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Disclaimer
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EXECUTIVE SUMMARY

Dogs have been successfully used for many years by military and law enforcement
agencies to detect varied substances. A 1991 report prepared for the US Congress noted
that the dog and handler team remains the most widely used, accurate, durable and
flexible sysem available for detecting illegd drugs and explosives (Technology Againgt
Terrorism). Each year, the Department of Defense, federa, state and locd law
enforcement agencies spend considerable resources to breed, raise, purchase, train and
maintain working dogs (Department of the Army, 1991; US Congress Generd
Accounting Office, 1996). Although each agency may require different sandards of their
dogs, the ultimate god for the departmentsis for every detection dog to optimally
perform the task for which it has been trained. A critica aspect of canine performanceis
its effective duty cycle.

The phrase “duty cycle’ refersto the period of time for which an instrument can be
continuoudy used without deleterious effectsin its operation (Duty Cycle, 1996).
Although the phrase is usudly used to describe the working cycle of mechanica
instruments and technology, the concept can aso apply to canines.  Asadetection
ingrument, the dog can dso be evauated in terms of its duty cycle. Thus gpplied, the
duty cycle of the detection dog refers to the amount of time the dog will work without
observed deterioration in its detection performance.

Current definitions of detection dog duty cycles are grounded in tradition and practical
experience. Within the canine detection community, the most frequently stated duty
cycdeis30 minutes. This definition seemsto be the product of informal observations
related to decreased search activity or willingness to work with little or no reference to
detection performance, i.e., hits, missesand fdsedams.  In some instances, search
activity and willingness to search are partly a product of training. Many canine personne
know that dogs can be trained to work for substantialy longer periods without significant
breaks, however, through tradition, the 30 minute work period seems to have become part
of standard practice for many canine programs. Given the necessary training,

conditioning, and maintenance, it is possible that dogs will work longer than 30 minutes.

Congderation of the detector dog's duty cycle raises definitiond issues, however.
Exactly what aspects of detection performance are involved in determining the duty cycle
of detector dogs? Most handlers might say that there is no choice but to end the search
when the dog is no longer willing to engage in active searching. The dog might fall to
respond to handler prompts to sniff, engage in off task behavior, or smply dow down to
the point that little progressis being made. On the other hand, some dogs might continue
to search for extended periods, dbeit less enthusiagticdly, but fail to perform aswell as
they did initidly. For example, they might increasingly miss known targets or offer fase
dets In practice, handlers collectively use avariety of criteria, often informd, for
deciding that adog is no longer abdle or willing to work. In other words, no one feature or
aspect is soldy used to determine the duty cycle of the detector dog. It is gpparent, then,
that more than one dimenson defines the duty cycle. Not only is the duty cycle defined
by actud detection performance, hits, misses, fse darms, but aso by rate of searching
and willingness to search.



Additionaly, each of these dimengons can be influenced by environmental conditions,
such as ambient temperature and humidity, and characteristics of the site to be searched.
Many environmenta variables may contribute to performance deterioration or adversely
affect detection performance. For example, one could assume that the duty cycle of a
dog searching in hot weather might be shorter than it would be in cooler conditions.
Similarly, it may be the case that high humidity affects effective working duration. As
well, given strenuous exercise, adog’ s body temperature increases, which may lead to
deterioration in detection performance. Elements of training, such as number of targets
per time searched, rate of reinforcement, and duration of search training, may aso affect
the duty cycle. Examining the relationship between such factors and detection
performance may aso contribute to the definition of the detection dog duty cycle.

This effort was designed as a descriptive sudy of canine detection performance that
examined behavioral and physiological measures of the dog, and events providing the
context for detection activities.

This study trained four dogs to detect two target odors. They were then deployed into
various detection scenarios, under different environmental conditions, and many
behaviora and physiologica measures thought to be pertinent in determining the duty
cycle of the detection dog were recorded. Data were collected for 12 months (230 work
days with 751 searches) and then compiled and andlyzed to determineif any variables
contributed to or adversdly affected the detection performance of these dogs.

Data show that, within the context of the sudy, the effective duty cycle under moderate
environmental conditionswas at least 91- 120 minutes of continuous searching. Data
show that elgpsed search time and total search duration were weakly related to number of
fdse darms, trends expected, given that as search time increases, the opportunity to emit
fase darmsincreases. Data also show that elgpsed search time, total search duration,
and search order were not directly related to probability of detection.

Data dso show that, within the context of the sudy, environmental and physiologica
variables were not strongly related to duty cycle measures. Two of the four dogs showed
addidicaly sgnificant negative rdaionship between percent hits and environmenta
temperature, and one dog showed a gatisticaly sgnificant positive relationship between
percent hits and body temperature. No correlations between performance and relative
humidity were gatisticdly sgnificant. However, this study could not address more
extreme conditions, which may effect dog performance, than that afforded by the
prevailing climate of Auburn, Alabama

In sum, data show that dl four dogs were willing and able to work aslong as asked: In
other words, the dogs did not provide their own limits. The conditions of this study did
not exceed the capabilities of the dogs to work for extended periods, suggesting thét,
within practicd limits, dogs will work for extended periods of time if they are trained to
do so.
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1.0Title
Duty cycle of the detector dog: A basdline study
2.0 Background

2.1 Introduction

Dogs have been successfully used for many years by military and law enforcement
agencies to detect varied substances. A 1991 report prepared for the US Congress noted
that the dog and handler team remains the most widely used, accurate, durable and
flexible system reedily available for detecting illegal drugs and explosives (Technology
Againg Terrorism). Each year, the Department of Defense, federd, state and locd law
enforcement agencies spend considerable resources to breed, raise, purchase, train and
maintain working dogs (Department of the Army, 1991; US Congress Generd
Accounting Office, 1996). Although each agency may require different sandards of their
dogs, the ultimate god for the departmentsis for every detection dog to optimally
perform the task for which it has been trained. A critical aspect of canine performanceis
its effective duty cycle.

2.2 Duty Cycle

The phrase “duty cycle’ refersto the period of time for which an instrument can be
continuoudy used without deleterious effects in its operation (Duty Cycle, 1996). For
such an ingrument, maintenance periods may be required to ensure qudity performance;
maintenance for amechanica ingrument might involve cdibrating sensors, recharging or
replacing batteries, etc. Although the phraseis usualy used to describe the working
cycle of mechanica instruments and technology, the concept can aso apply to canines.
As a detection instrument, the dog can dso be evauated in terms of its duty cycle. Thus
gpplied, the duty cycle of the detection dog refers to the amount of time the dog will work
without observed deterioration in its detection performance.

Current definitions of detection dog duty cycles are grounded in tradition and practical
experience. Within the canine detection community, the most frequently stated duty
cycdeis30 minutes. This definition seemsto be the product of informal observations
related to decreased search activity or willingnessto work with little or no reference to
detection performance, i.e., hits, missesand fsedarms.  In some ingtances, search
activity and willingness to search are partly a product of training. Many canine personne
know that dogs can be trained to work for substantidly longer periods without significant
breaks, however, through tradition, the 30 minute work period seems to have become part
of sandard practice for many canine programs. Given the necessary training,

conditioning, and maintenance, it is possible that dogs will work longer than 30 minutes.

Consderation of the detector dog's duty cycle raises definitiond issues. Exactly what
agpects of detection performance are involved in determining the duty cycle of detector
dogs? The beginning of asingle period of searching is clearly marked by the handler’'s



command to initiate search behavior, but what about the dog’ s behavior defines the end
of the period, assuming that the search task itsdf isinfinitely long? Most hendlers might
say that there is no choice but to end the search when the dog is no longer willing to
engage in active searching. The dog might fail to respond to handler prompts to sniff,
engage in off task behavior, or smply dow down to the point thet little progressis being
made. On the other hand, some dogs might continue to search for extended periods,
abet less enthusiagticaly, but fail to perform aswdl asthey did initidly. For example,
they might increasingly miss known targets or offer fse derts. In practice, handlers
collectively use avariety of criteria, often informal, for deciding that adog is no longer
able or willing to work. In other words, no one feature or aspect is solely used to
determine the duty cycle of the detector dog.

It is gpparent, then, that more than one dimension defines the duty cycle. The duty cycle
is not only defined by actua detection performance, (hits, misses, and false darms) but
aso by rate of searching and willingness to search.

Additionaly, each of these dimengons can be influenced by environmental conditions,
such as ambient temperature and humidity, and characteristics of the Site to be searched.
Many environmenta variables may contribute to performance deterioration or adversely
affect detection performance. For example, one could assume that the duty cycle of a
dog searching in hot weather might be shorter than it would be in cooler conditions.
Similarly, it may be the case that high humidity affects effective working duration. As
wall, given strenuous exercise, adog' s body temperature increases, which may lead to
deterioration in detection performance. Elements of training, such as number of targets
per time searched, rate of reinforcement, and duration of search training, may aso affect
the duty cycle. Examining the relationship between such factors and detection
performance will contribute to understanding the variables influencing the effective
working duration of detector dogs in order that their duty cycle may be better defined.

3.0 Objective

The primary objective of this project was to examine factors related to the duty cycle of
the detection dog.

