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Summary

People hearing dogs barking often claim that vocalizations differ among various situations Lord, Feinstein et al. 2009()
 and humans have been shown able to make a distinction between various barks and associate them with appropriate emotional content Molnár, Pongrácz et al. 2009()
. For example, in line with Morton’s (1977) hypothesis based on mammalian and avian vocalizations, short, high-pitched barks indicate playfulness and longer, low frequency barks indicate aggressiveness.
In present research nine German Shepherds (trained following the standards of the IPO program) are used to investigate how their behaviour and vocalizations differ between five different training-related situations that assumingly cause different emotional or motivation states in the dogs.  Situation 1 is barking on command, situation 2 is barking for a ball (reward) on own initiative, situation 3 is barking when guarding the helper, and in situations 4 and 5 the dog is positioned in his or her trailer. In situation 4 a person (male) approaches the trailer, walks past and back again. In situation 5 the same route is followed, but now the person is accompanied by a dog. Behaviours and vocalizations produced in the different situations are compared as to identify objective acoustic parameters that discriminate between different emotional states, with the latter being deduced from context, function of barking and associated behaviour of the dogs. 
The recorded material (e.g. movies) and sounds were analysed using Observer and Raven software. The behavioural classes locomotion, tail position, ear position, and events are considered for analysis with events referring to behaviours of short duration (for example jumping, barking etc.). Sounds are analysed for the frequency, duration and amplitude of the barks. Statistical analyses, performed with GenStat, included linear mixed model analysis (with restricted maximum likelihood) of variance components to test for effects of training-related contexts and a principal components analysis to detect relationships between measurements.
Assumed indicators for the emotional state of a dog are the parameters social signal change, front paw lifting, and tail wagging. The change in social signals covers the transition of a high tail position to a neutral position and a position of ears pointing forwards to a neutral position. Tail wagging and forward pointing ears are interpreted as signs of excitement. Relatively much change in these parameters occurred when dogs barked on command and when guarding a helper (contexts 1 and 3). 
The amount of change in social signals, jumping, front paw lifting, tail wagging, and barking are positively correlated to the mean frequency of barking. This indicates that a higher barking frequency results in change of social signals and more parameters. The mean bark frequency is inversely correlated to bark duration, implying that high frequency barks have a short duration and low frequency barks have a longer duration. Long, low-pitched barks are characteristic for aggression, while short, high frequency barks are characteristic for a lack of aggression. These short, high-pitched barks mostly occurred in situation 1 and 3, showing that this kind of barking is related to excitement.
When a dog is positioned in his or her trailer and a person accompanied by a dog is approaching, an average amount of barking, high frequency, amplitude range, and delta time is seen combined with a low amount of growling / peeping. Whereas in the case when a person is approaching alone, the longer and low pitched barks with small amplitude range as well as a lot of growling / peeping are heard. This shows that a dog is more threatened by a single person than by a person accompanied by another dog approaching the dog’s territory. 
It can be concluded that the behaviour and vocalizations of German shepherd trained following the standards of the IPO program differ among various situations and that the emotional state of the dog is connected to this situation. The emotional status of a dog can be induced from the behaviour, the function of barking, and vocalizations of the animal.
In order to generalize barking and behaviour of dogs, future research is needed. A large number of dogs of different species should be used. Good communication between owners and investigators is necessary to improve the situations and the way owners deal with them.
Samenvatting
Mensen die hebben geluisterd naar blaffende honden beweren dat het blaffen verschilt in verschillende situaties Lord, Feinstein et al. 2009()
, en er is  aangetoond dat mensen in staat zijn om een onderscheid te maken tussen verschillende soorten blaffen en deze te associëren met een emotionele staat Molnár, Pongrácz et al. 2009()
. Onderzoeker Morton (1977) concludeerde op basis van zoogdier- en vogelvocalisaties, dat korte, hoge toon blaffen wijzen op speelsheid en dat langere blaffen met een lage frequentie karakteristiek zijn voor agressie. 

