3~hour film illustrating the techniques to be used in

. troop training.

(2) The construction of a 56 dog kennel facility at Ft. ( »rdon.
(3) The preparation of training sites at Ft. Gordon.
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B. TECHNLCAL DUEVELOPMENT

The overall problem of training dogs to these particular detection tasks
can be conceptualized as wvorking wlith six relatively distinct behaviors. For
convenience, these behaviors will be dlscussed separately,

1. On and Off feash Behavioral Control (Obedience)

Farly in the propram it became apparent that all detection dogs should
receive some obedience training for the following three reasons:

a) during the time that the dog is on-~dutv, performing the detection
task, his securityv will be much enhanced 1f he will respord promptly to a
recall command ("Come');

b) when the dog is off-duty and being transported among other dogs
or friendly personnel, the handler will need sufficient control to curb the
animal's natural aggressive and exploratory behavior ("Heel," "Dewn,” and
"Stay"); and

¢} when dogs are required to be easily transferred from one handler
to another, it is useful to have some sort of exercise that establishes a
"set" in the dog for working cooperatively with a particular handler. Both
elementary and advanced obedience ("Crawl," "Jump'") work provide am excellent
vehicle for such an exercise.

In general, those secticong of FM 20-20 that deal with the teaching of on
and off-leash obedience were found to be quite adequate.

It was decided rhat the "sit" command be dropped from the obedience re-
pertoire in order not to confuse the dog by requiring the same response to be
made to two completely different sets of stimuli.

2. Response Training

As a result of initial pilot work, it was discovered that before a dog
can be taught any response to a non-significant, field situated stimulus, two
inirial steps must be taken:

a) the stimulus in question must be endowed with sufficient significance
to the animal to rank high in his hierarchy of awareness;

b) an approach behavior to the stimulus must be created so that the
trainer may be sure that the dog's attention is on the stimulus at the instant
response training is initiated.

Both steps were accomplishied by placing food in or on the simulated targets,
and permitting the dog to feed from them. However, in order for this technique
to work, care must be taken to break down the natural tendencv for degs to look
to the trainer for cues to initiate responses. Trainers were instructed to
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slve no commands to the dog except for those absolutely aeceasary to define
the task and, in general, to efface themgelves from the training situation
as much as posasible. Tt was even found to be advisable to use different
personnel for regponse and obedience trafning.

Traditional methods of response shaping with cont{nued uge of food re-—
inforcement were found to be guite adequate in the fleld. Partial reinforce-
ment schedules were employved to insure against extinct{rn during later train-
ing stages. :

In peneral, once the need for stimulus significance and controlled re-
inforcement were recognized, little trouble was experienced with response
training.

Maintenance of the conditioned sit response over long periods of time
should not be a problem, providing at least a 20% food reinforcement schedule
is maintained and care is exercised to prevent response generalization from
occurring.

3. Detection Training

The exact nature of the stimulus complex by which a dog is able to per-
torm the mine or tunnel detectlon task was and is unknown. However, several
initial assumptions were made.

a) Whatever the nature of the adequate stimulus, 1t will probably
often exist only at very low intensities in the operational envircnment.

b) The adequate stimulus is almost certainly complex rather than
unitary. Its components probably range both within and across sensory
modalities.

c¢) The degrees of stimulus generalization can probably be controlled
by limitations on the number of effective components.

d) A dog will habitually utilize the stimulus component involving the
least expenditure of energy in searching behavior.

e) Visual stimuli demand less energy expenditure than do clfactory ones.

f) Some components of the complex stimulus will be available at a
distance from the source, while others will only be detectable in the immed-
iate proximity of the target. Distal ones may sevrve as alerting stimuli, but
proximal ones must initfate the =it response. The distal/proximal dimension
may be defined by intensity increments as well as modality differences.

Because of the low intensity assumption, it was decided to conduct
stimulus training over a series of incrementally more difficult problems
in order to provide sensitivity training for the dogs.

S
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The asgunmptlons regarding the complex nature of the adeguate atimulus
led to the use of appropriate secondary stimull (Task 1) and to the use of
mine simulators (Task 1) contafning varfous wire components.

During response training, a constant and ecasily detectable stimmlus com—
ponent was necded to enhance tralning efficiency. ¥n Task 1I, the targets
were therefore left clearly visible. Tn Task 1T, a Tunnel Odor Simalant (T.0.5.)
was used. During derection training, a graded seri{es of problems was vaed,
degigned nct only to provide increasing difficulty, but also to force a change
from visual to olfactory detection.

The assumed existence of distal cues, usually below human thresholds,
necessitated the dog being permitted to set his own pace. Trainers, unaware
of such cues, tend to "push the dog off" a target.,

In order to insure that the dogs could perform the detection task using
only stimuli comparable to those found in the operatlonal environment, much
care was taken to eliminate or to randomize any coincidental cues., Coiaci-
dental cues were classified as follows:

a) Tralner Associated: 1t was felt that che only wayv to insure the
elimination of trainer cues was to have him run "bl1iud." A consequence of
such a procedure is the requirement of detailed mapping of emplacements if
ordnance 1s not to be lost.

b) Previous Trials in the Same Area. Whereas it is desirable to con—
duct each trial on a "clean" (previously unused) area, this proved to be vir-
tually impossible from the point of view of practical logistics. 1In Task 1I,
possible cues from previous runs were eliminated by ensuring that each dog
ran a freshly gset, different problem from any other dog. The only exception
to the elimination of such cues occurred in Task I during Grades 1-II1. Here
the dogs were permitted to track the animals which previously ran the sane
problem in crder to assist directional training as discussed below.

¢) Place Learning. This cue was eliminated not ouly by the exclusive
use of unique problems, but also bv predetermined, random placement to avoid
the location prefervences that were shown to occur if the mine layers were pev-—
mitted free selection.

d) Emplacement Artifacts. Since training emplacements are, of necessity,
only simulations of their operational counterparts, some artifacts may result
that provide misleading cues to the dog. Considerable effort was exerted to
remove frechly turned earth and to randomize the track of the mine layer,

Food ceontinued to provide a satisfactorr reinforcer for the stimulus
tralning problems. Social reinforcement was used as a secondary process
throughout. lHowever, social reinforcement must be administered carefully
and ski1ilfully in order to avoid transferring the dog's attention from the
target to the trainer.

The only satisfactory negative reinforcer proved to he an enforced inter
trial interval of from one to five minutes, with the dog being held in the sit
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position. Withdrawal of food and soclal reinforcement were, of course, also
present in the design.

The scope of the project did not permit formail experimentation, Lut cer-
tain "educated guesses' could be made with regard to some characteristics of
the wvarfous target stimuli.

a) Tunnels. It was the feeling of those involved with Task T training,
that the dominant component of the adequate stlmulus cculd best be described
as "dead air.'" The term iz meant to imply that the olfactory stimulil assoc-
iated with any object in a confined air space undergocs a vualitative change
(disturtion) that is Identifiable by the dog. This was thought to be rriue of
any stimuli emanating from the walls of the tunnel itself, as well as for ob~-
Jects 1in ic.

b) Tripwires. Close inspection of the dog's locomotion patterns during
detection resulted in the frequent observation that they were more closely
correlated to those displayed during visual detectlion tasks ss opposed te ol-
factory tasks. That tripwires present an esseutially visuzl problem was fur—
ther substantiated by the extremely poor performance of aunimals with clini-
cally diagnosed poor visual ability.

c) Mines. When mines were employed above ground, with little or no
cover, the dog's search behavicr indicated the presence of a scent cene much
the same as that described by scout deg handlers. However, buried and ground "
covered emplacements resulted in search bzehavior much more similar to that :
axhibited by hounds working "ground scent'" or "track." It is precbable that
the only clfactory cues avallable from such mines are sufficiently proximal
to require the dog's nose to be almost in contact with the source before a
final discrimination can be made. In the case of deeply buried mines (three
inches or more), it is possible that no source scent exists. The animals mav
be performing the task by tracking the mine layer. Successful detections
of such mines were made afrer as much as 12 dayvs of emplacement and, Type I
(false positives) errors were eliminated from runs in which the mine laver
macde del berate "false stops.'' However, it is possible that some tracking
cues were still present in those cases. Controlled experimentation is needed
to settle the issue.