4.0 Method
4.1 Approach

This effort was designed as a descriptive sudy of canine detection performance that
examined behaviord and physiologica measures of the dog, and events providing the
context for detection activities. The effects of any particular variable on dog performance
can not be explicitly determined in this study, as this would require an experiment in
which dl variables except the one of interest are held congtant. Rather, the extent (i.e.,
corrdation) to which changesin particular variables were related to changesin dog
performance are described (e.g., temperature vs. hit rate).



The primary question guiding the development of protocols concerned the duty cycle of
the detector dog. The study involved designing anumber of protocols associated with
canine detection work, implementing those protocols over a 12-month period, and
concurrently measuring avariety of variables. However, many other issues required
atention aswell. In order to insure useful generdity of the findings, it was important to
consder the typica deployment of detector dogs across various agencies and missons.

A variety of contextua factors were aso considered, including weather and factors
associated with detection settings (Appendix A). Finaly, as a study that would probe the
limits of dogs doing detection work, it was important to assure the health of the dogs
(Animd Wdfare, 1994).

4.2 Dogs

Four dogs served throughout the 12-month period of testing. The dogs were housed in
individua runsin the kennels maintained by the College of Veterinary Medicine a
Auburn University (two of the dogs were housed together in a double-wide run for about
two months in the summer). They were transported in individua air transport carriers
mounted in a 1996 Ford Econaline van in amanner that met with USDA requirements for
trangport of dogs (Anima Wefare, 1994). Dog ages at the beginning of the sudy ranged
from 13-24 months.

The dogs used in the study were selected so as to represent the breeds commonly used in
law enforcement and were obtained in ways comparabl e to those of red-world
procurement. The study examined the duty cycle of 4 dogs. one Dutch Shepherd
(Booga), one Belgian Mdinois (Marco), and two Labrador Retrievers (Sam & Sadi).
Also, the dogs selected for the study varied in detection work experience, allowing for
data obtained to be generdized to detection dogs with diverse training backgrounds.

43 Handlers

Throughout the course of the study, five research assistants served dog training and
handling functions. All of these individuas held baccaaureate degrees, four in
psychology and onein zoology. All had previous experience a Auburn Universty’s
Ingtitute for Biologica Detection Systems (IBDS) training and handling dogs, aswell as
indruction in behavior andyss. All handlers received training and indruction from Bob
and Dr. Marian Bailey, prominent behaviorigsin thefidd of animd training. Additiond
training and instruction was provided by Mr. Ed Hawkinson, &t the time director of the
US Secret Service Canine Program, who served as a consultant for IBDS personnel
during the course of the project. Handlers also had opportunities to observe and receive
ingruction from other law enforcement personnel.

4.4 Odor Source Material and Delivery

The objective of this project focused on how long dogs were willing and able to work
effectively in detection scenarios. Although the nature of target odor(s) is certainly
relevant to how well dogs work, the study required only that odor source materidsyidd
reasonably consistent vapor signatures. This criterion reduced the likelihood that



vaiaions in performance from day to day would be substantiadly influenced by
variationsin the vapor characteristics of different target odors. Perhaps more
importantly, the logistics of the project dictated that training aids not raise issues of safety
or security. Dueto large training area, close proximity of people, and concerns regarding
contral of illicit or detonable materid, the project team dected to utilize benign training
ads.

The primary odor source materials used throughout the project were geraniol (rose ail)

and Dimethyl thiazole (a sulfur-based compound). Previous experience in training dogs

to detect these compounds showed that they were readily detectable by dogs and could be
prepared in quantities that were not readily detected by humans unless they sniffed the
training aid directly (Johnston et d., 2000).

These compounds were used as training aids by placing designated amounts of the
substance in permestion tubes. The cap a one end of these Sainless sted tubes (14.5 cm
long by 1.2-cm diameter) could be pulled out 2.5 cm exposing three 1-cm long openings
that allowed vapor to escape (see Appendix C).

Stainless sted tubes were prepared weekly, during which clean gloves were ways worn.
Preparation began with the following steps. new viton O-rings were indaled on the end
caps, asmal amount of cotton was inserted in the tubes, the odor materid (1 ?1-1 ml)
was applied to the cotton, another piece of cotton was inserted in the tube and the end
capswereingdled. Cleaning of the tubes involved removing the end cgps from the tubes
and discarding the cotton and the O-rings used to sedl the tubes. The tubes were first
rinsed with methanol and then with acetone. Finaly, the tubes were heeated at 1407 C for
aminimum of 4 hours. Typicaly, tubeswere cleaned on Friday, |eft in the oven until
Sunday, and prepared either Sunday evening or Monday morning. The amount of odor
materid that was placed in the tubes changed four times through the course of the study.
However, the amount in the tubes was kept constant each week until an increase or
decrease in amount was deemed necessary. These changes were made in order to identify
an amount gppropriate for the dogs' detection capabilities.

To avoid cross-contaminating the two different types of odors and differentialy
contaminating one type of odor tube, al tubes were trested in the same manner. They
were stored in small plastic storage containers according to the materia they contained.
New gloves were used to open a container and another pair of gloves was used to remove
atube from the container. Beyond the standard procedures for avoiding contamination, a
policy of changing gloves or cleaning tubes upon the recognition of any event that might
have produced contamination was implemented.

To demongtrate stimulus control by the appropriate odors, blank tubes were routingly
hidden during searches until gpproximately 7 months into the sudy. Because
contamination possibilities are dways a concern, one of the target tubes was lightly
coated with Invisible Detection Powder (ACE Fingerprint Laboratories, Inc.)
immediately after preparation. Thisisalight gray materia that fluoresces under ultra-
violet light. Following two days of use, ingpection of the van and equipment used during



search scenarios reveded that this materia was abundant in the environment. Therefore,
it is possible that any blank tubes or non-targets placed were contaminated and their use
was temporarily suspended.

Placement of blank tubes was resumed approximately one month later after the tube
handling protocol was modified in the following ways to reduce the likelihood of cross-
contamination. Only athird person who traveled to the Ste independently of the
remainder of the team and used storage equipment and gloves that were not used by the
other team members determined hide locations for blanks. Thisindividua did not handle
any materias used by the remainder of the team or interact with dogs. This was done as
needed to demonstrate appropriate odor control. Because of the possibility of the blank
tubes or the person hiding the tubes having been contaminated during the search this
practice was done only during the first search session of the day. Blank tubes were
cleaned prior to each such use.

4.5 Search Sites

The dogs were trained and tested in avariety of settings selected to reflect scenarios
typical in the operational deployment of detector dog teams. Routine access to atotal of
17 sttings was obtained. The settings included the following types of environments:
warehouse, residentia, congtruction supply yard, footbal stadium, basketbd| coliseum,
parking lots, open fidds, university laboratories and classrooms, and indugtria Sites. To
avoid odor contamination, a search Site was used only once a week.

These settings collectively provided search scenarios with the following characteristics:
outdoors, indoors, proximity to people and other animass, varied odors (including animdl,
food, chemicd, and waste), noise, and density of materiasto be searched. Search
sessons were delineated according to the Smilarity of the search being conducted. Data
were not collgpsed across marked dterations in the characteristics of search sites
regardless of physical proximity. For example, a the University’s surplus property area,
data were recorded individually for indoor and outdoor searches. As another example,
data collected while searching the seeting area of Beard-Eaves Memorid Coliseum was
not collapsed with data produced from searching the concession areas of the coliseum.

4.6 Pretraining

Pretraining refers to training that occurred before the project’ s formd initiation and data
collection protocol was begun. Over aperiod of gpproximatey six months, the four dogs
received varying amounts of training to work as detector dogs. It should be noted,
however, that attaining good detection performance under typica field conditions did not
require Sx months of daily training for these dogs. One dog began training only one
month before testing and dogs were not routinely worked each day or even each week.
This pre-training period coincided with other activities preparatory to data collection

(e.0., acquiring dogs and equipment, establishing search sites, developing measures, and
writing protocols), which did require sx months to complete.



Pre-training involved limited obedience work, odor discrimination training for geraniol
and Dimethyl thiazole, and search training under an increasing variety of placementsin
an incressing variety of settings. Theinitia training procedure was based on a
combination of shaping and backward chaining. Initidly, atube was held within 15 cm of
the dog’s muzzle, “find it” was commanded, and the dog's behavior of touching the tube
with its nose was reinforced. Using stimulus fading, this sequence was dtered until the
dog would walk down afence line until contacting a partidly hidden tube and then sit.
From this point, the degree to which tubes were visble was decreased until dert
responses were made based on odor aone. At this point, training in search scenarios

began.

In this pretraining phase, dl correct aerts were reinforced. Procedure for misses and
false derts entalled researching the area until the correct response was emitted. Training
ad placement was determined by the individua collecting data and was not systematic.
Typically these searches were short in duration and included only one target. However, a
non-target odor, blank tube, or glove (i.e, a“clean” glove of the type used to handle
tubes) was aso frequently hidden to insure that the appropriate odor control was
established.

Asasudy examining duty cycdle, it was important to train dogs to work effectively as
long as they were willing and able and then maintain that motivation throughout the yeer.
The find training and deployment regimen were designed to assure that if dogs refused to
work actively or began performing poorly it was not due to the way they had been trained
but rather due to the prevailing physiologica or environmenta conditions.  This

involved paying specid attention to a number of factors important in any type of search
training such as, reinforcer efficacy, handler bias, use of blank hides, and number of

target hides per time searched. Asthe study progressed, much was learned about
accomplishing thistraining and these issues will be consdered as part of the discusson
section.