Voor het huidige onderzoek zijn negen Duitse Herdershonden gebruikt (getraind volgens de richtlijnen van het IPO programma) om na te gaan of hun gedrag en vocalisaties verschillen in verscheidene trainingsgerelateerde situaties. Daarnaast is gekeken of de emotionele status van de hond gerelateerd is aan de situatie waarin het dier was. In situatie 1 ging het om blaffen op commando, in situatie 2 om blaffen voor een bal(beloning) op eigen initiatief en in situatie 3 om blaffen terwijl de hond een pakwerker bewaakte. In situaties 4 en 5 zat de hond in zijn of haar hondenkar, waarbij in situatie 4 een persoon langs de hondenkar liep (en weer terug). In situatie 5 werd dezelfde route gevolgd, maar nu door een persoon vergezeld door een hond. De vocalisaties, geproduceerd tijdens de verschillende situaties, zijn met elkaar vergeleken om objectieve akoestische parameters te identificeren welke onderscheiden in emotionele statussen van de hond, zoals afgeleid uit de context, de functie van blaffen en het vertoonde gedrag van de honden.  

Het opgenomen materiaal en de geluiden zijn geanalyseerd met gebruik van Observer en Raven software. Geanalyseerd zijn de gedragsklassen locomotie, staartpositie, oorpositie en gebeurtenissen (events). Gebeurtenissen zijn gedragingen van korte duur zijn (vb. springen, blaffen, etc.). Geluiden zijn geanalyseerd voor frequentie, duur en amplitude. Statische analyses, uitgevoerd met behulp van GenStat, bestonden uit een mixed model analyse (restricted maximum likelihood) van variantie componenten om de effecten van de (traininggerelateerde) contexten te testen. Een principale componenten analyse is uitgevoerd om verbanden tussen de gemeten (gedrags- en geluids-)  parameters aan te tonen. 

Veronderstelde indicatoren voor de emotionele toestand van een hond zijn de parameters: verandering in sociale signalen, optillen van de voorpoot en kwispelen. De verandering van sociale signalen betekent de verandering van een hoge staart naar een neutrale staart en van voorwaarts gerichte oren naar neutraal gepositioneerde oren. Kwispelen en voorwaarts gerichte oren worden geïnterpreteerd als indicatoren voor opwinding. Relatief veel verandering in deze parameters vond plaats toen de honden blaften op commando of toen ze de pakwerker bewaakten. De hoeveelheid verandering van sociale signalen, springen, optillen van de voorpoot, kwispelen en blaffen zijn positief gecorreleerd met de gemiddelde frequentie van het blaffen. Dit wijst erop dat een hogere frequentie van blaffen resulteert in meer verandering van sociale signalen en toename van de genoemde, opwindinggerelateerde,  gedragingen. De gemiddelde frequentie van blaffen bleek omgekeerd gecorreleerd aan de duur van het blaffen, wat indiceert dat blaffen met een hoge frequentie een korte duur hebben en blaffen met een lage frequentie van langere duur zijn. Lage tonen zijn karakteristiek voor agressie en hoge tonen voor een gebrek aan agressie. De korte, hoge toon blaffen komen het meeste voor in situaties 1 en 3, wat erop wijst dat dit soort blaffen in die situaties gerelateerd is aan opwinding. 

Wanneer een hond zich in zijn of haar hondenkar bevindt en er nadert een persoon vergezeld door een hond, wordt er een gemiddelde hoeveelheid van blaffen, met hoge frequentie, amplitude en duur gezien. Terwijl, wanneer er een persoon alleen nadert, langere blaffen met een lage frequentie en klein amplitudebereik in combinatie met een grote hoeveelheid grommen gehoord worden. Dit geeft aan dat een hond zich meer bedreigt voelt door een persoon die alleen zijn of haar territorium nadert dan dit gebeurt door een andere hond met baas.