4. Directional Training (Task I)

Directicual training for the tunnel dogs was integrated with response
and detection training. From the first stages of response training the di-
rectional hand signal was used and, when followed by the dog, alwayvs resulted
in successful detection and a chance at reinforcement. Failure to foliow the
hand signal resulted in a "no," a recall, and another "move out.'" Permitting
the dogs to track a previous, straight-line, successful detection during the
first half of detection training further developed the set to follow the
trainer's directional signals. WNo problems wich this behavior were encountered
in auimals that had not recelved »nrior scout dog training.
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5. Trail Behavior (Task 1)

The mine dogs were trained to confine ctheir scarch pattern to the road or
trail upon which they were working. This limitation was imposed from the be-
sinning of response tralning and was satisfactorily accomplished using the "no"
command, comb{ned with recall when necessary. Tthe dog's rate of locomotion
and distance from the trainer were also shown to be controllable using clearn
area practice sessions with the "no,” "move out,” and recall commands com-

vined with carefully applied social reinforcement.
A. Tripwire Detection

The tripwire detectior task was considered to be qualitatively different
from mine detection because of the necessary presence of such a strong avold-
ance component, in addition to the approach component. It was, therefove,
decided that a negative reinforcer must be used to prevent the dog from toucli-
ing the tripwire, even accidentally. Training efficiencyv would demand that
the na2gative reinforcer be perceived by the dog to be an immedlate and direct
consequence of touching the tripwire. Flectric shock was selected as the most
practical negative reinforcer. At first an attempt was made to train the ani~
mal vsing "hot" tripwires. This proved to be impractical because of the ex~
cellent insulation provided by the animal's fur. A classical conditioning
techrigue was then invoked. Shock was palred with a buzzer until the latter
evoked the same emotional respouse as the shock. The buzzers were then con-
nected to all tripwires and continued throughout training to serve as nega-
tive secondary reinforcers. It should be noted that, whereas the necegsity
of using a negative reinforcer for tripwire training is acknowledged, its
introduction into the training procedures does place a heavier requirement for
skill and judgment upon the trainers. The avoidance behavior must be careful-
v halanced against approach behavior to produce the desired result.




IV. PHASE 11 - OPERATTONAL TRAINING

A. WORK PERFORMED |
TASK [ -~ Tunnel Detection Dogs

Phase 11 training began at Ft. Gordon August 12. The filrst week was
devoted to classroom instructicn in principles and techniques common to both
tasks. Field training began on August 22.

The 60th Infantry Platoon (Scout Dog) was divided into two squads with
12 handlers being assfgned to the tunnel detection squad. These handlers be-
gan working with a total of 25 dogs. The animais came from three sources, as

folleows:
Fg¢. Benning 14
LWL 8
BSI 3

By the ernd of the program it had been found necessary to drep 4 handlers
and 11 dogs. During the last month of the program, one handler was transferred
from the mine to the tunnel squad for a final total of 9 tunnel detecticn hand-
lers with 14 dogs.

Drops from the program were made for the following reasons:

Handlers: 1 removed from training to attend Lnglish Language School,
1 removed from training because of an inability to under-
stand and perform as a tunnel dog trainer,
1 removed from training because of an unwillingness to
follow procedures and train his dogs correctly.
1 removed from training for disciplinary reasons

Dogs : 7 dropped for medical reasons
4 dropped for behavioral reascns (excessive shyness)

On February 5, control over tne training program passed out of BSI hands
and became the responsibility of the command structire of the 60th Infantry.
A skeleton BSI staff remained at Ft. Gordon toc act in an advisory capacity.
This arrangement, however, did not prove to be satisfactory. It was the opin-
ion of both LWL and BSI that the 60th did not have either the technical or lo-
gistic capabilities to conduct effective, on-going training. As a result, the
much reduced BSI staff resumed respensibility over some aspects of the program,
such as scheduling and supervising of procedures. This structure continued un-
til the completion of the contract on April 6.

Throughout Phase I1J, hoth men and dogs were trained in the techniques and
procedures developed during Phase I. 1In addition, considerable training time
was devoted to providing the handlers with sufficlent control over their ani-

mals to comply with the requirements of tactical field deplovment. Table 4




shows the animals’ perfoimance as of Janvary 27, the last sammary ter which
accurate data from the ficld was avatiable. BSE did not consider the tusned
detection dogs' performance on tripwires to be satisfactory. This can be at-
tribuced in part to the late date (Decerber ) ¢hat the declsion was made to
incorporate this capability, and in part to the difilculey exnervienced fn ob-
taining thoe materials necessary for the work,

TABLE 4

Tunnel Dog Performance’!
Total Per cent Total Per cent Total er cent

Dog _ Tunpels Detections Tripwires Detections Targets Detections
Smokey 43 93 35 63 78 79
Flmore 70 90 f4 &84 134 78
Trojan 57 34 45 49 102 64
Willy DATA  LOST

R.V. 67 90 65 83 13z 86
Rinty 50 100 50 70 100 85
Rebel 59 38 55 59 114 80
Thor 44 100 43 74 87 87
Scout 63 96 59 75 120 86
Butch 61 97 65 81 133 84
Tora 69 96 : 55 66 124 82

'This data was collected from the time the dog began integration (triowires
with tunnels) training up to the time the 60th took over training.

TASK 11 - Mine, Booby~trap and Tripwire Detection Dogs

Phase I, Task II, training also was conducted at Ft. Gordon and followed

the same time frame as that alrecady described above for Task I.

The 12 handlers assigned to the mine detection squad began the prograun
with 28 dogs from the following sources:

Ft. Benning L4
WL 8
BSI 6

By the end of the program it had been found necessary to drop 15 dogs
as follows:

9 for medical reasong
£ for behavioral reasons

burine the lost mentih of the program one handler wvas discharged tfrom the
service and one was transferred to the tunnel squad.  The final comulencnt
was therefore composed of 10 handlers with 13 dogs.
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As for Task 1, the tralning techniques and procedures used were those
develonped In Phase 1 wizh the addition of more olaborate off-leash control
tralning. Table 5 describes the performance of the nine derecciou dogs dure
tog the period from Dezembar 323, 1968 to February 5, 1989,

TABLE 5

Mine Dog Pevflormance

Total Per cent Total Par cent Toval Fer cent
bog  Mines Derections Tripwirves Datections Targets Detectioas

L.obo 128 ) 64 a1 7%
Andy 140 77 72 83 50
Suzy 108 54 72 89 G
Toby 144 71 95 85 78
Shane 1i6 73 14 oy 71
Chief 132 79 B3 73 76
Panther 96 77 7é a7 2
King 112 64 75 T4 469
Ricochet 136 55 104 85 70
He ldi 104 7 61 a4 81
Becky 112 55 70 87 71
Kim 116 84 66 68 6
King 84 71 52 67 6
Toby 148 61 68 75 68
Bonnie DATA NOT AVATLARLE

IThis data wae collected rrom all runs between December 30, 1968 and Feb-~
ruary 5, 1969,

B. TECHNICAL DEVELOPMENT

During Phase II, essentially the sawe trainiag technzlogy was used as had
been developed in Phase I. However, some useful observations were made with
regard %o two wnew variables, i.e., the introduction of militarv handlers and
the use of previously trained dngs.

1. Obedience

In general, the military handlers were found to exe.ute voice and hand
commards with grcat precision, were comiurtable werking with their dogs, and
t.ad develop=21 scwe reserves of patlenze. Thev were, howev.rs, poorly trained
in FM 20--20 and disnlayved 1litils understanding of the learniag process. Their
riming was poor, resulbling In incorrect stimulus vairing, and their vzinforce-~
wont ‘hniques (Mbustineg,' "aivplase spin,' "harngilne'') vers not appropriate
fur off-leash wourk.

Lo
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Those degs which nad already praduated from the on=-leash scout dog course
proved to bo much more Jdifricult to train than the naive animals. They re-
quired from 100% to 1504 wore training time and even tben, many individvals
neve:r showed adequate (vansfer, Much babitual resistive behavior was present
oud off-leiih control was difficult to malntain because of the previously well
established, pioxfioal contreol boundaries resulting from prior reinforcement
techniques combined th solely on-leash trafniog.

Response Training

Various delave in the program resulted in the need for increased tradning
efficiency and the 207 reinforcement schedule used fn Phase 1 was dropped from
the procedures. This would appear to bave been a superfluous step, since no
sign of respouse breakdown was evidenced fn the later stages of Craining.

Much energy and time were expended in attempting to retrain the military
handlers with regard to the meaning and wse of reinforcement in the learning
process. Little succes; was experienced. By the end of the program, the hand-
ler still conceptualized food reilnforcement as a simnle reward for overall co-

operative behavior in :he shallowest sensc.

Negative transfer in handler training also proved to be a problem in the
area of response generalization limitation. It would appear that the scout
dog handler 1is taught to cncourage response generalization as much as possible.
This is prebably due to the non-specific nature of the response used (alert).
However, without limiting procedures, the very precise (sit within two feet)
response of the special detection dog will break down rapidly.

Response training was prolonged by approximately 20% due to sporadlc break-
downs in target significance. This problem did not arise during Phase I. Tt
was hypothesized that the difficulty layv with the previous "sit” command train-
ing that the animals had received. This would tend to inhibit the re-dircction
of the dog's attention awav from the handler and toward the target.