4.7 Test Sessions

The deployment protocol with its associated measurement procedures began in
November 1998 and continued for 12 months. The purpose of this schedule wasto alow
each dog repeated exposure to dl of the settings over a period of time sufficient to insure
that al dog-setting combinations would be experienced multiple times under the full

range of weather conditions available in Auburn, Alabama.

A search session was terminated if adog's temperature, which was, at a minimum,
measured a the beginning and end of a search, exceeded 106° F. In addition to
terminating the search, the dog was not worked for the remainder of the day. During the
summer months, dog temperatures were taken at least every thirty minutes. Additiondly,
dogs were dlowed to drink water frequently during searches.

Components of the deployment protocol are detailed in Appendix B. 1dedly, the
protocol would have been implemented with each dog each day. Such a schedule,



however, was not possible. One reason was the nature of the deployment protocol, which
focused on working each dog aslong as it was willing and able. Because each dog
typicaly worked on a series of relatively long searches, asingle dog often tied up the

gaff and equipment for most of the available time each day. Therefore, each dog was
worked one to two times per week. Dogs were often exercised (i.e., taken from run,
walked on lead, or dlowed to run around in fenced areq) on days that they were not
worked.

Individua handlers were not assigned to specific dogs due to the nature of the study.
Firg, dlocation of gaff work time made individua dog-handler assgnments not
logigticaly feasible. Furthermore, because dogs had to be worked for extended periods,
it was necessary that they be accustomed to working with different handlers so that
handler fatigue did not confound effective search duration (i.e., when a handler became
fatigued, another handler could take over working the dog).

It might be tempting to presume that no more training occurred subsequent to the pre-
training phase and that al behaviora contingencies were held congtant during the testing
phase. However, it isimportant to appreciate that the behaviora contingencies specified
in the deployment protocol involved a continuous training process, asis the case with
normal operationd activities for any detector dog. Although the deployment protocol
was fundamentdly the same as the find stages of the pretraining protocol, over the 12-
month period continual adjustments were made to different aspects of the protocol for
each dog. Most such adjusments involved relaively subtle changes necessary to
maintain a good detection repertoire (e.g., changes in the frequency of contact with
targets and modificationsin the trestment of incorrect responses).

Asthe project saff gained experience with the challenge of working dogs for reatively
long periods, some changes were implemented for dl the dogs as a group that were
necessary to optimize their performance in various ways. Such changes were not
necessarily minor. For example, the criteriafor the number and spacing of training aids
were changed more than once in order to generate improved detection accuracy over
longer periods. These experiences provided evidence of the influence of such factors on
detection performance and will be discussed further below. Details concerning such
changes are included in Appendix D.

In the testing phase, dl correct aerts were reinforced by presentation of arubber kong
toy. The dog was adlowed to retrieve two or three throws of the kong off lead or allowed
to chew onit for gpproximately 1 minute. Initidly, misses resulted in re-searching a
limited area until the dog derted. This practice was terminated because this correction
could be made only after a search of the entire site (otherwise there was till an
opportunity for the dog to detect the target) and it dtered the handler’ s behavior (change
in search pace, increase in frequency of prompting) to such a degree as to offer limited
benefits. Therefore, misses were Smply scored as such and searching continued
according to protocol. However, fase aderts were followed by re-searching the
immediate area until an dert was not given.



An dert response was consdered a hit if the dog sat within 6 m of the target or within
6m of an arealocated directly below atarget hidden more than 2 m above ground levd.
Of course, these distances were gpproximate (not actualy measured on most occasions)
and subject to the judgement of scorers. Prior to engaging in afina Sit response, dogs
tended to engage in behaviors typica of those engaged upon initial detection of an odor
(change in pace, change in direction, change in sniffing behavior) and sat as near as
possibleto thetarget. Likewise, an dert response was consdered a*fase dert if the
response was not within the parameters described above.

A dog was considered to have missed atarget if the it passed within gpproximately 2 m

of the target and did not give an dert response. Passes by the target on which the dog did
not come within this distance were consdered handler misses and scored assuch. All of
the datain the following results section are inclusive of only dog misses. Handler misses
were used primarily as ameasure of handler search thoroughness.

Handlers were trained to first search the perimeter of a Ste in aclockwise direction
beginning at the point of entry (Hawkinson, 1998). Following the perimeter search, the
remainder of the Site and its contents was searched. This portion of the search was dso
conducted in a clockwise direction. |If the Site required the search of discrete sections,
each section was searched in a clockwise fashion, and the sections were also searched in
sequence according to which was gpproached first when moving in a clockwise direction.
Open fidd searches were approached by following paths perpendicular to the prevailing
winds spaced at approximately 3m (5-7 handler paces) intervals beginning as far
downwind asfeasble. All searching was conducted on lead (1.82m) unless, in the
handler’ s judgement, the dog had detected the target and was having difficulty tracking
the odor to its source while on lead. In afew instances, open field searches were
conducted using a 9m retractable lead.

4.8 Criteriafor Search Termination

Only three variables were used as criteriafor ending a search. It has dready been noted
that physiologica measures were recorded from each dog before and after each search.
Given that one of the objectives of the sudy was to work dogs under what might
sometimes be physically stressful conditions, these measures were required in order to
insure that the search protocol did not result in exceeding safe parameters of canine
hedth (Animal Wdfare, 1994). If, a any point during a search, adog's body
temperature exceeded the alowable limits st by the animal welfare protocol (1067 F),
the search was stopped, and immediate measures were taken to cool the dog. Smilarly, if
adog's heart rate exceeded the dlowable limits set by the anima welfare protocol (230
bpm), the search was stopped, and immediate measures were taken to cool/calm the dog.
Lagtly, a search was stopped if, at any point during a search, a dog showed a sharp
decrease in search rate or search activity. Intheinterest of objectively defining this
variable, each dog wore a pedometer attached to its harness. The plan was to use this
overal measure of activity to provide staff with a clear basis for making consstent
judgments about when to end search sessons. Staff took pedometer readings every 10
minutes during searches. Pilot data suggested that a sharp drop (75%) in one reading
compared to the previous reading would indicate that the dog was no longer working as



actively as before and would therefore give gaff aclear rule for when to terminate a
search. The objective was to avoid gaff making judgments based on factors other than
the dog' s search activities and to make such calsin a consstent manner.

4.9 M easur ement

In order to maximize the benefits of the consderable investment of resourcesin this
project, an extensive array of variables were routingly examined. A number of measures
were acquired in order to document different aspects of each dog's performance.
Physiologicd measurements were made in order to examine how the physiology of the
dogs was affected by search conditions and to safeguard their hedth. Another set of
factors was recorded to document the conditions under which searches were conducted.
Still other factors were recorded to aid in maintaining compliance with the deployment
search protocol, which involved a number of different staff over the course of the project.
Appendix A details the variables that were routindy measured.

Data were collected by one of the two members of the team assigned to each day’s search
schedule. Datawere recorded manually and later entered into a computer database. To
ensure accuracy of the database, 100% of the data were checked for correct entry two
times by two additiona staff members. Altering the computer database required the
concurrence of two staff members.

5.0 Findings
5.1 Performance Characterisics

This section describes a variety of performance measures for the dogs. Figure 1 shows
percent hits (i.e., correct derts) for searches of different duration. Search duration is
grouped into 30-minute intervals. Searches ranging from 6 minutes (the shortest search)
to 30 minutes serve as the basdine performance, as the duty cycle sandard in the canine
detection community is 30 minutes. A dight decrease in performance (percent hits) is
seen during searches of 31-60 minute duration, and a gradud increase in performance is
seen as search duration exceeds 60 minutes, however, there were considerably fewer
searches within the longer duration intervals. The decreases in performance from
basdline during the 31-60 and 61-90 minute intervals are due to the performance of one
dog in particular, the Belgian Mdinois, Marco.
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Figure 1. Percent hits for searches of different duration across dogs.
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When graphed without Marco (Figure 2), the data show fairly stable performance through

the firg three time intervals, with percent hitsincreasing in the last two intervas,
however, there were consderably fewer searches within the longer duration intervals.

This suggests that as compared to the arbitrary, but often noted, basdline of 30 minute
search duration, dogs are capable of extended searches. The absence of adecreasing

trend in percent hits o indicates that the training and handling practices employed in

this study were gppropriate for examining duty cycle parameters.

164 searches

Alldogs without Marco

30 searches

3 searches

84 searches

275 searches

6-30

Figure 2. Percent hitsfor searches of different duration for dl dogs without

Marco.
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Figure 3 showsthe ratio of false darms to number of searches for searches of different
duration. The number of searches and fdse darms (false darms/searches) contributing to
the resultant ratio are displayed above the bar depicting theratio at each interval. Again,
search duration was grouped into 30-minute intervals. Searches ranging from 6 minutes
to 30 minutes serve as the basdine performance, as the duty cycle standard within the
canine detection community is 30 minutes. Data show that as search duration increased,
theratio of fse darmsincreased. Asthe opportunity to emit afalse darm increases as
search time increases, this trend is expected.
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26/120

0.2 63/379

26/208

0.1

0 0 1 | | | 1
6-30 31-60 61-90 91-120 121-169

Total Search Duration (Minutes)

Figure 3. Fasedarmsfor searches of different duration across dogs.
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Figure 4 shows the relationship between percent hits and serid order of searches within a
workday for al dogs. These datawere sorted in such that performance measures for the
first searches of dl days across dl dogs were combined and averaged, the second
searches of al days across dl dogs were combined and averaged, and so on.
Performance was consistent across search order, suggesting that no deterioration in
performance necessarily results from repested searches. This result also suggests that the
training and testing protocols created an appropriate context in which to assess duty cycle
parameters.
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Figure4. Percent hitsfor order of a search within aworkday.
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Figure 5 shows the relaionship between fase darms and search order. The number of
searches and fdse darms (fd se darms/searches) contributing to the resultant ratio are
displayed above the bar depicting the ratio at each interval. False darm ratio was
relaively consistent across search order, indicating little effect of search order and again
suggesting that the procedures were appropriate for examining the duty cycle.

