Maintaining the operational
performance of detection dogs
What is this note about?
This note provides guidance on how to maintain the same detection performance in operational searches as
observed in training searches. The note focuses on applying good training and operational practices to maintain
operational performance. It does not cover physiological effects on performance (e.g. illness, environmental
conditions).

Who is this note relevant for?
This note is for all detection dog handlers and trainers. It is particularly relevant:
• For dog teams who do not encounter target odours regularly in the operational environment or are not able to
regularly reward their dogs on operational finds.
• Where there are consistent differences between the training and operational environments that the dogs may
notice.

Introduction
The likelihood of a detection dog indicating on a target
odour in an operational search reduces significantly if
they are not given frequent opportunities to find target
odours and/or are not rewarded for indicating on them
in the operational environment [1].
Dogs facing this problem may appear unmotivated to
search or they may still appear to search actively. In
both cases, these dogs may not be effectively sniffing
for target odours and may not indicate on them if they
are encountered in the operational environment.
This problem can be mitigated by:
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• Matching the number of opportunities dogs have
to detect target odours in training and operational
environments.
• Making the training environment as similar as
possible to the operational one(s).
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It is therefore essential to understand why and how
performance declines (see Section 1). This document
also explains four approaches that can be used
(preferably together) to maintain optimum operational
performance of detection dogs:
• Increasing the frequency of operational
reinforcement (Section 2).
• Introducing partial reinforcement during training
(Section 3).
• Varying search lengths and including blank searches
(Section 4)
• Increasing the similarity between contextual cues
during training and operational searches (Section 5).
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Research evidence of performance decline
during repetitive, unrewarded searches
In a research study [1], detection dogs were trained
to detect four target odours (three explosives, one
non-explosive). They were then required to conduct
a daily search of the same ‘work’ location for six
weeks, where they did not encounter any target
odours.
When all four target odours were reintroduced
to the work location after six weeks, the dogs’
detection rate on them had fallen to 23%. The
majority of the missed target odours had been
searched by the dogs; they appeared to be
searching normally, but were actually not searching
effectively.
During this six week period they also had two
training days (during weeks three and five) at a
different location. The dogs successfully indicated
on all target odours during these training days,
demonstrating that their performance decline
in the work environment was not because they
had forgotten the target odours or the indication
behaviour.
It took six searches in the work location with target
odours present before detection levels returned to
the same levels as in training.

Section 1 - Why and how does
performance decline?

worth searching effectively when the instructor is
not there. In this case the instructor has become a
contextual cue.

During training, detection dogs learn to search for
target odours and indicate (e.g. sit or freeze) when
they encounter a target odour to get a reward. To
train and maintain these behaviours, training sessions
often involve multiple targets and provide frequent
opportunities for dogs to be rewarded for correctly
indicating. In contrast, in operational environments,
dogs often search without encountering any
target odours. If they do encounter a target odour
operationally, they may not be rewarded for indicating
(as dogs should not be rewarded for indications on
unknown substances, and it may also not be logistically
feasible or safe to reward dogs operationally).

It is particularly important to keep in mind that the
presence of contextual cues during training could mean
that the dog searches well and indicates on targets
during training sessions, but performs less well in
operational environments, when these contextual cues
are absent. This does not mean that the dogs have
forgotten what they have learnt in training; they simply
learn that they will not be rewarded for exhibiting the
behaviour in other contexts.

Dogs can quickly learn whether there are any cues
present during a search that let them know how likely
they are to find any target odours, and also how likely
they are to get a reward for indicating. This is similar to
when a dog learns to predict when it is being taken for
a walk from something as simple as the owner picking
up their house keys or putting on a coat. If the cues
are reliable enough, dogs can learn how likely they are
to get their reward on any given search, and therefore
how much effort they should put into searching and
indicating. Because the cues are part of the search
environment, or context, they are referred to as
contextual cues.
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Contextual cues that are usually present during training
sessions let the dog know that they should try hard
during these searches, as there is a good chance of
finding a target and getting a reward for indicating.
While anything can potentially become a contextual
cue, some common examples that may normally be
present during training sessions include:
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• Sights, sounds, odours and routines of the training
venue.
• The instructor being present.
• Different handler behaviour during training.
• The handler only carrying the reward (ball/toy) when
training.
• The dog wearing a training harness.
• Other dogs, people or vehicles being present.
If these contextual cues are usually absent or different
during operational searches, where the dog does not
usually encounter target odours (or is not rewarded for
indicating on them), then the dog will learn that they
should only try their hardest during searches when the
training-related contextual cues are present.
For example, if the dog is only ever rewarded when
it encounters targets that the instructor has placed
out, the dog will learn that it is worth searching and
indicating when the instructor is around, but it is not