3. Stimulus Training

Real ordnance targets were introduced for tne first time in Phase I1I. [Lit-
tle difficulty was experienced in making the trans.»r when a slow (10 days) phas-
ing in period was used. However, it is possible that the dogs did not have enough
experience with the low intensity components of the complex target stimull to
achieve maximum efficiencv. 1t would be desirable to emplov a constant class of
target stimuli from the initciation of stimulus training throughouc the dop's
working life.

1t was found that the degree of stimulus generalization could be evasily con-
trolled and maintained by suitablv sampling the desired class to use for traia-
ing and maintenance stimuli. This would predict an easv transfor from =imuiated
to operational problems. Again, the handlereg proved unwilling te control stimu-
lus generalization, apparently because of their desire tov their dog to perform
in a non-specific, all encowmpassing, protective capacity.
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Mowt handleyvs gqulckly grasped the signiticance belveen the dop’s proxt-
mal and distal search benhavier and displayed Misile tendency to "push' whe
dog off targer, They proved soosfderably more resistant to the need to elin-
inate colnciaental and trainey cues, the nced for problens of contrvolled dif-
ficulty, and the necd for che dee's attentlon to be drected mway from frgelf.

Previous training and/ov selection was credited with being responsfule
for the moderate savings o trainiug time extibitea by vhe scout dogs as op-
posed to the naive and relattirely unselected control group,

4. Directional Training - Tark |

This proved to be the most difficulr problem in Task 1 for Phase I1. Ux-
perience In training dogs in the offi-leagh wnede showed that the animals tend tr
establish a control boundary. That iz, at any givwen stage in training the dog
will adequately respond to the bandier's commands as long as he Is within cer~
tain distance limits. If the handler permits the animal to exceed this limig,
he loses control. 3Successful training involv s the gradual extenslon of these
boundaries until thev are bevond the dog/hand.er distance requirved. The pro-
cedure goes from the five feet provided by the short laash ro the 25 feet pro-
vided by the long leash, and from there on outr by the "no” command with recall.
Scout dogs, trained exclusively on leash, were found co have a leng established
control boundary at about five to six fect. Beyond this distance, they proved
uncontrollable and reluccant te return to the handler. In spite of the alloca-
tion of considerable extra training time to the practice of this behavior, scout
dogs were judged to be onlvy marginally under control by the end of the program.

“

5. Trail Behavicr - Task 11

The problems and observations discussed urder Directional Training above,
were also applicable to trall behavior.

Neither close gunfire, groups of people following, nor a pre~itun helicobter
ride proved to be an effective ezxterral inhibllor to either detection work or
control behavicr. Thie was also true tor the Task 1, off-leash directicnal
work.

6. Tripwire Tralning
%0 new problems arose during Phase Il tripwire training. This way have

been due to the obvious difference between this procedure and those experienced
previously by either degs or handlers.
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SIDMALRY  AND CONGHUL TONG

PlASE 1

During Phane @ the ability of German Shepbard type dogs o detect mines,
boeby=traps and tripuires and to detver toomels was demonstrated.  The proced-
ures developed by the WS stafy wvere dovived tfrom formal studies of animal be-
havier and relntorcement theory,  The suecess ot this method of approach as
opposed to the "art” of dog vralnivg was repeatedly shown e the reliabiifcy
and effictency of trataing. Most imporiant, however, the objecrivity of the
51 appreach allowed s to communicate techniques to people without "dog ox-
pecfence’ and thus {n a later phase of tralning to turn a completely ‘nafve’”
platoon {nto an oporagional dog-wan svatoem.

Two other potlnrs are worth noting for Phase 1. Therxe is a reed for the
Cinal desired behavior to be specitied prior to training, That is, it is im-
portant for the militarv to clearly and preciselv define the fleld operational
situation before training starts. 1t iy, for manv reasons, diffisule to change
procedures once training has bepun.  In some cases there is not merely adding
training tine on a 1 to | basis, but often there is "negative transfer,' where
the first training interferes with the acquisition of the newlv required piece
of behavier. All of which calls for careful analvsis at the beginuing of such
programs of tre systems operational requirements.

PHASE 11

During Phase 1I the procedures developed during Phase 1 were used to de-
velop an operational platoon, half of which were trained as mine, booby-trap
and tripwire teaws and half as tunnel reams.

Although thls phase was succegsful, the experience gained suggests that,
until suitable professional personnel are made available by the military,
future programs be accomplished bty private industry. we believe that train-
ing can be conducted more efficiently in both time and cest i{ the erntire dog
training weve left to professional personnel, with the wmilitary personnel be-
ing trained to be dog handiers rather than dog trainevs. Although there is
perhaps some loss of flexibility with this approach, it is deemed to be a
considerably more reliable cne over the long rur. Ir conjunction with this
point, it would be desirzble {or future army handlers to be selected on the
basis of "liking" dogs, bur also on the basis of their not having any formal
experience training dogs. Again, nezative transfer seems to be a poverful
phencmencn in this situation.

A final, end perhaps obvious, conclusion for thig section is che need
for dogs ro be fn top physical shape. Poeor health interferes wvith the effi-
ciencv of training, to an extent that maximum veterinary care should be sup-
plied to irscvre the dogs being in the best health. !
‘Puring Phase I1, with a fairlv large sample of dogs, of thuvse animals dropred
from the program, 62 per cent were dropped for medical reasons and 38 per cent

for banavioral resscns. This, in spite of rhe {act that all dogs were screened
ialf were screened on behavicoral criteria.

#
.
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In gummary, then, the application of training principles derived from be-
havioral reinforcement theory has allowed us to demonstrate that dogs can be
trained to detect mines, booby-traps, tripwlres and tunnels, and that men
can be trafned to use these dogs. Together, a successful system was produced
and demonatrated.
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“Appendix A

Phase 1 Final Demonstration for Phase 1

Date: Juiy 18, 1968

Attending: Johin Rombha, Major L. Lenoci, Dr. Max Krauss, Milt Cutler,
Colonel R. W, Mclvoy, Dr. Clint Maag and others

Description: At 7:00 AM,, July 18, the demonstration began with a briefing
session conducted by Miss Carr-larris. Following tihis session, the demonstra-
tion was held in the training area provided for BSI. The first group of dogs
demonstrated were the mine and booby-trap detectors. The dog, Jack, worked a
trail through the woods and made positive responses to B0 per cent of the stimu-
1i. The second mine dog worked was Heldi, whose trail included both a wooded
arca and a small well-traveled sandy road. She responded to 100 per cent of

the stimu” ., however, the last portion of the run, on the road, was extremely
slow due to the difficulty of locating a deevly buried mine on a well used road.
The last dog of this group, Willy, was trained as a trijwire detector. His
trail was through & heavily wonded area with dense underbrush. He detected 90
per cent of the stimuli.

After a short break for refreshments, the demonstration continued with
the evaluation of the tunnel detecting dogs. The first dopg, Wolf, worked in
an area comprised of pine woods and a well-traveled dirt road. He made posi-
tive responses to 100 per cent of the stimuli. The next dog, Shotz, worked
a road which entered into a village and the village area. She detected 80
per cent of the tunnels, missing one which was under a recently used campfire.
The last dog, Image, worked an open area and a simulated graveyard and found
100 per cent of the tunnels. She also detected a tunnel which had been dug
by one of the visitors. It should te mentioned that all stimull were at the
highest level of concealment (Grade 5) designed by BSi.

After lunch, all visitors returned for a de-briefing session conducted
by Miss Carr-Harris.




Appendix B

Some Comments on Chedience Traindup for Decection Dogs

At the outset of any rescavch program, the valoues of the relevant param-
eters are determined simply on the basis of the knowiedoe of the investigators,
as to what they want and as to what s plausible from previous Jdata and tech-
niques,

Accordingly, at the outset of this program several such parameters were
fixed, largely Dy consensus of all the priucipal persons involved in the proj-
ect from IWL and BSI. And, naturally, there were fndeed highly plausible assumn-
tions, given the prior data and techniques available when they were made. Among
such assumptions was one critical one: that the feasibility of such animai-
sensor use will be maximized by employing training techniques which are essen-
tially "conventional" and typified by the techniques for training scout dogs,
whether civilian or military. H

The plausibility of that assumption stems from several sources. It is the
training basis for the military scout dogs in which mine-detecting behavior was
first casually observed at the outset. 1t is the training basis, and an avowed-
ly effective one, for nearly all dogs which are used in any serious roles as ex-
tensions of man's own capabilities: A notable exception is in the training of
circus dogs, in which speialized and highly sophisticated shaping techniques are
added. u

The essential features of all such training methods revolve around s regime
of exceedingly rigid discipline--substantial obedience training prior to the in-
troduction of any other training, and tralning methods which are oriented towards
efficiency (not effectiveness) of response elicitation and efficiency in the lo-
gistics of the trainer-animal relationship. Such methods are, of course, excel-
lent, and highly recommended for many of the tasks for which they are emploved,
in which the behavior is often quite straightforward and sophisticated, judg-
mental or discrimination capabilities are not required. Moreover, they have one
special consequence which for such uses as mentioned above is often highly ad-
vantagecus, but which for our use was appavently disastrous: they tend to make
the animal overly tralner-conscious, to the detriment of the potential effective-
ness of any other stimuli in the environment, as a trigger to eliclt some desired
behavior.