Alldogs
10r d
081
0.6
04r

55/226
02 F 27/158
3/38 1/14
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1 2 3 4 5 6
Search Order

Figure5. Fasedamsfor order of a search within aworkday.
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Figure 6 shows the relationship between percent hits and elgpsed search time. Inthis
graph, performance (percent hits) is examined in relation to the first, second, third, and
fourth 30-minute increments of any search. Data show that performance did not increase
or decrease with elgpsed search time, but instead remained fairly stable.
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80T 482 searches 230 searches 51 searches

50T
40 1

30

6-30 31-60 61-90 91-120

Time Increments (in minutes)

Figure 6. Percent hits as afunction of €lgpsed search time,



Unknown False Alarms / Number of Searches

Figure 7 shows the relationship between false darms and elapsed search time. The
number of searches and fase darms (false darms/searches) contributing to the resultant
ratio are displayed above the bar depicting the ratio at each interva. In this graph, the
ratio of false darmsis examined in relaion to the firgt, second, third, fourth, fifth, and
gxth 30-minute increments of any search. Datashow that the rétio of false darms
decreasad as dapsed search time increased to 90 minutes. After 90 minutes of eapsed
search time, false darms gppear to increase; however, this trend may be an artifact of the
raively few number of searches lasting longer than 90 minutes.
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Figure 7. Fdsedarmsasafunction of eapsed search time.
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Figure 8 shows the average detection performance (percent hits) for al dogs following
different intervals of downtime, which is the amount of time between searches. The black
circles represent weighted averages, which reduce the influence of discrepant numbers of
observations from each dog contributing to the average. Gray triangles represent norn
welghted averages, which were the only available metric for longer downtime intervas,
since weighted averages cannot be appropriately applied to the low number of
observations within these longer intervals. Keegping in mind that sngle observations have
adgnificant impact on the averages a longer intervass, these data may be interpreted as
indicating little performance difference in relation to varying downtime between

searches.
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Figure 8. Percent hits across dogs following different intervals of downtime.
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Figure 9 shows the average fdse darms for dl dogs following different intervas of
downtime. Asin the previous graph, black circles represent welghted averages and gray
triangles represent non-weighted averages. An increased number of false darms per
number of searchesis evident as downtime increased, however, once again, there were

Unknown False Alarms/ # Searches
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Fgure9. Fdsedamsfor dl dogsfollowing different intervas of downtime.




19

5.2 Search Terminations

Each ste was searched in its entirety unlessimpeded by specific human and/or canine
factors. Human factors included the end of the workday or other smilar unavoidable
circumstances. Canine factors included exceeding a physiologica limit or exhibiting
decrements in search rate or willingnessto search. Only 107 searches out of 751 tota
searches were terminated for these factors. Sixty-eight of the 107 were stopped for
human reasons. Forty-one searches were terminated due to canine factors. All 41
searches were terminated because a dog' s body temperature exceeded its physiological
limit (206? F). No dog exceeded the physiologica limit for heart rate (230 bpm). Dogs
did not exhibit significant decreases in search rate, nor was any dog ever unwilling to
work. During the course of the study, no dog ever exhibited obvious sgns of physica
distress rdated to working (e.g., lethargy, lack of coordination, vomiting, diarrhea, etc).

5.3 Duty Cycle

The data presented in the preceding section are important partly because they represent
the observations of an unusua opportunity to measure the performance of detector dogs
under consstent but otherwise redistic operationa search conditions. However, their
primary function isto provide a clear picture of how long detector dogs are able and
willing to work effectively. As dready noted, the study therefore creeted training and
search protocols that would result in dogs working as long as possible, given unavoidable
logigticd limitations.

Table 1 shows some data that will aid in describing the duty cyclefindings. 1t has
dready been noted that it was not logisticaly possible to work each dog as often as
desired during the 12-month period of the sudy. It istherefore not possible to know
whether the dogs might have been less willing to work had they worked more days per
week.

Table1l. Summary measures of duty cycle parameters for each dog and al dogs.

Measure Booga Marco Sadi Sam All Dogs
Total daysworked 54.0 54.0 61.0 61.0

Total # searches 161.0 177.0 219.0 194.0

Mean search duration in 41.9 46.3 45.6 49.5

minutes

Mean duration of search 124.9 151.9 163.8 157.3

time per day in minutes

Mean duration of work 301.6 398.5 418.6 389.5

day in minutes

Table 1 includes mean search duration, mean search time per day, and mean tota time of
the working day (i.e., generdly out of the kennd).



Within the context of the study, the maximum effective duty cycle under moderate
environmenta conditionswas at least 91- 120 minutes of continuous searching. Data
show that elapsed search time and total search duration were weekly related to number of
fdse darms, trends are expected, given that as search time increases, the opportunity to
emit false darmsincreases. Data aso show that elapsed search time, total search
duration, and search order were not related to probability of detection.

In summary, the data show that dl four dogs were willing and able to work aslong as
asked: In other words, the dogs did not provide their own limits. The conditions of the
study did not exceed their capabilities to work for extended periods.

5.4 Performance Correlates

Along with performance measures, an extensive array of physiologica and

environmentd variables was recorded under dl the operationd conditions. These
variables were measured in order to examine how canine physiology is affected by search
conditions and to safeguard the hedlth of the dogs. Environmenta factors were recorded
in order to document conditions under which searches were conducted and their relation,
if any, to performance.

This section rel ates performance characteristics to physiologica and environmenta
variables. These relationships aid in evauating the possibility that some of these
variables influence detection performance. The wedth of data routindy collected as part
of the measurement protocol alows calculation of numerous correations, which may be
found in Appendix E. Many of these relationships are obvious and do not warrant
atention (e.g., body temperature and heart rate or body temperature and environmenta
temperature). Other relationships are not practically meaningful and will be ignored
(e.g., number of errors made in one search and total daily search duration). Instead,
discussion will focus on those rdationships that might generdly be assumed to be
important.

For example, consider the relationship between ending body temperature and
performance measures. Figure 10 plots percent hits as afunction of the dog’ s body
temperature a the end of each search for each dog and averaged across dogs. The graphs
show the value for each sesson and alinear line of best fit. A linear line of best fit
indicates trends, i.e., increases or decreases, in data. Although informative, trends are not
adways indicators of significant relationships between measures. Two dogs (Booga and
Marco) showed a tendency to perform worse with increasing body temperature, and one
dog (Sadi) showed no clear rdationship. However, only the datafor Sam show a
datigticaly significant correlation (p = 0.01), and it was a pogitive (as temperature
increased, % hits increased) relationship. 1t may be concluded that a consistent and
meaningful relaion between ending body temperature and performance measures can not
be generdized to any dog.
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Figure 11 shows the relationship between ending body temperature and another
performance measure - number of fsedarms. It is easy to see from these graphs that
this performance measure does not vary systematicaly with this variable for any dog.
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The following figures address rel ationships between environmenta variables and basic
performance measures. Figure 12 shows the relationship between ending environmenta
temperature and percent hits. All functions show some degree of negetive (as ending
temperature increase, % hits decreases) correlation, but only those for Booga, Marco, and

al dogs are qatigticdly sgnificant.
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Figure 13 shows the relationship between ending environmenta temperature and number
of fdsedams. None of the corrdations are Saidticaly sgnificant.
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Dog handlers and canine program managers consstently report that high heet (>85 F)
coupled with high humidity (>70%) reduces effective canine working time. Although no
decrement in performance was observed under combined high heet and humidity, these
parameters were necessarily congtrained by the conditions encountered in Auburn. Only
17 searches were conducted in which both temperature was greater than 85? F and
percent humidity was greater than 50%. Dogs are, of course, deployed in areas where
more extreme conditions are routine (e.qg., southern Florida). This study could not
address more extreme conditions than were available, thus, the best information available
isthat extreme hesat + high humidity decreases dog performance. However, it warrants
congderation that the dogs in this study were specificaly trained and conditioned to
perform extended searches in the prevailing conditions.

6.0 Discussion

6.1 Duty Cycle Findings

Perhaps the most important finding about the duty cycle isthat none of the dogs refused
to work when prompted, had significant reductions in search rate, or exhibited declining
detection performances over time. Although they might have dowed down somewhat
under some conditions, they continued to search when commanded and continued to find
targets. Thisfinding is particularly encouraging because it suggests that the dogs did not
bring their own limitsto the task. Although it is reasonable to assume that some limits
exigt under which dogs would quit or perform poorly, the accumulated experience during
this project suggest that trainers and handlers can have a substantial impact on how long
their dogs are willing and able to work effectively.