Two specific operational scenarios that
will lead to reduced target detection if not
addressed:
• A dog encounters target odours
operationally but is not rewarded for
indicating on them
- The dog will rapidly learn to ignore
operational targets, as indicating on them is
not rewarded, but may continue to indicate
during training.
• A dog does not encounter target odours
operationally and is therefore not given the
opportunity to indicate
-	Finding a target odour acts as reinforcement
for active searching and allows indication
to be rewarded. Without this opportunity
dogs may continue to search, however, their
attention to target odours and probability of
indicating will reduce operationally over time.
The following sections cover different methods of
countering the effect of contextual cues so that
performance is maintained outside of training sessions.
Although each approach can be applied separately,
they are most effective if used together.

Section 2 - Increasing the
frequency of operational
reinforcement
By introducing opportunities for dogs to be rewarded
for correct indications in operational environments,
the level of difference between training sessions
and operational searches is reduced. Detection
performance can be maintained by allowing dogs to
find and indicate on any trained target odour during
their operational searches [1-3].
In many scenarios, placing out a real target material is
inappropriate as it could cause security issues, potential
false alarms by alternative detection equipment, or
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uncertainty in any investigation of criminal activity (e.g.
area contamination). To avoid these problems, dogs
can be trained on an additional target odour that is not
related to their training samples, and is not otherwise
likely to be found in their search environment. These
‘performance maintaining training aids’ (PMTAs) can
then be placed out in operational searches to allow
dogs to receive reinforcement for indicating on them.
Research supporting performance maintaining
training aids
Two additional groups of dogs completed the study
detailed on page 1, but both groups were regularly
exposed to target odours in the work location and
were rewarded for indicating [1].
The first group encountered the three trained
explosive targets, but not the fourth (non-explosive)
target. The second group encountered only the
non-explosive target in the work location.
At the end of six weeks when all four targets were
introduced to the work location, both groups had
better detection rates than at the start of the six
weeks (>80%).
Crucially, the detection rate on the three explosives
was the same for both groups despite one group
not being exposed to the explosive targets for six
weeks; exposure to one unrelated trained target
had maintained (and improved) performance on all
other trained targets [1].

Using performance maintaining training
aids (PMTAs)
Use of a PMTA should be agreed with all parties
involved in the operational search or response
before the dog is deployed.
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Suggested PMTA format
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Other, similar containers (certified clean
with tightly fitting lids) can be used if
dropper bottles are not available.

PMTA: A few drops of
chosen odour (e.g. essential
oil) placed onto cotton wool.

Placing PMTAs out during operational searches
• PMTAs should ideally be placed out prior to a
search commencing. If this is not feasible, they can
be placed out during a search, preferably in an area
the dog has not yet searched.
• If possible, the PMTA should be placed out by
someone other than the handler. This will optimise
effectiveness by allowing the handler to work ‘blind’
to the PMTA location.
• The person placing out the PMTA should engage
with/touch other parts of the search area so that
their odour is not uniquely linked to the PMTA’s
location.
• To enable the handler to work ‘blind’, the PMTA
location can be written down and provided to the
handler prior to the search (e.g. on folded paper
that the handler doesn’t look at). Following an
indication, the handler can check the paper to allow
immediate confirmation of whether or not the dog
has correctly indicated.
• The PMTA odour should be easily accessible to
the dog (but the PMTA should not be visible).
The intention is for the dog to maintain search
motivation after receiving a reward, not to test the
dog’s ability to find concealed targets.
• Once the dog has been rewarded after indicating on
the PMTA, the PMTA should be removed to allow
the dog to continue searching.
• Once removed, the PMTA’s location should be
re-checked by the dog (after a suitable delay) or
carefully checked by the handler to ensure any real
threats haven’t been overlooked.
What to use as PMTAs
Research shows that a single PMTA odour is effective
at maintaining performance [1-3]. It is important to
note the odour does not need to be related to a target
odour in order for it to be effective.

Lid with airtight seal (e.g. PTFElined, screw top): to secure
the bottle during storage (this lid
should be removed before placing
out the bottle).