Our particular program was well suited to the testing of that hvpothesis (if
it may be so regarded for the sake of explication) in several respects, one of
which was the selection of training staff. Our chief trainer had extensive obed-
ience training for the domestic hunting~dog and pet market. The remaining train-
ing staff included several men with recent military scout-dog training cxperience.

This permitted a strong orientation towards what was briefly described above
as "conventional' training methods; it was 'bv the book' at several levels of
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{aterpretation. In particular, advanced (reccnunalssance) training was con-
ceived as a legical extension of cbedience training, hoth fn spixit and In
temporal sequence, discipline was characteristically rcigid, and typically
heavy use was made of the choke-chain as a negative reinforcer.

Following extensive ovbedience training, advanced training was carried
with several dogs to a point at which we felt that a reasonable, rhough cur-
sory and finformal, evalunation of performance could be made. Despite the in-
formality and brevity of the evaluation. the results were quite clearly and
untamb { guously negative.

Thus, by way of a partial and preliminary answer to the question of
feasibility which this program i{s intended to provide, it is our opinion
that~-using conventional training techniques of the kind which rely sub-
stantially on negative reinforcement and cbedience to the handler—--it is not
iikely that a dog can successfully accomplish this roconnaissance function.
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Appendix C

Human Detection Training Combhined with
Tunnel Detection Training

Human Detection Training (HDT) Text Outline
I. Introduction
A. Contract Identification
B. Contract Purpose

C. Functional Cbjectives

I11. General Procedures

A. Work Locations
B. Personnel

C. Dogs

D.

HDT Stimuli ~ Response - Reinforcement

ITII. Work Procedures

A. Introduction

B. Tunnel Training Maintenance

C. HDT - 1

D. HDT - 2

E. HDT - 2A [dates in effect, physical descriptiocun,
¥. HDT - 2! special problems, raw data, analysis,

interpretation, conclusions, lead-in
to next training stagel
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Human Detection Tralning (HDT)
Final Report

1. Introduction
A. Contract Identlfication

This report describes the research preoject undertaken by Behavior
Systems, Inc., Raleigh, N. C., in fulfillment of addendum POl to contract
DAADU5~68~C-0234 granted by the U, S. Army Limited War Laboratory, Aberdeen
Proving Ground, Aberdeen, Maryland. The effective period of addendum P0O10
was from 10/7/63 to 1/7/69.

B. Contract Purpose

The purpose of addendum P310 was to determine the feasibility of the
addition of a human detection capability to the behavioral repertoire of non-
aggressive war dogs previously trained to derect and respond to concealed tun-
nels or to mines, tripwires, and booby-traps. The human detection training
(HDT) was to be integrated with the dog's previous tunnel or mine detection
training such that a correct response to the detection of a human would be
discrete for that stimulus and easily distinguishable from the response to the
tunnel/mine stimuli.

C. Functional Objectives

The functicnal objectives of this feasibility study were drawn from
the addendum objectives by project personnel after consideration of the con-
straints imposed by the availability of time, funds, personnel, and suitable
animals. At the time addendum P010 was to begin onlv tunnel detecting dogs
were available for study.

The functional objectives which guided training efforts in this project
were the following:

(1) To determine the methedology for training non-aggressive war dogs
to detect and respond to the presence of potentially hostile, visually concealed
humans in a variety of field situations.

(2) To establish a response to the human stimulus that was discrete
in a dog's behavioral repertoire and not in conflict with the previously learned
sit response to tunnel stimuli.

(3) To train each dog to respond to the humarn stimulus at the maxi-
mum distance of which the dog was capable and tc maintain that response until
ins tructed otherwise by the handler.

(4) To integrate human detection training with the tunnel detection
training which each dog would be capable of discriminating between and would
yield differential responses to the presence or absence of humans in detected
tunnels.
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(5) To train cach dog so that the rvesponse to a haman superceded
the response to a tunnel when both stimuli were present simultanceusly,

11. (Ceneral Procedures
A. Work Locations

All of the dog training under addendum POL0 was conducted on or near
the Behavior Systems, Inc. field station located on County Road 1390 dn south-
west Wake County, North Carolina. Approximatelv 750 acres of woodlands and
flields were intensivelv uscd for certain phases of training, and approximately
50 miles of county-majintained, unimproved secondarv roads were used in another
shase of tralning.

C. Dogs

Four German Shepherd dogs were made .vailable for this project from
amony the tunnel trained degs kenneled at Ft. Gevdon, Georgia. Lach of these
dogs had been trained previously to a grade 4 or S proficiency in tunnel de-
tection by BSI personnel. Three of these dogs were returned to the BSI field
station on 9/27/68 and the fourth was returred on 10/17/68. The dogs used in
this project were the following:

CANDY: 16 months old female; received from ¥t. Gordon on 9/27/6k

IMAGE: 22 months old female; received from Ft. Gordon on 9/27/68
dropped from HDT on 1/21/69 due to an incapacitating inter-
digital infection

SARGE: 21 months old male; received from Ft. CGordon on 9/27/68:
dropped from HDT on 12/2/68 due to an incapacitating inter-
digital infection

WOLF: 17 months cld male; received from I't. Gordon on 160/17/64

D.  HDT S5timuli - Response - Reinforccment

The humen stimuli deploved as targets in HDT were adult males. They
wore civilian work clothing of ap assorted variety, and, ror use with suitable
backgrounds, they were provided with camouflage~-colored hooded rain ponchos.
designated target trainer was responsible for the instruction and exact field

A

deplovment of targets before .nv given dog run or series of runs. In most cases

targets were deploved individually, although occasional multiple-target am-
bushes were set up to expose the dogs to such situations.

It was bevond the scope of this studv to detevmine the e¢xact human charac-

teristic which cued a dog to the presence of a target. A unique cue possibly
did not exist. During the course of HDT the most obvious human related cues
were suppressed or eliminated until only olfactory cues were available to a

working dog. Then the total otfactory cue potential was altered bv suci tech-

niques as masking a target's odor by his deplovment near burning cat litter,
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Lovmyacds, lumber plles, sewape, cte., or by putting rhe targets in gpider
pits whilch were fitted with camoutlaged, soiid plywood covers. The labor
tovnover experienced dn thls project {nsured against the dogs becoming fami-
Har with a particulay set of human tarpet odors.

One of the funvoional objectives J1.0.02) ] of this project was to estab-
iish a response to the human stimulvs thot was discrete in a dog's behavioral
reperteire and not in conflice with the vreviously leorned sit response to the
tonnel stimulns,  wo polential respenses merived serious consideration.  The
first was the st.ading "frecze’ vesponse with the dop vpright, silent, and not
moving. The second was the "down' response uwith the Jdogp silent and in a prone
position (e.g., seo FMIO-20, Fig. 0. These both were natural body posltions
for a dog to assume, highly vislhle to a hendler within gight, amenable to
possible radio monitoring of an ofy-leasa Jog, silent, and would stop the dog's
progress toward a potenflallv hostile human.

The standing freeze response had one seriocus fhault whiclhh was not inherent
in the down response. The freesze response would bhave cequived the handler to
interpret his dog's bebavior, 1t had been our cxperience that nany dogs would
effect a standing fresze response 28 a part of their total alert to any novel
stimulus. If a freeze response was to be associated with a particular stimu-
lus, such as a human, ¢lther the dog would have had to be trained so that its
natural alert-freeze to all other stimuli was nce longer permissible behavior,
or else the handler would have had te learn to distinguish between the con-—
ditioned ireeze vespoase and the naturally occurring alert-freeze. KNeither
alternative wae particular!v deslrable because the former would have been very
difficult to teach to a dog, and the latter would have placed an unnecessary
burden ¢n the handlsr's judgment.

Tne down regponse, once conditioned, was less subject to misinterpretation.
Lving down was not a naturally occurring behavio: of a tunnel trained dog while
werking. If the down respoure was associated with the human stimulus, it would
be very discrete in a dog's behavicral repertoire. A down repertoire. A down
response also afforded the dog a slight advantage in personal safety over a
standing freeze respouss, as well as being more comfortable to maintain until
the trailing handler cowld ascertain the wafety of further movement. 1t was
denided for the abov: reasons to train for the down response.