Within practicd limits, dogs will work for extended periods of time if they aretrained to
do so. Within the context of this study, search sites and logistical support accommodated
long search scenarios, both key aspectsin training for extended searches. Another
critical agpect in training the dogs in the study to work for extended periods involved
target probability. Thisrequired dispersang training aids throughout the search pattern
such that the dogs searched for extended periods of time before encountering the hides
(33 min per target on average), but aso encountered a sufficient number of hides so that
there would be enough reinforcement opportunities to maintain search behavior over the
required periods of time,

6.2 Contributing Variables

An important aspect of this study was its consderation of a number of variables that
could influence duty cycle outcomes. Environmenta and physiologica variables were
measured in order to assess their impact, if any, on the performance of the dogs.
Conditions exigting in Auburn, Alabama at the time of the study may not have been
extreme enough or representative of operationa conditions experienced by other canine
programs. The duty cycle is pecific to the operationad mission; the particular operationa
missions of other detection dog programs may require that dogs work in even more
arduous conditions than those experienced by the dogsin this sudy.
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The body temperature of the dogs at the end of each search, when their temperature is
presumably highest, showed a Satisticaly significant corrdation for one dog for one
performance measure - percent hits. There was only one satisticaly sgnificant
correlation between ending heart rate and any performance measure.

There is dightly more evidence that the temperature of the search environment is
correlated with poorer performance. Two of the four dogs showed a Satisticaly
ggnificant negative relationship between environmenta temperature and percent hits (as
well asthe dl dogs aggregate), but none of the correlations with false darms or errors
were satidicaly sgnificant. None of the correl ations between relative humidity and
these performance measures were satigticaly sgnificant. Again, this study could not
examine performance under more extreme conditions, which may produce more
deleterious effects on dog performance, than those afforded by the prevailing climate of
Auburn, Alabama. The temperatures experienced in this study ranged from 18.37F to
102.97F with a combined mean of 74.67F. Extremely low temperatures, below freezing,
may aso impact detection by virtue of reducing the vapor emitted from target materid.
However, conditions in Auburn were never representative of sustained low temperatures.

In sum, athough correlations between the body temperatures of dogs and the
environmental temperatures taken at the end of searches were Satidticaly sgnificant (see
Appendix E), these variables were not strongly and consstently related to performance
measures. The effects of environmenta temperature and humidity on handlers may be a
source of comment or complaint, but these data suggest that it may not be useful to
assume that dogs have the same reactions. After dl, human physiology is different from
canine physology and human reactions to environmenta conditions are greetly
influenced by how socid experiences have taught us to react. Dogs do not suffer such
condraints unless functionaly trained to by their handlers. These findings certainly do
not mean that adverse environmental conditions do not affect the performance of detector
dogs, but the effects may be less strong and less generd than is suspected. Furthermore,
it may be that the better trained and conditioned adog is, the lessit is influenced by
factorsthat are extraneousto its task.

7.0 Summary of Findings
The study has shown that:

1. Within the context of the study, the effective duty cycle under moderate
environmental conditions was at least 91- 120 minutes of continuous
searching. Data show that dl four dogs were willing and able to work aslong
as asked: In other words, the dogs did not provide their own limits. The
conditions of the study did not exceed their capabilities to work for extended
periods.

2. Environmenta and physiologica variables were not strongly related to duty
cycle measures. Only one dog showed a gatigtically significant positive



relationship between percent hits and body temperature. Two of the four dogs
showed a datigticaly sgnificant negative relaionship between percent hits

and environmental temperature. No correations between performance and
relatively humidity were satidticdly sgnificant. However, this study could

not address more extreme conditions, which may effect dog performance, than
that afforded by the prevailing climate of Auburn, Alabama

. The study suggested that training detector dogs to work for long periods
requires that certain features of training and deployment protocols be trested
in aparticular manner. These features include the size of search settings, the
number of hides used, and the digtribution of hides.

27
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Erratum
To Accompany
“Duty Cycle of the Detector Dog: A Basdline Study”

Page 10, Fgure 1

Caption above bar graph displaying percent hits as afunction of search time should read
“172 searches’, “322 searches’, “ 103 searches’, “ 33 searches’, and “4 searches’
respectively from left most bar to right most bar. These are the total numbers of searches
minus the number of searches in which there were no targets hides present.

Page 13, Figure 4

Caption above bar graph displaying percent hits as afunction of search order should read
“181" searches’, “176 searches’, 128 searches’, “99 searches’, 32 searches’ and “9
searches’ respectively from left most bar to right most bar. These are the total numbers of
searches minus the number of searchesin which there were no targets hides present.

Page 15, Figure 6

It should be noted that for graphs displaying percent hits (Figure 1, page 10; Figure 4,
page 13; Figure 6, page 15; Figure 8, page 17; Figure 10, page 21; Figure 12, page 23),
searches with no target hides are not included.

Pages 17 & 18, Figures8 and 9

The vauesindicated as “weighted averages’ were arrived a in the following manner:

Firgt, the number of observations for each dog across time bins was normaized by only
using a number of observations equa to the smalest number of observationsin any
gngletimebin. For example, if there were only 2 time binsand bin 1 = 10 obsarvations
and bin 2 = 8 observations, only 8 observations from bin 1 was sdected for use in further
“weighted” caculations. Next the following caculation was employed to determine
weighted group means per time bin:

(total normalized obsarvations al dogs)( total normdized hits al dogs)
tota normdized observations dl dogs

This manipulation was made so that individua observations across dogs have equa
influence on the group mean. For downtime greater than 75 minutes, there were very few
(e.g., 0,1,2) for most dogs in most bins, therefore, these group means were not
normalized or weighted. Asthe text cautions, there are few observation at longer
downtimes and these data points should be given little interpretive vaue.



Page D-1, Appendix D

The reference “ closed Sadi’s economy” refers to actions taken to, as much as possible,
limit socid reinforcement (e.g., praise, petting, & play) outsde of the “working” context.
Thiswas done in response to areduction in her detection performance with the hope that
it would increase the efficacy of socid reinforcement in the “working” context, in the
same way that deprivation of food increases the efficacy of food as reinforcement of
desired responses. No effects on performance could be attributed to this manipulation.

Page E-1, Appendix E

The fallowing explandtions of the statistica terms and procedures are provided to aid in
the interpretation of results presented in Appendix E (excerpts from Zar, JH. (1996)
Biogtatistical Analysis, 3¢ ed):

A correlation is ameasure of the direction and degree of relationship that exists between
two variables. The degree of rdationship can vary anywhere form being nonexistent to
being perfect. Relaionship is expressed as alinear function (relationship). A correlation
coefficient (r) expresses quantitatively the magnitude and direction of the correlation.

The correlation coefficient can vary from +1 to —1. The sign of the coefficient tdlsus
whether the relationship is positive or negative. The numerical part of the correlation
coefficient describes the magnitude of the corrdlaion. The higher the number, the greeter
the corrdation. Since 1 isthe highest number possible, it represents a perfect correation.
A correlation coefficient of +1 means that the correation is perfect and the rdlationship is
positive. A correlation coefficient of -1 means that the corrdation is perfect and the
relationship is negative. When the relationship is nonexistent, the correlation coefficient
equas 0. Imperfect relationships have correlaion coefficients varying in magnitude
between 0 and 1. They will be plus or minus depending on the direction of the
relationship. The corrdation coefficient is caculated as.

r= XY
sq root (?2x* ?y°)

R? is called the coefficient of determination; r> equals the proportion of the total
vaiahility of Y which is accounted for or explained by (attributed to) X. It may be
described as the amount of variability in one of the variables (either X or Y) accounted
for by corrdating that variable with the second varigble. It is caculated as by squaring
the correlation coefficient (r?). Asin regression anaysis, r> may be considered to be a
measure of the strength of the linear or Sraight-line relationship.

Adjusted r?, (r22), is referred to as the adjusted coefficient of determination, and is more
acceptable measure of the “goodness of fit” of the regression line. Wheressr? dways
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increases when avalue is added to a variable (or observation) within aregresson modd,
r.2 will increase only if an added variable resultsin an improved fit of the regression
equation to the data. If r.2 isabetter estimate of r?, and if r? is near zero, the calculated
ra- may actudly be negative. Thisvaueis cadculated as

r2=1- nl1 (1-r?
n-m-|

*where n =total number of observations and m= number of independent variablesin the regression model.

The dphalevd (the probability or p-vaue) isthe threshold probability level againgt
which the obtained probability is compared to determine the reasonableness of the null
hypothesis. (The null hypothesis Sates that the independent variable has no effect on the
dependent variable or that no relationship between two variables exists). It aso
determinesthe critica region for the rgection of the null hypothess. Alphaisusudly set
a0.050r 0.01. Theadphaleve issat at the beginning of the experiment and limits the
probability of makeaTypel error. (A Typel error occurs when the null hypothesisis
rgected and it istrue).

p < 0.05= 95% probability that arelationship exists between the variadbles; or, 5%
probability that chance done is responsble for differences between variables.

p < 0.01= 99% probability that a relationship exists between the variables; or, 1%
probability that chance done is responsible for differences between variables.