‘Certified clean’ glass bottle that
is robust and easy to conceal. The
optional dropper insert allows odour
release whilst preventing content
spillage.
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The most appropriate PMTA odour will depend on the
location that individual dogs are required to search. The
PMTA odour should be:
• Safe and easy to handle (e.g. non-toxic, not
contraband).
• Not able to cause false positives on other detection
equipment (e.g. not related to contraband, unless
demonstrated not to cause false alarms, or there is
no possibility of detection equipment being used in
the venue).
• Unlikely to cause the dog to indicate on other
common substances encountered during search.
As the same locations are likely to be searched on
multiple occasions, it is also important that the PMTA
odour does not contaminate the area, as this may
cause false indications (or interest) on future searches.
Therefore:
• Odours related to training rewards should not
be used (e.g. toy/tennis ball pieces) because
rewarding the dog following a find will leave odour
‘contamination’ on the floor/walls.
• There should be a clean barrier (e.g. clean paper)
between the PMTA container and environment.
How often to use PMTAs
PMTAs are most effective if they are used on the same
proportion of operational searches as dogs encounter
training samples during training sessions. However,
where this is not possible, any operational use of
PMTAs is beneficial.
Training with PMTAs
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To be effective, PMTAs must be trained using the same
method as used for other targets, ideally on the same
training days. Dogs must receive the same reward for
indicating.
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During training, ‘blank’ PMTAs (e.g. empty dropper
bottles containing cotton wool) and blank barrier
material (e.g. clean paper) should be placed out, and
dogs not rewarded for indicating on them, to ensure
the dog learns the correct odour. However, blank
PMTAs should not be placed out operationally to avoid
unnecessary operational false alarms.

Section 3 - Introduce partial
reinforcement during training
If dogs cannot always be rewarded for correctly
indicating during their operational searches, then it
is important to build their resilience by not always
rewarding correct indications during training. Only
rewarding the dog’s correct behaviour on a proportion
of occasions is called partial reinforcement.

Why does partial reinforcement work?
Partial reinforcement teaches the dog that it is worth
persevering with the same behaviour even if it is not
rewarded on some occasions, as it may be rewarded
next time. It also increases the similarity between
training and operational contexts (where the dog might
not always find a trained target and/or it may not be
logistically possible to reward them immediately for
correct indication behaviour), reducing the effect of
contextual cues.
How to use partial reinforcement
During the initial training of a behaviour, dogs should
always be rewarded for the correct response (e.g. a
correct indication). This ‘continuous reinforcement’
encourages rapid learning. Once the desired
behaviour is fully learned, a proportion of correct
responses should not be rewarded (known as partial
reinforcement). This proportion is gradually increased
to build up the dogs’ resilience to not always being
rewarded for a learned response – the dogs do not
expect a reward for every correct indication.
On occasions where dogs indicate correctly but are
not rewarded (with ball, food etc.), they should be
calmly praised and moved away from the target (clip
on the lead if necessary). They should later be given
the chance to indicate again on the same type of target
(in a different location) where they should be rewarded
as normal. This replicates the sequence of events that
may occur on finding a real target during operations.
The proportion of instances when dogs are not
rewarded should gradually increase until a desired
proportion is reached. The best proportion to use will
depend on a number of different factors, including
each dog’s training experience and how much they
value their reward. Proportions of rewarded responses
ranging from ¼ (25%) to ¾ (75%) have been used to
effectively maintain behaviours in a range of different
animal species, including explosives detection dogs.
However, higher ratios of partial reinforcement (above
⅔ (66%) rewarded indications) have been related to
higher detection rates in explosives detection dogs [4].
In light of this, it is recommended that approximately ¾
(75%) of correct indications are rewarded, referred to as
a 75% reinforcement schedule. This would mean that
¼ (25%) of correct indications would not be rewarded.
Partial reinforcement is more effective if it is
unpredictable, so care should be taken to avoid any
obvious patterns. Similarly, the ratio used should be
changed between training sessions; for example,
sometimes the dog is rewarded every time they indicate
correctly, other times ¾ (75%) indications are rewarded
correctly, other times only ⅔ (66%) indications are
rewarded, producing an overall reinforcement schedule
of approximately 75% across all training sessions.
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Section 4 - Varying search lengths
and including blank searches

increase training and operational similarity are outlined
below.

If dogs are always trained using the same length
of search, they will be poorly prepared to perform
effectively on the different lengths of searches they
may encounter operationally. Training searches should
therefore be varied to reduce the level of predictability
and build resilience to unrewarded operational
searches. It is important to vary the length of training
searches, the time at which dogs find a target odour
during the search (i.e. ensure dogs experience both
early and late finds), and include some searches with
several targets present and some with none.