The food reinforcement used throughout HDT, unless otherwise specified,
was a commercially available, pelletized, slightly moist dog food, Prime. The
quzlity of foeod reinforcemen: given for varicus successful behaviors was oc-
casionally adjusted tc meet exlsting contingencies, but most often it was set
by rough ratios. The quantity of Prime/day available to a dog was based on
bodv weight at a ratio of 1 bag/lé ibs., minus one bag/dav fo: continuous fcod
deprivation. The quantity of Frime/run available to a dog was a fraction of
the quancitey of Prime/dav, l/vo, ¢f rums, for that dav. The quantity of Prime/
availavie Lo a4 dog on o given run was a fraction of the quantity

guod response
of Prine/run, I/no. of stimuli, for that run. FEach dog's performance deter-
mined the gquantity of food it received from the quantity that was available.
If it corvectly resrnonded to all stimuli on a run, it received all the food
avaiiable for that run. ir che evoent of continuved poor performance, however,
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adjustments were nade to prevent the doy from lostng more than 1% per cent of
{ts normal body welipht. Foud reduborcement was alwavs wupplenenved with yer-
bal reinforcement in R,

111, Work Procedures
A Introduct ion

Several Tactors combined to necessytate an emolrical approach to thasy
feasibility study. The time constrzing, the limited subject poel of degs, and
the lack of methodolopgical standavdizativn in the area of heman detectfon teain-
ing welated heavily agaiust even Tindted experimentation,

The following detailed HDT procedures resulted from this emplrical approech.
They were derived and put into efifect by the preject team in at empting to achieve
the funcrional objectives withir the muaitiple consvraints then existing.

An incremental progression of definad training stages was attempted to al-
low analytical evaluation of istrastage learniayg and interstagce progress of the
subject dogs. As *raining progressed under each HNT stage, unanticipated or un-
controllable factors which influenced training were noted, Sut many of these were
not amengble to analviical evaluation within the scope of this project. Wind di-
rection and strength for example, was a primary source of variability in the dogs'
performance, yet due to a lack of portdable wind measuring egulpment, no relevant
objective data could be recorded for iater corvelation with performonce.

The description, analysils, and evaluation of each HDT stage which follows
represents what has beea atrempted and accomplished on this project. Section
IV summarizes our recommendations Yor future studies i the area of human de-
tection training based upon the findings and experiences presentad here.

g. Tunnel Training Maintenance

One of the functional objectives [1.C.{3)] of this project was to in-
tegvate UDT with the tunnel detection trailning which euach dog previously had
undergone such that each dog would be capanie of discriminating between and
would vield differential responses to the presence or absence of humans in
detected tunnels. 1f this obilective was to be accomplished, 1t recuired the
maintenance of the dogs ' previously acquired tumnel detection behavior at a
degree cf proficiency at least equal to the detection task planned for this
stage of training. In this intepgration training stage the planned tunnels were
to be cylindrical pits, 4 ft. deep by 3 ft. in diameter, and fitted with camou-
flaged, 3/4 in. solid plywcod covers. It was determined from this information
that a grade 4 proficiency [n tunnel detecticn should be maintained as an ac-
ceptable wminimum.

Several facrors Infiuvenced the ex »oand gimiag of the maintenancs traiv-
ing conducted during thiis projoct.  Fhe more important of these were the reten-

% :

tion of previous cvnnel detection training bv the dogs, the time avalilable for
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matuteusnce g, the svallabhi ity of dop bandlera, and the ioglaties Anvelved
v transporting the dogs frowm (he HOY tratning siter ¢ the ioanel grids.

Yrowcas argisgary to rest the flrst three dogs retwmesd from ¥ Govdon
for their wetemtion of pruvcicus tumnal detection gralning because they had been
inactive for severel woeks. This wan accomplighed by starting cach of the three
Aogg at e wlf ceafning stage of cuanel deteziliou tralelipg wnd silowing them to
proyress as rapldly as they would achiesve the criteria for sucressive trajaing
grades. Wean pach dog met or exceeded the crilerion for wiade 38 all subsequery
matntenance training was conducted on srade 4 tunnels. ‘he fourth Jdog returned
fyam Ky. GCordon was at a carrent grade 4 proficiency in tuvunel detection, theve-
fore {ts mainterasnce training wae kapt at that level.

A second dog trainer joined our project gtaff cn 11/3/68 and handled all
naintenance runs after chat date.

C. HDY -~ 1

The HDT-1 stage was in effect from 10/22/68 to 10/3./68 {nclusive, 2
totsl of eight working days. The purpese of ELT-1 was to associate the down re-
sponse with the presence of the humen stimulus ({.z., target), primarily through
sudden visual contact, although olfscrory and avlitory cues weve a park of the
stimulus conglemevate. Diagram Figure 1 below was the reference diagrsm for
HDT~1.

When avallshle, five targe:is were Jdeployid before each dog rum in a rela
tively open area (e.g., an overgrown field), :n a line, spaced approximately 30
m. apart, #nd each targe¢ concealed himself o: ground level as well as pessibla
from the subject dog’'s vision.

The subject dog was brought from the stake-out arva to the beginning of the
run, harnessud, kept on short leash, and was commanded to move out in the dirvec-
tion of rhe nearest target, who was at least 30 m. from the start poinc. The
command £o move out marked the beglunings of the vun and the first trial.

When the dog clcsed on the first target to a 20 ft. line-of-sight distance,
the target moved quickly to become fully visible to the dog. The targer nrcod
in place facing the dog for a silent count of two seconds, then ran fasv apnroni-
mately 30 m. to his right along an imaginary line perpendicular fo the originai
lire of targets and took a new hiding position.

One second after the moment of contact, the handler, without verbal command,
would force the dog into a down pasition, oriented toward the tavget, oud then
would reward the dog with hand-fed Prime and praise.

After the target had clecared the immediate area and had rcsumed biding, the
Jdog was commanded te move out in the divection of the next target in idne. Thas
command to move out marked simuitaneously the eud of the firsr trial ond the bee
ginning of the second trial. On the second and all subseruent trials ‘o the rur,
the procedures were a repeiition of those in the first trial.
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As the dog was worked aleng the original line of targets, a new line of
tavgets would be established which was 30 m. away from and parzllel to the orig-
inal lue with the 30 m., target spacing intact. The dop was returned along this
new line of targets, who, after contact, would he returned to the original line
of dzployment by following the same repetitious procedure. The number of trlals
per run was thus twice the number of targets deployed.

The handler werked the dog on all trials following the same procedures, ex-
cept that after the final target had been contacted in a run, the dog was taken
of f-leash and given obedience drill across the distance to the stake-out area.

A run did not end until the dog was unharnessed and given a break period at the
stake-out area, The handler would determine the end of the break, exchange dogs,
and lead the next dog to the start point to begin its run.

This procedure was followed until a dog voluntarily responded on three trials
in succession within the same run. Thereafter, reinforcement became contingent
upon gocd respouses to the targets. A good response was a voluntary down in the
presence of a suddenly visible target. If a dog's response anticipated the tar-
get, the target would rove immediately to make himself visible to the dog, then
the reinforcement was administered.

Figure 2 1s a graph of the subject dogs' individual learning curves during
HDT-1. There are two disjoint curves for each dog. Those curves in the lower
left of the graph are based on the daily percentage of voluntary responses of
each dog while undergoing basic response training. Those curves in the upper
right of the graph are based upon the daily percentage of good responses of each
dog during that part of HDT-1 in which reinforcement was contingent upon the re-
sponse.

The two curves for any given dog are artificially disjoint to demonstrate
the trial and percentage of voluntary response juncture at which basic response
training ended and response contingent relnforcement trials began. They could be
joined into a continuous curve with no loss in descriptiveness.

It is apparent in Figure 2 that the dogs divided into two subsets of two
dogs each based on their rates of learning. Image and Wolf demonstrated a more
rapid rate of learning than did either Candy or Sarge during the response contin-
gent reinforcement trials. No explanation of this situation can be offered ex-
cept that it reflects the individual differences of the subject dogs.

Table 1 presents a summary of the HDI-1 performance of each dog and for the
dogs as a group. Under the tenuous assumption that this sample of four dogs was
representative of the population of tunnel detection trained dogs from which it
was drawn, the group summary would represent our best available informatioan as
to various training expectancies should oth>r tunnel detection trained dogs sub-
sequently be entered into HDT

The group summary in "able 1 shows that an average of 111.5 trials were nec-
essary to establish the basic response to a suddenly appearing human. It required
an average of 102 response contingent reinforcement trials for the group average

-

of good responses to reach 57.98.
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Figure 2: LEARNING CURVES
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On the {In&l day of PIMI-1 each dog, wweept Savgs, nxreoded an 307 good
response parformance level on two guccessfve runs.  Sarge's performance lavel
on that duate was 75%. ALl the dogg were advasced to UWuT-2 rogether. This was
necessary because it wgs not possible to run the doxs an separate stapes of
training without placfap undue gtress on our gingle tralner and the target per-
sonnel. HDT-2 was alaso a gatfonal extenslcon of ADT-1 and 414 aot change the
Tearning situation roo greatly.