Sometimesiit is degrable to know the value of a population mean. Sinceitisvery
uneconomica to measure everyone in the population, arandom sample is taken, and the
sample mean is used as an etimate of the population mean. The next step isto determine
how close the sample mean is to the population mean. The usud way to answer this
question isto caculate arange of vaues for which oneis reasonably confident that the
range includes the population mean. The wider the range, the greater the confidence that
the range contains the population mean. These ranges are cdled confidence intervals.
Therefore, a confidence interva is arange of vaues which probably contains the
population mean. It is possible to quantitatively construct confidence intervas about
which there are specified degrees of confidence. The 95% confidence intervd isan
interval such that the probability is 0.95 that the interval contains the population value.
Thus, when a 95% confidence interva is specified, what is meant is that the probability is
0.95 that the interval contains the population mean.
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ACROSSENTIRE DURATION OF STUDY

SUMMARY DESCRIPTIVE DATA

BOOGA MARCO SADI SAM ALL DOGS
# Targets 210 244 301 292 1047
#Hits 162 164 233 215 774
# Misses 48 80 63 77 273
#Fa 32 13 37 50 132
#Errors 102 116 129 149 496
% Hits 77 67 77 73 73.9
Min/Tar get 32.12 50.3 33.19 32.86 32.99
Min/Miss 14052 102.56 146.91 124.62 126.51
Min/Fa 210.78 631.15 270 191.92 261.64
Min/Error 66.13 70.73 77.44 64.4 69.63
Min To 1% Hit Of Search 17.23 20.64 17.79 20 1894
Min To 1% Hit Of Day 24.74 2167 26.35 28.62 2531
Begin Dog Temp 10243 101.66 1022 10191 102.03
End Dog Temp 104.32 103.76 10343 103.34 1037
Begin Hr (10 sec) 18.02 16.59 1743 16.32 17.15
End Hr (10 sec) 19.81 18.11 19.09 17.62 1871
Dog Temp Change 1.89 2.09 143 143 1.67
Hr Change 173 148 175 132 157
Total Search Duration 6745 8205 9990 9596 34536
Average Sear ch Duration 41.89 46.34 45.62 49.46 47.37
Number Of Searches 161 177 219 14 751
# Of Days Sear ched 54 54 61 61 230
# SearchesW/Temp>106 | 22 9 4 6 41
Search Time Per Day 124.9 15194 163.77 157.31 150.16
Environment Temp Begin 73.59 72.01 7447 76.59 74.48
Environment End 74.33 73.10 74.95 77.15 75.22
Environment Temp 62 111 45 .68 75
Change
Total Out of 14,776 18,330 22,605 19.864 75,575
Kennel Duration
Average Out of 30155 39848 41861 389.49 377.03
Kennel Duration
Number of Blank 24 25 39 26 114
Sear ches
Proportion of Blank 15 A1 .18 A3 15
Sear ches
Min To 1% ufaof day 21.6 2.2 34.6 204 25.2
Min To 1% ufaof dayin 26 214 405 21.2 27.2
target trials
Min To 1% ufaof dayin 180 270 133 174 171

blank trials
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The standard operating procedure for deployment involved the following genera
components.

EaB N

©oo NGO

Travel to the Ste

Water dog

Allow dog to diminate

Determination of search parameters and characteristics by the scorer
4.1. ldentifying search area parameters

4.2. Determining if target(s) would be placed

4.3. Determining number of targetsto place

4.4. Determining distance of separation for targets
Pacement of blanks

Placement of non-targets

Placement of targets

Measurement of physiologica data by the handler
Measurement of environmenta data by the scorer

10 Search with handler and dog with scorer recording data
11. Measurement of physiologica data by the handler

12. Water dog

13. Allow dog to diminate

14. Measurement of environmental data by the scorer

15. Retrieval of odor sources

Travel to the following Ste if required
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Configuration

Stainless sed permestion tube (14cm long x 1.2cm diameter)
Removable cap a one end opens 2.5 cm exposing three 1cm long openings
Odor source materias (11 ml) placed on cotton insde tube
Target Odors
Geraniol
Dimethyl thiazole

Non Target Odors

L-carvone
Anesole

Tube with cotton only (blanks)



APPENDIX D

LIST OF CHANGES MADE DURING
THE COURSE OF THE STUDY
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10/26
11/9
/15
115
1/29
2/1
2/10
2/12
2/19
3/4
3/22
417
4/12
4/14
4/23
5/7
6/21
6/23
6/23
6/23
6/25
7126
8/18
8/18
8/26

o7
9/20
11/9

40

Started non-targets

Began recording data

Rader gtarted handling

Began running through lunch

Stopped non-targets

Changed source volume (geraniol=5?1, DMT=17?I)

Stopped running through lunch

Began running on gloves

Modified reinforcement dengty

Bushbee stopped handling

Corrected for too much prompting

Mullins gtarted handling

Identified medical problems with Sam

Began Sam’s medication

Changed source volume (geraniol=1?l, DMT=17?I)

Stopped placing blanks (decision made 5/7 —fri, implemented on 5/10)
Resumed running through lunch

Began feedback sheets

Resumed placing blanks

Stopped retraining misses

Closed Sadi’ s economy (decision made 6/25 —fri, implemented on 6/28)
Busbee started handling again

More verbal ups

Scorer provides feedback regarding compliance during searches
Changed target dengity

Changed source volume to 1?1 both compounds

Increased source materia volumes (geraniol=5?1, DMT=3?l)
Changed odor source materid volumes ((geraniol=3?l, DMT=17?I)
Ended data collection
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R-SQUARED, ADJUSTED R-SQUARED, AND
PROBABILITY VALUESFOR VARIABLES (P< 0.05 SHADED)

A “P’ VALUE OF LESSTHAN 0.05 INDICATES A
STATISTICAL SIGNIFICANCE

1.0 Per cent hits

v Booga Marco Sadi Alldogs

# of targets 0.00 0.01 0.00 0.01 0.00
-0.01 0.00 0.00 0.00 0.00

0.66 0.32 043 0.23 0.59

#FA 0.00 0.00 0.02 0.00 0.00
0.00 -0.01 0.00 0.00 0.00

043 0.68 0.06 042 0.15

Minutesto first 0.16 0.16 013 0.08 012
hit 0.15 0.16 012 0.08 012
<0.01 <0.01 <0.01 <0.01 <0.01

Minutes to first 0.00 0.79 0.08 0.03 0.00
FA -0.05 0.76 0.04 -0.01 -0.01

0.86 <0.01 0.16 0.37 0.92

Dog temp. 0.00 0.00 0.00 0.00 0.00
begin -0.01 0.00 0.00 0.00 0.00
0.65 0.52 0.61 0.55 0.87

Dog temp. end 0.00 0.02 0.00 0.04 0.00
0.05 0.01 -0.01 0.03 0.00

0.83 0.09 0.74 0.01 0.22

Heart rate 0.00 0.00 0.02 0.00 0.00
begin 0.00 0.00 0.01 0.00 0.00

0.53 0.52 0.07 047 0.10

Heart rate end 0.00 0.00 0.00 0.01 0.00
-0.01 0.00 -0.01 0.00 0.00

0.92 0.52 0.85 0.25 0.18

Mean dog 0.02 0.01 0.00 0.01 0.00
temp. 0.02 0.01 -0.01 0.01 0.00
0.09 0.13 0.97 011 0.44

Mean heart rate 0.00 0.00 0.00 0.01 0.00
-0.01 0.00 0.00 0.00 0.00

0.76 0.45 0.42 0.32 011

Changein dog 0.04 0.00 0.00 0.04 0.00
temp. 0.03 0.00 0.00 0.03 0.00
0.02 0.40 0.54 0.01 0.27

Changein 0.00 0.00 0.01 0.01 0.00
heart rate 0.00 -0.01 0.01 0.00 0.00
0.51 0.97 0.09 0.35 0.88

Total duration 0.00 0.01 0.00 0.00 0.00
-0.01 0.00 0.00 0.00 0.00

0.83 0.21 0.62 0.51 0.98

Daily search 0.25 0.00 0.01 0.01 0.26
duration 0.01 -0.02 0.00 0.00 0.26
<0.01 0.84 051 0.51 <0.01

Env. Temp. 0.05 0.01 0.00 0.01 0.01
begin 0.04 0.01 0.00 0.00 0.00

0.01 0.12 0.38 0.22 0.01
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Env. Temp. 0.05 0.03 0.00 0.01 0.01
end 0.05 0.02 0.00 0.00 0.01
0.01 0.05 0.61 0.33 0.01
Mean env. 0..06 0.02 0.00 0.01 0.01
Temp. 0.05 0.01 0.00 0.00 0.01
0.01 0.08 0.51 0.35 0.01
Changein env. 0.00 0.00 0.01 0.00 0.00
Temp. -0.01 -0.01 0.00 -0.01 0.00
0.59 0.68 0.28 0.79 0.86
Humidity 0.00 0.00 0.00 0.01 0.00
begin -0.01 0.00 0.00 0.00 0.00
0.79 0.49 0.56 0.31 0.83
Humidity end 0.00 0.00 0.00 0.00 0.00
-0.01 -0.01 -0.01 0.00 0.00
0.69 0.69 0.80 041 0.86
Mean humidity 0.00 0.00 0.00 0.00 0.00
-0.01 0.50 -0.01 0.00 0.00
0.73 <0.01 0.64 0.36 0.78
Changein 0.00 0.00 0.00 0.00 0.00
humidity -0.01 0.00 -0.01 -0.01 0.00
0.84 0.27 0.86 0.88 0.55
Search number 0.00 0.00 0.00 0.00 0.00
-0.01 -0.01 -0.01 -0.01 0.00
0.99 0.80 0.84 092 0.95
Number of 031 041 0.28 0.27 0.32
searches 0.29 0.40 0.27 0.26 0.32
<0.01 <0.01 <0.01 <0.01 <0.01