1) Remove obvious training cues that will not be
present during operations, for example:

Search length
Dogs given experience of long searches during training
(before encountering a target) will search for longer
on operational searches. This is because dogs learn
that they sometimes need to search for longer periods
before finding an odour/being rewarded. Longer
searches also build their physical search stamina. Dogs
should also experience short training searches where
they encounter targets very quickly, so they learn to
search intensively from the start.
Blank searches
The proportion of searches that contain a target odour
during a training day should also be varied. Once
trained to reliably find all target odours, dogs should
be taught that some training searches (both long and
short) will not contain a target.
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An optimal training day should consist of at least one
long search (prior to encountering a target odour)
and multiple short searches, some of which do not
contain any target odours. The relative lengths of
the long and short searches should be determined
based on operationally realistic scenarios and varied
regularly.
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Section 5 - Increasing the
similarity between training and
operational contextual cues
Increasing the similarity of contextual cues between
training and operational scenarios helps to make it
harder for dogs to tell the difference between the
two settings, thereby helping to maintain operational
performance [5]. It is essential that handlers understand
the importance of minimising the differences between
the training and operational contexts, and take all
reasonable steps to do so. Some approaches to

Where possible:

• Instructor presence: Is the same instructor
always present for training searches but never
operationally? Does the instructor only walk behind
on training searches?
-	 Consider conducting a proportion of training
searches, particularly the first search of the day,
with no instructor present. The target location
can be provided to the handler on folded paper,
for immediate confirmation, or confirmed via
phone or radio.
• Training sample odour: Are training samples
handled by the handler at the start of the training
day?
-	There is potential for the dog to smell targets prior
to training searches and use this as a cue that
targets will be present during the search.
-	Consider changing sample handling practices
to reduce the likelihood of dogs smelling targets
prior to training searches (e.g. samples are
handled by a different person away from the dog)
and ensure good contamination control (see ‘Why
and how to control contamination’ guidance note
[6] for further information).
• Vehicle location: Is the dog always on its own for
operations but next to other dogs for training?
- Consider parking the dog vehicle away from other
dogs if this more closely replicates operations.
• Training location: Does training happen in a small
number of specific locations?
-	Is it likely that the dog recognises the training
locations?
-	Is it likely that there is contamination of the training
area (by both targets and dogs)?
-	If possible, conduct training in operational areas,
particularly if the dog only works in a small
number of locations.
-	If the dog searches in multiple operational areas,
ensure the dog trains in multiple training locations.
• Morning routine: Does this differ significantly
between operations and training days?
-	Consider ways to make the morning routine more
similar to allow the first training search of the day
to be operationally realistic.
• Number, duration and type of searches: Does
this differ significantly between operations and
training days?
-	Consider changing the training searches to more
closely match operations (see Section 4 above).
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2) Introduce training cues into operational
searches:
• Moveable cues: Do the dog and handler always
wear/carry the same equipment for training and
operations?
-	Ensure the dog has a specific working harness/
collar that it always wears when training and
working but not elsewhere.
-	Ensure that the handler always carries the same
training reward and any other training equipment
operationally.
-	Ensure that the handler doesn’t wear noticeably
different clothing/uniform during training and
operations.

Key terms
Continuous reinforcement: Rewarding a
behaviour every time the dog does it.
Partial reinforcement: Only rewarding a behaviour
on some occasions rather than every time.
Reinforcement schedule: The proportion of
correct indications on target odours that are
rewarded (with ball/toy/food etc.).
Blank search: A search with no target odours
present.
Contextual cues: Any aspect of the environment
or people’s behaviour that a dog might remember
and use as a ‘hint’ about what is likely to happen
next.
Moveable cues: are contextual cues (e.g. training
harness) that are present in training and are moved
into operational environments. These cues reduce
the difference between the two contexts and help
to transfer trained behaviour to the new context.

Top tips for maintaining operational performance of detection dogs
Create opportunities for dogs to be rewarded for searching and correctly indicating in operational
environments. This can be achieved through the use of non-hazardous Performance Maintaining Training
Aids (see Section 2).

ü

Introduce partial reinforcement during training so that dogs learn that they are not always rewarded when
they indicate correctly. Partial reinforcement builds up dogs’ resilience if they cannot always be rewarded
operationally (see Section 3).

ü

Vary the placement of targets and lengths of training searches, including some blank searches with no
targets, to prepare dogs for different operational scenarios (see Section 4).

ü

Prevent dogs from learning how likely they are to encounter a target odour and be rewarded for
indicating, by identifying contextual cues and ensuring that they do not differ between training and
operational searches (see Section 5).
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ü
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Associated Guides and Information
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This guidance is intended only for use by the stated audience and, in any event, is subject to the limitations stated
in the guidance. By making it available, neither Dstl nor any other part of HMG accept any liability whatsoever
(except in respect of death or personal injury) for any cost, expense, liability, loss, claim or proceedings arising from
any reliance placed on this guidance, however arising.
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