D. HDT - 2

The HDT-2 stage was In effect from 10/31/68 to 11/7/68 Inclusive, a
total of six working days. The purpose of I'DI-2 was to accustom the dogs tn
targets concealed in wocds and to continue their acquicition of responses based
on olfacto.y cuing.

In a typical HDT-% wun, five targets were deployed along one of two roughlv
parallel woodiand trails which were no less than 50 vardg Arart. The traills had
been marked with numbered stakes at 20 ftr. intevvals. The targets each were as-
signed a "base' stake nuaber or each trall and were allowed a two stake toler-
ance on either side of tneir bise stakes as the areas in whicnh they could con-
ceal themselves during a run. The basze stakes weve at 400 ft. from the start
point of the run.

The subject dog was broughc from the stake-out area to the start point, |
harnessed, kept on short leash, and was commanded te move out on the trail along
which the targets were deployed. The ccmmand to mrve out marked the beginnings
of the run and the first trial.

If the dog closed on the first carget to a distance of 40 fe¢. without re-
sponding, the target would quickly move from 1is concealment to become fully .
visible to the dog. The target stcod in ploce facing the dog for a silent count i
of five seconds, then quickly ran to the second trail and resumcd hiding. . |

If the dog responded to the target with the down response, the handler would
reinforce it with the quantity of Prime zllowed for that trial, verbal praise,
and petting. If the dog failed to respond or incorrectly respondedi, the handler
would correct the dog by placing it in the appropriate down position.

If the dog responded to the target at distances greater than 40 ft. the tar-
get would immediately reveal himself, then the dng was reinforced by the handler.

After the dog had been reinforcaed or zorrected and the targe: had moved to
his position on the second trail, the dog was conmauded to move ~ut along the
first trail again. This command to move out merked simultanecusly the end of
the first trial and the beginning of the second trial. Or the second and all
subsequent trials in the run the nrocedures were a repetition of those in the
first trial.

As the dog was worked along the first trail, the targets' movement would
set-up the second trail for the dog's veturn. When che dog was returaed along
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the gecond trail, the tavgets’ movewent would set-up the flrst trall for the
next dog's run. The nusber of trials per run was thus twice the numbay of
targets deployed.

A given run ended when the dog had travelled both trails and was given a
break perfoa at the stake-out area. The handler would detexrmine the end of the
bresk, exchange dogs, sud lead the next dog to the start point to begin its run.

Table 2 presents daily summaries of each dop's performance during HDT-2.
Under the column "Daily % of Good Responses' it is apparent that each dog ex—
ceeded an 807 performance level at least once during this staze; however, Candy
and Sarge showed grocter daily variance than Juage or Wolf., This 1s reflected
to a greater degree wnder the column "% of Cunulative Good Responses' which
is the ratic of Cumulative {wod Responsges to Cumulative Numbaer of Targets.
Image and Wolf shnwed a steadily increasing progression throughout HDT-2, while
the successive dally percentazes of Candy and Sarge varied up and down by sev-
eral pevcentage points. This situation is reflected graphically in Figure 3,
which =tiows the learning curves for each dog under HDT--2.

Under the colunn "Dally Average Disctance of Dog to Target' is presented
the average ground distance in feet from the deg to the target of all good re-
sponses by that dog on the designated day. This average includes those good
responses that were visually cued as well as those cued by olfactlion, therefore
a 40 ft. average distance was the minimum obtainable by anv dog since the target
would reveal himself when a dog had clesed to within 40 ft. of his position.

The intra-dog variance in this datra was contributed to by at least ywo in-
separable sources. One was the trial~by-~trial wind condition which of<en varied
in direction and strength, particularly in the wooas. The other was the learn-
ing capacity of each dog as it went about the task of detecting human odor or
whatever cues that emanated from a non-visible, silent target. Tuater-dog wvari-
ability, is affected by the dogs' sensory sensitivities which could not be as~
sessed. The distance data, therefore, does not present an unequivocally clear
standard fcr inter-dow comparisons, but it is useful as a general indication of
the dogs' performance.

Figure & deyicts the detaction distance data graphically and shows that Wolf
responded at longer distances in fewer trials than did the other dogs. Neotice
that the ordinate beguins at 40 ft. which is the minimum average distance &t which
a dog could respond due to the procedures in use.

The HDT~2 stage could have countinued indefinitely by varying the environment
of the rums and the techniques of target conce:lment. Fupctional c¢bjective 1.0,
(3), however, stated our intention to train each dog to respond te the humap stimulus
at the maximum distance of which the dog was capable ... , and it was the opinion
of the project team that the HDT-2 procedures were not motivatiag the dogs suffi-
cientlyto encourage them to make truly loug range datections. Without excreme
food deprivation, for example, there was nothing in the HDT-2 procedures to en-
courage the dogs to respond immediately to the detected presence of a target.
Under the HDT-2 proceduses a detection and a response st 200 ft. was no nore re-
warding than a detection at 200 fu. folloved bv a responsa at o0 ft. when the
tarvger became visible. 7To make matters more dififficuly, ¢
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Figure 3: LEARNING CURVES
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certain method for ascertaflning exactly when a dop detected o tarpet.  The dp-
tection had to be inferred from the regponse behavior., 16 the dop hed gy ie
{ncentive to regpond at the moment of decection, then the poruatial of & dog

as a human detectlon mechaniam could not be accurateiy evaluated. Yome incen-
tive was required to encourage the cofncidence of the detection and the vesponse.
HDT-2 was the result of our recognition of this prohlem,

b HDT - 2A

The IDT-2A stage was in effect Yrvow 1L UH/58 to 12/3/68 tnclusive, o
rotal of fifteen working davs. The pusposa of HDT-24 was to waximize the vo-
tenclal for olfactory detection of tarvgets by the doss thveugh o diiferential
reinforcement procedure. Two general procedurs! changes alan were lmplementsd
with the beglaniug of HDT-2A. One was that ne dog would work the same tralt
more than once in a given wenk. This was to prevent che dogs freom becoming
familiar with the hiding places of the targets and rvespouding o tr i} cues
rather than target cues. The second was that all rums were to be icted
with the dog off-leash. The trainer had est¢ablished stricr off-le: bedience
control over each aog in advance of HNT-2A sa that the dogs could woi. awayv
from the trainer and remain under his control.

In a typical HDT-2A run, five targets were deploved along a selected wood~
land trail that had been marked with numbered stakes at 20 ft. intervals. Each
tacrger had been assigned a2 "base" stake number on that trail and was required
te conceal himself no less than 10 ft. awav tom his base stake. The base
stakes were at 400 fr. intervals along the trail with the first base stake at
least 400 fr. from the start peint of the run.

The subject dog was brought from the stake-~out area to the start point of
its run and w:; harnessed. 4 command te move out marked the beginning of the
run and the first trial.

Each trial in a given run encompassed thraee posslbilities of response from
the dog. Figure 5 shows these schematically.

In the first nine days of HDT-2A, if the dog responded at a distance from
the target in excess of 100 fv., {t was assumed that the scimulus cue was ol-
factory. If the dog had not vesponded when it had closed to within 100 fr. of
the target, the target gave an anditcry cue by vigoevously clapping his hanas no
more than three times {n rapid succession, If the dog failed to respond to the
auditory cue and continued to close on the target, at & distance of 60 fr. the
target quickly moved from his concealment to become visible to the dog. 1f the
dog failed to respond to rhis visual cue within five secondeg, the handler would
force the dog fato the down position,

In order to provide iucentive frr the dogs to respond immediatelv to ol-
factery cues, the above response possibilities were differentially reinforced.

It the deg vesponded to an assumed olfactory cue (l.e., In excess of 100 ft.
from the target), it was reinforced with rhe quantity of "X of rrime allotted
te that trisgl, praise and petting, and a given quantity of what vas called a
"super lncentive reward.” This reinforcoment combination was abbreviated as
TGP, standing for "Total Olfaciory Perfo "

IMEnes .
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Lf the dog responded to an auditory cue, it was reinforced with the guan-
tity "X'" of Prime allotted to that trial and pratse and pettiug, but no super
fncentive. This reinforcement combinat{ion was abbreviated as VAR, standing
for "Prime Auditory Reward."

If the dog responded to the visual cne, it was reinforced only with pralse
and petting. This reinforcement was abbreviated as POR, standing tor "Praise
Only Reward."

It the dog falled to respond to any cue and had to be forced into the down
position, no reinforcement of any tvpe was given.

On a given trial only one tvpe of 1 sponse was possible. When the dog re-
gsponded, elther TOP or PAR, the target revealed himself, then ran at least 300
ft. to the downwind side of the dog and resumed hiding while the dog was beluny
reinforced. With a POK response or a correction by the handler, the target was
already revealed and would vun away as soon as the dog was down. After waiting
in concealment for at least 10 minuteg the target would work his way back to
his base stake cautiously and wait in concealment for the next dog.