20 Number of false alarms

Booga Marco Sadi Alldogs

# of targets 0.00 0.01 0.00 0.00 0.00
0.00 0.01 0.00 -0.01 0.00
0.57 0.11 0.41 0.85 0.39
Minutes to first 0.04 0.00 0.00 0.00 0.00
hit 0.03 0.00 0.00 0.00 0.00
0.02 0.55 0.55 0.64 0.19
Minutesto first 0.00 0.00 0.02 0.07 0.02
FA -0.04 -0.06 -0.01 0.04 0.01
0.73 078 0.37 0.12 0.15
Dog temp. 0.01 0.01 0.00 0.01 0.00
begin 0.00 0.00 0.00 0.00 0.00
0.20 0.28 0.71 0.19 0.83
Dog temp. end 0.00 0.01 0.00 0.00 0.00
0.00 0.01 0.00 0.00 0.00
0.56 017 031 0.39 0.06
Heart rate 0.00 0.00 0.00 0.00 0.00
begin 0.00 -0.01 0.00 0.00 0.00
0.52 0.96 0.83 0.76 0.76
Heart rate end 0.00 0.00 0.00 0.00 0.00
-0.01 -0.01 0.00 0.00 0.00
0.65 0.76 0.57 0.32 0.39
Mean dog 0.00 0.02 0.00 0.00 0.00
temp. -0.01 0.01 0.00 0.00 0.00
0.68 0.10 051 0.38 0.31




Mean heart rate 0.00 0.0 0.00 0.00 0.00
0.00 -0.02 -0.01 0.00 0.00

0.59 0.84 0.88 0.64 0.85

Change in dog 0.01 0.00 0.00 0.00 0.00
temp. 0.01 -0.01 0.00 0.00 0.00

0.18 0.86 041 0.62 0.06

Changein 0.00 0.00 0.00 0.01 0.00
heart rate -0.01 -0.02 0.00 0.00 0.00
0.99 0.77 040 0.19 0.14

Total duration 0.01 0.00 0.04 0.00 0.01
0.01 -0.01 0.03 0.00 0.01

0.16 0.76 <0.01 0.63 0.01

Daily search 0.09 0.00 0.00 004 004
duration 0.07 -0.02 0.03 0.03 0.03
0.03 0.96 012 0.10 <0.01

Env. Temp. 0.00 0.00 0.00 0.00 0.00
begin -0.01 0.00 0.00 0.00 0.00
0.96 0.46 0.50 0.51 0.63

Env. Temp. 0.00 0.00 0.00 0.00 0.00
end -0.01 0.00 0.00 0.00 0.00

0.97 0.58 0.70 0.64 0.84

Mean env. 0.00 0.00 0.00 0.00 0.00
Temp. -0.01 0.00 0.00 0.00 0.00
0.99 054 0.63 0.56 0.74

Changein env. 0.00 0.00 0.00 0.00 0.00
Temp. -0.01 0.00 0.00 0.00 0.00
0.84 0.51 0.50 0.52 0.36

Humidity 0.01 0.00 0.00 0.00 0.00
begin 0.00 -0.01 0.00 0.00 0.00

0.22 0.88 0.75 0.39 043

Humidity end 0.02 0.00 0.00 0.00 0.00
0.01 -0.01 0.00 -0.01 0.00

0.10 0.74 0.36 0.79 0.27

Mean humidity 0.02 0.00 0.00 0.00 0.00
0.01 -0.01 0.00 0.00 0.00

0.14 0.73 0.40 0.55 0.22

Changein 0.00 0.00 0.00 0.01 0.00
humidity 0.00 -0.01 -0.01 0.00 0.00
0.46 0.99 0.82 0.26 0.66

Number of 0.03 0.02 0.05 0.02 004
searches 0.01 0.01 0.03 0.02 004
0.20 0.09 0.08 0.03 <0.01

30 Number of errors
Booga Marco Sadi Alldogs

Minutes to first 0.01 0.07 0.01 0.01 0.02
hit 0.00 0.06 0.00 0.00 0.01
0.24 <0.01 0.25 0.26 <0.01

Minutes to first 0.02 0.25 0.02 0.01 0.00
FA -0.02 0.23 -0.01 -0.02 -0.01

0.51 0.05 0.45 0.61 0.78

Dog temp. 0.00 0.00 0.01 0.00 0.00
begin -0.01 -0.01 0.00 0.00 0.00

0.97 0.76 0.16 0.45 0.15
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Dog temp. end 0.03 0.00 0.00 0.02 0.00

0.02 -0.01 0.00 0.01 0.00

0.05 0.72 044 0.07 045

Heart rate 0.00 0.01 0.02 0.00 0.01

begin -0.01 0.00 0.01 0.00 0.01

0.86 0.27 0.07 0.62 0.02

Heart rate end 0.00 0.00 0.00 0.02 0.01

-0.01 0.00 0.00 0.01 0.01

0.77 0.64 0.36 0.09 0.01

Mean dog 0.01 0.00 0.01 0.01 0.00

temp. 0.01 -0.01 0.00 0.01 0.00

0.16 0.83 0.24 0.13 0.25

Mean dog heart 0.00 0.00 0.01 0.01 0.01

rate -0.01 0.00 0.00 0.00 0.01

0.88 0.35 0.19 021 0.01

Changein dog 0.02 0.00 0.00 0.01 0.00

temp. 0.01 0.00 0.00 0.01 0.00

0.13 0.46 0.88 0.16 0.87

Changein 0.00 0.00 0.00 0.01 0.00

heart rate -0.01 0.00 0.00 0.01 0.00

0.67 0.58 0.69 0.10 031

Total duration 0.03 0.03 0.04 0.01 0.03

0.02 0.02 0.04 0.00 0.02

0.03 0.02 0.00 0.24 0.00

Daily search 0.20 0.10 012 0.18 0.15

duration 0.19 0.08 0.10 0.00 0.15
<0.01 0.02 0.01 0.24 <0.01

Env. Temp. 0.01 0.01 0.00 0.00 0.00

begin 0.01 0.00 0.00 -0.01 0.00

0.14 0.25 0.60 0.79 0.36

Env. Temp. 0.02 0.01 0.00 0.00 0.00

end 0.01 0.01 0.00 -0.01 0.00

0.14 0.17 049 0.85 0.31

Mean env. 0.02 0.01 0.00 0.00 0.00

Temp. 0.01 0.00 0.00 0.00 0.00

0.14 0.18 0.58 0.71 0.35

Changein env. 0.00 0.00 0.00 0.00 0.00

Temp. -0.01 -0.01 0.00 0.00 0.00

0.76 0.88 045 0.33 0.59

Humidity 0.00 0.00 0.00 0.00 0.00

begin 0.00 0.00 0.00 -0.01 0.00

0.57 0.55 0.71 0.83 0.52

Humidity end 0.00 0.00 0.00 0.00 0.00

0.00 -0.01 -0.01 -0.01 0.00

044 0.80 0.90 0.93 0.56

Mean humidity 0.00 0.00 0.00 0.00 0.00

0.00 -0.01 0.00 -0.01 0.00

049 0.76 0.58 0.4 0.46

Changein 0.00 0.00 0.00 0.00 0.00

humidity -0.01 -0.01 -0.01 0.00 0.00

0.74 0.90 0.92 0.53 0.80

Number of 012 0.00 0.08 0.00 0.10

searches 0.10 0.17 0.06 0.00 0.09
0.01 0.02 0.03 0.34 <0.01




4.0 Beginning dog temperature
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Booga Marco Sadi Alldogs

Heart rate 0.19 0.14 0.31 0.04 0.20
begin 0.19 0.13 0.31 0.03 0.20
<0.01 0.00 <0.01 0.01 <0.01
Heart rate end 0.00 0.00 0.08 0.00 0.02
-0.01 0.00 0.08 0.00 0.02
0.83 0.53 0.00 0.38 0.00
Mean heart rate 0.06 0.03 0.24 0.02 011
0.06 0.02 0.23 0.01 011
<0.01 0.02 <0.01 0.06 <0.01
Changein 0.13 0.14 0.05 0.00 0.06
heart rate 0.12 0.13 0.05 0.00 0.06
<0.01 <0.01 <0.01 0.38 <0.01
Total duration 0.05 004 0.04 0.08 004
0.04 0.03 0.03 0.07 0.05
0.01 0.01 0.01 <0.01 <0.01
Env. Temp. 0.01 0.00 0.00 0.08 0.01
begin 0.01 0.00 0.00 0.08 0.01
0.14 0.51 0.53 <0.01 0.02
Env. Temp. 0.01 0.00 0.00 0.04 0.00
end 0.00 0.00 0.00 0.04 0.00
0.26 0.52 0.57 0.01 0.08
Mean env. 0.01 0.00 0.00 0.07 0.01
Temp. 0.00 0.00 0.00 0.06 0.00
0.22 0.53 0.56 <0.01 0.04
Changein env. 0.00 0.00 0.00 0.07 0.01
Temp. -0.01 0.00 -0.01 0.06 0.01
0.64 0.56 0.4 <0.01 0.01
Humidity 0.01 0.00 0.00 0.00 0.00
begin 0.00 0.00 0.00 -0.01 0.00
0.25 0.H 0.64 0.80 0.73
Humidity end 0.00 0.00 0.00 0.00 0.00
-0.01 -0.01 0.00 -0.01 0.00
0.57 0.97 0.74 0A 0.60
Mean humidity 0.00 0.00 0.00 0.00 0.00
0.00 -0.01 -0.01 -0.01 0.00
044 0.95 0.97 0.93 0.80
Changein 0.00 0.00 0.01 0.00 0.00
humidity 0.00 0.00 0.00 0.00 0.00
0.53 0.67 0.17 0.56 0.22
Search number 0.00 0.04 0.00 0.06 0.01
0.00 0.04 0.00 0.06 0.01
0.58 <0.01 0.74 <0.01 <0.01