A given trial ended with a command to move out after the dog had been re-
inforred or corrected. The run ended only when the dog was returned to the
stake~out area, unharnessed, and given a break perind. The dog was not permitted
to quit working while in harness, even after the last target in the run had been
contacted.

The super incentive reward embodied in TOP situations was difficult to es-
tablish. It had to be something decidedly more appealing to the dogs than Frime,
hut also now-filling so that it would not interfere with the dogs' intake of
Prime which was their basic diet. Simple preference tests conducted with ken-
nelled, non-project German Shepherds allowed us to eliminate several possibili-
ties. Three possibilities for'a super incentive survived the preference tests
and were field tested. The first was small-dog size Milk Bone Dog Biscuits upon
each ¢f whiclk has been placed three drops of Sucaryl, a 50% saccharin solution
in a water base. This was rejected for field use because the treated biscuits
would increase a dog's thirst to the point that it would bloat itself with water
when returned to the stake-out area. One inch cubes of roast beef were rejected
also after field trials revealed them to be too inconvenient to handle. The
super incentive that passed both preference and field tests was boiled, one~
half inch slices of hot dog, which became the super incentive in HDT-2A.

In the first nine days of HDT-2A, the dog to target distance at which the
auditory cue was given by the targets was 100 ft. This arbitrary distance was
selecied for several reasoas. The dlstance could wot be so great that the dogs
would have no chance of detecting the target colfacrorally before the auditery
cue was given. The degs could learn the daifference between TOP and PAR only
through having the opportunity to make responses under both reinforcement con-
tingencies. In the final runs under HDT-2, the dogs were averaging approximate lv
100 ft. per detection, therefore we could anticipate that the dogs would respond
to the targets ai distaaces greatev than 100 ft. on roughly 507 of thediv initint
trials under HDT-2A. On the other 50X of their initial trials the  ws would en-
counter the auditory cue. FEnvircamental factors also entered (nto toe decision




to sel the amditory cue distance at 100 ft. The winter weather was killing
the underbrush in the woods, making 1t Incrcasingly difticult tor the tar-
pots to matntain complete concealment from the dops, porticularly when thev
were in motion, such o as in \.‘l;\ppiny, theliy hands.  The greater the distance
that the dog was from the target, the less its chance was of aceidentally
scelng such movement:. .

Later in HDT=-2A, when the dogs were averaging approximately 200 ft. per
olfactory Jdetection, it wvas deeided to increase the difriculty of ecarning 0P
by increasing to 200 fr. the dog te targetr distance ar which the auditory cue
wias given, Under the general assumption that the strength of olfactory cues
decreascd with increasing distance of the auvditory cue, the dopg wounld have te
make jts response decision on the basis of correspondingly less sensory infor-
mation In order to earn TOP,

The procedures developed for HDU=2A could have nad one very undesirable
eftect it it had not becn anticipated. This was the problem of false positive
responses.  The reintforcement structure of HDT-2A was biased in favor of the
olfactory detection of targets by a dog. On an iDT-2A run with targets on the
trail, if a dog responded anvwhere on the trail between its last contact and
before the next tarpet gave his auditory cue, it was rewarded with TOP, as if
it had actually detected the next target olfactorailv. As a point of fact,
it never was possible to determine with absolute certaintv the stimulus to
which a dog was respounding. VWhen a dog responded in proximity to a target,
the response had te Le treated as if it was target cued, whether or not the
dog had actuallv detected the target. If a response was reinforced when the
avy hud not detected a target, the dog could have learned to vespond with ran-
dom down responses that were unrelated entirely to the presence of a target.

This undesirable possibilitv that could huve developed in HDT-2A was
countered with two techniques. OUne was to run the dogs on clean trails con-
taining no targets. A response on such a trail! was not reinforced. A second
technique was to run the dogs on long trails containing one target placed ap-
proximately in the middie of the run. The critical issue here was to see if
the dogs could detect the single target without giving false positive responses
after the single contact. With either of thesc techniques, all other proced-
ures employed were the same as those used on regular target runs to prevent the
dogs from learning 4 disccimination between regular target runs and the zero
or one target runs. It was the opinion of the project team that if the dogs
grave very few or no false positive respenses on the special runs, this could
be raken as evidence that the dogs actuxlly were responding to the targets on
regular runs.  No orher reasonable explanation could account for the observed
Gebavior derovs ol runs.,

Table 3 vresents dally samsaries of each dog's performance during HDT-2A.
Three of the dogs were worked a full fifreen dave, while the fourth dog, Sarge,
was worked only nine davs during this training stage because he contracted a
severe iaterdipital root iofection that made walking obviously painful to hLim.

Sarge was dropped from vie HUT projece on 12/2/68 hecause of this disabitity.
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Due to space limitations the following
table (Table 3) is divided on the next
slx pages, and is assembled as the legend
below indicates.

p.46--Part a p.47-Part b p.48-Part ¢

p.49-Part d p50-Part e i  p.51-Part f




~ly by

0 nic 7766 €91 G001 S 1 (At g 89-¢ -C1
8°91Z [N 091 0001 71 [4 891 91 89-c -C1
2779 8°v6 vl 0°001 S T vl S g89-£LC-11
0v¢ee 5°%6 1 07001 Vi T 671 4 86-9Z-171
LT € 96 e 6'88 8 [/ So1 6 gO-87-11
6°6¢C 6 %6 6t L°T6 1T [4 9¢l It §9-¢Z-11
Srenl I°G6 811 6°06 01 [4 wZl 1T 89-17~11
$7061 9°¢h g01 606 1 [4 €1 11 89-07-1T1 9d3eu]
AR A 196 g6 07001 ¢z S <01 Y4 go-61-T1
07921 8'%6 14 0°001 51 £ LL ST 89-81T~-11
G %01 §’¢gs 86 506 Ot z 79 11 BG~-CT-11
17601 1°%6 87 0001 { T H L 89-%1-11
07001 [AR N 1% 07001 ve i wh 4 8e-£1-11
0°0% 0-%48 LT 0°08 8 Z ¢ 01 89-7T-11%
.01 0°06 & 0°06 6 A Ot 0T 89-11-11
£ -6C 0°88 AR 0°001 L T LT L 89-t -Z71
77861 §°[8 A 006 6 [4 891 ot 89-¢ -7
4722 t°L8 8Ll 07001 S I BGT S 89-L7-11
7rise 699 £et 0°001 L [4 €5t L 89-9¢~-11
0137 £°93 91 0°001 LA £ 951 71 89-G7-11
9652 27498 ¢il *o01 T 4 el A 86-C7-11
ARV £7¢8 001 0°08 8 [4 071 ot 89-17--11
17181 2°¢8 6 0001 A Z 191 cr 89-02-11 4puEd
LTEET 518 08 0'001 61 Y 86 61 29-51-11
17681 'L 19 9778 61 Y L 14 89-81-11
L°9%1 0764 v }°09 9 [4 9< ot 89-CT-T1
G o0T £°'87 9t 0°C3 13 T 3% g g80-71-11
5°1¢ ¢ 08 te £°68 8T i iy 1< §9~ET-11
AR SNt Gr¢L <t 0°0¢ L [4 0t 01 8§9-¢1-11
Szt 608 g 0708 8 4 01 01 89-11-11
12811 03 sasuodsay sasvodsay sosuodsey sosuodsoy suny 199 s3198ie] S388ae] 31e(q 309
300 *3SIQ POGS BATIBT  POLH BAI] poon Jo poos  ~ael JO JO'ON A2
*Bay ATIEQ  -Nwng 30 ¥ -eTnun?d y A1teq jo *oN 1squny -BTnun) daquny
(2 3ag{d) s9Tavumng A[Ied VZ-IQH € =1ae}




(Part b)
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(cont

HDT-2A Daily Summaries (
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The colwrns in this table dealing with good responses include all TP,
PAR, and POR responses as a yroup since they were all voluntavy down respunscs
even though cued differently.

The ertries in column "7 of Cumulatiye Good Responses' represent the ratlo
of the Cumulative Good Responses to Cumulatfve Number of Targets fov any given
day. Figure 6 was constructed from thece percentages. It displays graphlcally
the learning curves for each dog during HDT-2A., These curves make it evident
that the dogs were approaching an asymptote in chelr respense levels. The re-
sponse level ¢f Image was particularly high because she seldom failled to respond to
a suddenly visible target.

Under the column '"Daily Average Distance of Dog to Target' is entered the
average of the ground distance in feet from the dog to the target for all gnod
responses by the given deg for the desipnated dsy. This dally average ifncludes
all TOP, PAR, and POK goud responses. Flgure 7 was construsted from these av-
erage distznces. Tt reveals that even with daily fluctuations in performance,
all dogs exiiibited 2 genevelly increasing average detection distance across
HDT-2A.