5.0 Ending dog temperature

Booga Marco Sadi Alldogs

Heart rate 0.00 0.00 0.00 0.01 0.00
begin -0.01 0.00 -0.01 0.01 0.00
0.88 0.46 0.4 0.11 0.09
Heart rate end 0.10 0.08 0.10 0.23 0.14
0.10 0.08 0.09 0.22 0.15
<0.01 <0.01 <0.01 <0.01 <0.01
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Mean heart rate 0.04 0.04 0.03 0.08 0.07
0.04 0.04 0.02 0.08 0.07

0.01 0.01 0.02 <0.01 <0.01

Changein 0.10 0.05 011 031 0.12
heart rate 0.09 0.05 0.10 0.30 012
<0.01 <0.01 <0.01 <0.01 <0.01

Total duration 0.00 0.00 0.00 0.00 0.00
-0.01 0.00 -0.01 0.00 0.00

0.69 045 0.98 0.39 0.88

Env. Temp. 0.40 0.36 0.09 0.22 0.18
begin 040 0.35 0.09 0.22 0.19
<0.01 <0.01 <0.01 <0.01 <0.01

Env. Temp end 0.46 0.37 0.07 0.30 021
045 0.37 0.07 0.30 021

<0.01 <0.01 <0.01 <0.01 <0.01

Mean env. 045 0.37 0.08 0.27 0.20
Temp. 044 0.37 0.07 0.27 0.20
<0.01 <0.01 <0.01 <0.01 <0.01

Changein env. 0.08 0.00 0.01 0.05 0.01
Temp. 0.08 0.00 0.01 0.04 0.01
<0.01 0.60 011 <0.01 0.01

Humidity 0.00 0.00 0.04 0.00 0.00
begin -0.01 0.00 0.03 0.00 0.00

0.74 0.64 0.01 0.39 0.30

Humidity end 0.04 0.00 0.04 0.04 0.01
0.04 0.00 0.04 0.03 0.01

0.01 0.62 0.00 0.02 <0.01

Mean humidity 0.02 0.00 0.04 0.02 0.01
0.02 -0.01 0.03 0.01 0.01

0.08 0.92 0.01 0.08 0.04

Changein 0.07 0.04 0.00 0.04 0.03
humidity 0.06 0.03 0.00 0.04 0.02
0.00 0.02 0.54 0.01 <0.01

Search number 0.06 0.00 0.01 0.00 0.01
0.06 -0.01 0.00 0.00 0.01

<0.01 0.91 0.16 0.70 0.03

6.0 Beginning heart rate
Booga Marco Sadi Sam Alldogs

Mean dog 0.09 0.07 012 0.00 0.10
temp. 0.08 0.06 011 -0.01 0.10
<0.01 <0.01 <0.01 0.87 <0.01

Change in dog 0.10 0.05 0.17 0.05 0.07
temp. 0.09 0.05 0.16 0.04 0.07
<0.01 <0.01 <0.01 <0.01 <0.01

Total duration 0.01 0.00 0.03 0.02 0.02
0.00 -0.01 0.02 0.02 0.02
0.28 0.83 0.02 0.05 <0.01

Env. Temp. 0.00 0.01 0.08 0.03 0.03
begin -0.01 0.01 0.08 0.02 0.03
0.73 0.11 <0.01 0.03 <0.01

Env. Temp. 0.00 0.01 0.08 0.03 0.03
end 0.00 0.01 0.08 0.02 0.03
0.38 0.11 <0.01 0.03 <0.01
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Mean env. 0.00 0.01 0.08 0.03 0.03
Temp. 0.00 0.01 0.08 0.02 0.03
051 0.12 <0.01 0.03 <0.01
Changein env. 0.03 0.00 0.00 0.00 0.00
Temp. 0.02 -0.01 0.00 0.00 0.00
0.05 0.80 0.59 0.70 0.20
Humidity 0.00 0.01 0.00 0.01 0.00
begin -0.01 0.01 0.00 0.01 0.00
0.82 0.12 0.59 0.10 011
Humidity end 0.00 0.01 0.01 0.01 0.00
-0.01 0.00 0.00 0.00 0.00
0.74 0.30 0.19 0.18 0.28
Mean humidity 0.00 0.01 0.00 0.01 0.00
-0.01 0.00 0.00 0.01 0.00
0.84 0.18 0.33 0.14 0.16
Changein 0.00 0.01 0.00 0.00 0.00
humidity -0.01 0.00 0.00 -0.01 0.00
0.62 0.31 0.38 0.77 0.50

7.0 Ending heart rate

Booga Marco Sadi Alldogs

Mean dog 0.06 0.02 0.16 0.17 0.12
temp. 0.05 0.01 0.16 0.16 0.12
<0.01 0.07 <0.01 <0.01 <0.01
Change in dog 0.06 0.07 0.00 0.14 0.04
temp. 0.05 0.07 0.00 0.14 0.04
<0.01 <0.01 0.83 <0.01 <0.01
Total duration 0.01 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.29 040 0.65 0.35 0.58
Env. Temp. 0.01 0.00 0.02 0.01 0.00
begin 0.00 0.00 0.01 0.00 0.00
0.37 0.50 0.07 0.19 0.98
Env. Temp end 0.01 0.00 0.02 0.03 0.00
0.00 0.00 0.01 0.03 0.00
0.25 0.49 0.09 0.02 0.52
Mean env. 0.01 0.00 0.02 0.02 0.00
Temp 0.00 0.00 0.01 0.02 0.00
0.28 048 0.09 0.06 0.66
Changein env. 0.00 0.00 0.00 0.05 0.01
Temp. 0.00 -0.01 0.00 0.04 0.00
043 0.83 0.62 0.01 0.05
Humidity 0.00 0.00 0.00 0.00 0.00
begin -0.01 0.00 -0.01 0.00 0.00
0.58 049 0.93 0.38 0.65
Humidity end 0.01 0.01 0.01 0.00 0.00
0.00 0.00 0.01 0.00 0.00
0.21 0.23 0.16 0.63 0.20
Mean humidity 0.01 0.01 0.00 0.00 0.00
0.00 0.00 0.00 -0.01 0.00
0.27 0.29 0.54 091 0.59
Changein 0.00 0.00 0.02 0.03 0.01
humidity -0.01 0.00 0.02 0.02 0.01
0.56 0.49 0.03 0.03 0.02
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Search number 0.04 0.01 0.00 0.00 0.00
0.03 0.00 0.00 0.00 0.00
0.02 0.29 0.99 0.69 0.15
8.0 Total duration
Booga Marco Sadi Alldogs
Env. Temp 0.00 0.00 0.00 0.00 0.00
begin -0.01 -0.01 0.00 0.00 0.00
1.00 0.95 0.92 0.35 0.79
Env. Temp. 0.00 0.00 0.00 0.00 0.00
end 0.00 0.00 0.00 -0.01 0.00
048 0.50 041 0.95 0.20
Mean env. 0.00 0.00 0.00 0.00 0.00
Temp. -0.01 -0.01 0.00 0.00 0.00
0.65 0.71 0.66 0.71 0.56
Changein env. 0.04 0.04 0.08 0.04 0.04
Temp. 0.03 004 0.08 0.03 0.04
0.03 0.01 <0.01 0.01 <0.01
Humidity 0.00 0.00 0.01 0.02 0.01
begin -0.01 0.00 0.01 0.01 0.00
0.74 0.52 0.11 0.06 0.04
Humidity end 0.00 0.00 0.00 0.00 0.00
-0.01 0.00 0.00 -0.01 0.00
0.62 0.68 0.53 0.76 0.80
Mean humidity 0.00 0.00 0.01 0.01 0.00
-0.01 -0.01 0.00 0.00 0.00
0.62 1.00 0.24 031 0.25
Changein 0.00 0.02 0.02 0.04 0.01
humidity -0.01 0.01 0.01 0.03 0.01
0.98 0.10 0.06 0.01 <0.01
Search number 0.06 012 014 0.10 0.10
0.05 011 014 0.10 010
<0.01 <0.01 <0.01 <0.01 <0.01
9.0 Daily search duration
Booga Marco Sadi Alldogs
Mean env. 0.26 0.00 0.03 0.01 0.06
Temp. 0.24 -0.01 0.02 -0.01 0.06
<0.01 0.71 0.17 054 <0.01
Mean humidity 0.00 0.00 0.01 0.00 0.00
-0.02 -0.01 -0.01 -0.02 0.00
0.78 100 044 0.88 0.98