The purpose of HDT-2A was t~ maximize the poteantial fur olfactory detection
of targets by the dogs, therefore, the data coucerned with the TOP situations was
of particular interest. Five columas in Table 3 prescnt TOP data. The column
"% of TOF Responses' presents the dailly ratio of the Number of TOP Responses to
the Number of Targets, which is the dally percentage of olfactory detecticns per
daily total of opportunities for such detections. These percentages vary widely
from day to day, and although no correlstlonal data is available to suppert this
contention, much of this variance was contributed to by the changing daily wind
conditions.

v

The entries in the column "% of Cumulative TOP Responses,’’ which are the
daily ratios of the Cumulative TOP Responses to the Cumulative Number of Targets,
absorb this variance somewhat and show that across BFDI-2A each dog was detecting
{urgets olfacto.~lly approximstely 40% ~f Lhe oclw..

The entries in the column "TOP Dajly Average Distance of Dog to .arget' are
the averaged ground distances in feet from the dcg to the target for all oifac-
tory detections by a given dog on the designated day. The theoretical minimum
obtainable average in this column was 100 ft. during the first nine days of HDT-
2A because that was the distance of the auditory cue for PAR. On the last six
days of HDT-2A this minimum obtainable average shifted to 200 ft. As can be seen,
each dog had at least one day's performance where its average reached or exceeded
330 ft., an average olfactory detection of well over 100 yards per target. Fig-
ure 8 displays this data graphically.

There were no misses during HDT-2A since the procedures would always bring
the dogs into contact with the deplcyed targets. A fallure to respond in the
TOP or PAR situations was not regarded as a bad response or a miss. In the TOP
situation there was no possibility of determianing a miss with auy certainty.
The only bal response that could have been recorded was an improperly postured
regsponse which just did not occur during HDT-2A.
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in the PAR situation either a bad response or a miss could have heen re-
corded. 7Two factors welghed against thia interpretatlcn of the dogs' behav-
ior,

The first factor was that there was no way to teach the dog that ignoring
the auditory cue was a bad response without eliminacing the FOR situation en-
tirely. 1f, for example, the dog was corvectzd for failing to respond to the
auditory cue, the target would have had to move away from the trail to avoid
having the dog respond a second time on the same target. Without the POR sit~
atlon, however, 1t was possible that the dogs would have begun to extinguish
their response to a visible target, whick, In fact, poqsib1y did occur in HDT-
24! discugsed below.

A second factor was that the handler would have had to interpret each PAR
situation to determine whether or not the dog had heard the auditory cue. OQuite
often, with a strong wind blowing in the woods, the auditory cue was not audible
to the human ear. In such situations the handler would have been forced to de-
cide whether or not an auditory cue had been given by the target, and whether or
not 2ls dog, with its more sensitive hearing, had heard an auditory cue. A wvong
decision by the handler would have damaged the intended training by some inesti-
nahle amourt, It was decided, therefore, not to record a failure to respond as
a bad response or miss in the TOP or PAR situations, but to continue to record
such behavior as a bad response in the POR situation.

Only Wolf made any false positive responses during HDT~2A. There was no ob~
servable explanation for this phenomenon, particularly in light of the dogs' la-
ter performances in HDT-2Al, when they each made several false positivc responses.
The ‘data for HDT-2A supports the conclusicn that the dogs were performing exacily
as had been hoped. That 1s, the dogs were responding to targets when targets
were present and were not responding when targets were absent.

Throughout HDT-2A the changing winds were a source of continnal frustra-
tion. It was not possible to obtafn an accurate estimation of the dog's olfac-
tory capabilities when on one trial a strong wind was moving from the target to
the dog and on the very next trial the wind had increased or decreased in strength.
In rthe woode this problem was compounded because the trees would bresk-up wind cur-
rents into numerous eddies that would place the dog and the target in twe differ-
ent wind patterns. It was decided, therefore, that the next stage cf training was
to attempt to discover the dogs' maximum range of olfactory detection capabilities,
as well as to expose them to a field situation in which their probable deployment
was quite likely. The HDT-2A! stage was the result of this decision.

F. HDT - 2a!l

The HDT~2A! stage was in effect from 12/4/68 to 12/19/68 inclusive, a
total of twelve working days. The parpose of HDT-2A! was to expose the dogs to
the field situation of targets concealed aleng roadways and other open terrain
where a maximum possible detection distance was critical for the safety of the
dog and handler. The HDT-2A! runs were conducted either on the county maintained,
unimproved secondary vroads of Wake County er the a2djoining Harnett and Chatham




-57~

counties or on a few large plots of open terrain near the BSI field station
such as acreage cleared for seedling forests by the Weyerhauser Paper Corp.

The training runs for each dog under HDT-2A'! were a mixture of runs with
targets and runs without targets. ULach target Tun contained no planned tar-
gets. In either type of run, occasional unplanned targets appeared such as
farmers, hunters, a game warden, children, and curlous people in wvehlcles would
stop. These accidental contacts were regarded as target contacts since the
dogs should have responded to them and, in most instances, they did respond to
these people. The no-target runs were of two types. in one type the dog run
was over an area where the dog previously had not been run. The other type of
no-target run was a dog run over an area where the dog previously had been run
within the same day. Except for this latter type of no-target rum, every run
conducted under HDT-2A! was over an area where none of the dogs previously had
been worked. No dog run during HDT-2A! was Jess than one mile in length,.

In a typical HDT-2A! target run, the road chosen was at least one mile
long, relatively free of farms and houses, and oriented such that the dog would
be workiny &s much as possible into the prevailing wind., The number of targets
aveilable for the run were depleyed in equal-distance intervals across the run
with one constraint. Mo twe targets were closer together than three~tenths of
a mile. With five targets deployed iadividually this required a run of at least
one and one-half miles since the start point for the dog wis at least three-
tenths of a mile from the nearest target.

When the targets were deployed, the handler, who was at the start point,
was called by radic to begin the run. A commaud to the dog to move ocut marked
the beginning of the run and the first trial. During the run the dog was en-
couraged to move out far in front of the handler. Wolf and Image usually would
work between 150 and 230 vards in front of the handler, while Candy usually wocked
abour 100 yards in front of the handler.

The auditory cue was dropped from HDT-2A! entirely, and from the second day
to the end of HDT-2A! each target was instructed to stay concealed and not to
teveal Ll ™mrews tue JOg wes o JC#SL 014 Lds posiiauad OT Mless he was .n-
structed by radio to reveal himself because the dog had detected him. It was
our intenticn that only olfactory cues were to Le available to the dog, unless
the dog was about to go past a concealed target, in which case the :farget would
present tbhe visual cue.

If the dog responded to a target before that targe: revealed himself, the
regponse was recorded as TOP and was reinforced by the handler in exactly the
same manner as a TOP response in HDYT-2A. A response that was visually cued was
recorded as POR and was reinforced as in HDT-2A. A few of the accidental con-
tacts and one or twe target errors caused the dogs to respond to an auditory
cue before the target was visible. These were recoarded as PAR respnonses and alsc
were reinforced as in HDT-2A.

Y
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(Part e)

(continued)

Daily Summaries

HDT-221

Table 4

Cumula- 2 Curuv-

% of
TOP

Number

% Cumula-
tive Bad

Cumula-

Daily %
of Bad

Nwnber

lative TOP
Responses

tive Bac of TOP tive TOP

of Baa

Responses Responses Responses Responses Responses Responses

Responses
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APPROVAL OF THE U.S. ARMY LIMITED WAR LABORATURY.

1. SUBPPLEMENTAKY NOTES 13, SOCKBORIES MLITARY ACTIVITY

U.S. Army Limited War Laboratory
Aberdeen Proving Ground, Maryland 21005

[T7. ABWTRACT

Reports from the field indicated that German Shepherd scout dogs has been observed §
to alert on mines, tripwires and other man-made artificts. The purpose of the followj
program was to explore the feasibility of training such animals specifically to the |
tasks of detecting mine/tripwires and tunnels, by means of techniques that were suf- §
ficiently objective to permit instruction of military handlers in their use. )

A siv month feasibility study was conducted at the Vehavior Systems, Incorporated
Research Station in Raleigh, North Carolina. Procedures and practices derived from
the formal study of animal behavior were used throughout the program., Feasibility
was o2stablished ¢s a result of a demonstration while at Fort Gordon, Georgia on
Julv 18, it68. For details of the demonstration, see Appendix A,

Because of the success of this first phase of the problem, a second six months of
work was initiated with the objective of training an army scout dog platoon for the
capability of mine/tripwire and tumel detection. This work was conducted at Fort
Gordon, Ga., using essentially the same techniques as those developed during the
feasibility study. The platoon was judged ready and deployed to Vietnam, April 20,
1969.

M additional three month program was undertaken to study the feasibility of cross-
training tumnel and personnel detection dogs. The results of this work were
ambiguous.
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