De conclusie is dat het gedrag en de vocalisaties van Duitse Herdershondenverschillen in verscheidene situaties. In de verschillende contexten, was het gedrag van de honden anders evenals specifieke karakteristieken en functies van hun blaffen en er bleken associaties tussen gedragsparameters en blafparameters. Dit ondersteunt de gedachte dat blafkenmerken emoties en motivaties in honden (deels) weerspiegelen. 
Om preciezer iets te kunnen zeggen over blaffen en het gedrag van honden is meer onderzoek nodig naar een groter aantal honden van verschillende soorten. Goede communicatie tussen de eigenaren en de onderzoekers is nodig om de situaties te verbeteren en de manier waarop eigenaren hiermee omgaan.
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1. Introduction
Different species

Barking is a way of vocalization that is closely associated with domestic dogs, though it is also seen in other mammalian species, such as carnivores, cervids, primates, and rodents, as well as avian species. Wild canids also produce barks, including coyotes, foxes, African wild dogs and wolves; the closest ancestors of the domestic dog. There appear to be differences between barks produced by the previously mentioned species and those produced by domestic dogs. Barks can be distinguished by the range of variability in tonality/noise and mean pitch Lord, Feinstein et al. 2009()
. Based on these characteristics barks can be discriminated from the vocalizations made by dogs, such as  yelps, peeps and  growls Pongrácz, Molnár et al. 2010()
. Compared to wolves, dog barks have more variability in their pitch and harshness, while wolves mainly produce low-pitch and atonal sounds 
 ADDIN EN.CITE 

(Molnár, Pongrácz et al. 2010)
.
Informative

Dog-owners may claim that the vocalizations of dogs differ among various situations Lord, Feinstein et al. 2009()
. In general, acoustic calls of animals can transmit information about body weight, motivation state, identity, sexual status, and communicative context of the animal calling Molnár, Pongrácz et al. 2009()
. Regarding dogs, there is evidence that humans are able to categorize various barks and associate them with appropriate emotional content Pongracz, Molnar et al. 2005()
. Molnár and Pongrácz et al showed that blind people are able to accurately categorize various dog barks recorded in different contexts. Their findings indicate that people can recognize motivational states in dogs, like fear or aggression 
 ADDIN EN.CITE 

(Molnár, Pongrácz et al. 2010)
.The complexity within the dog’s repertoire is increased by subunits of the bark, making it possible in theory to further enhance the communicative value of the bark as specific subunits may stand for specific motivations, information, and expressions. The complexity is further extended by the use of mixed sounds in the barking context Feddersen-Petersen 2000()
. Comparison of avian and mammalian vocalizations by Morton showed that atonal, low-pitched signals are characteristic for aggression, while tonal and high-pitched signals express subordinance, in other words, the lack of aggressiveness Morton 1977()
. Tonal barks are characteristic for fearfulness. These barks have a high frequency and long intervals between individual barks. Atonal barks, with a low frequency and short inter-bark intervals, are characteristic for aggressiveness Pongrácz, Molnár et al. 2006()
. 
Functions

Several functions of barking have been hypothesized, such as an alarm call, a territory-marking signal, a rally call or an indicator of motivation state. Some think that barking is a developmental artefact with no intrinsic function, in other words barking is non-communicative 
 ADDIN EN.CITE 

(Feddersen-Petersen 2000; Lord, Feinstein et al. 2009)
. Other researchers think that dog barking is a form of referential communication, both intra- and inter-specific Lord, Feinstein et al. 2009()
. In wolves, three main functions of barking are known. These concern warning, defense and protest Feddersen-Petersen 2000()
.

Variation within different situations

In many situations barking in dogs seems to be directed towards man, respectively represent a reaction to living circumstances with humans; the situation a dog is positioned in by its owner, e.g. inside, outside, or in a kennel Feddersen-Petersen 2000()
. Schassburger (1993) found that different barking types occur in diverse social situations. In wolves living in packs barking caused excitement and was seen as a kind of handicap, because it drew attention of other species. Nowadays, dogs are living with humans, which is a totally different social situation compared to the wolves living in packs. Therefore, barking probably differs in acoustic parameters, like frequency and amount, and in meaning in these two situations.
Much is yet unknown about if barks in dogs are a specific way of communication or nonspecific side-product of, for example, excitement. Here, this issue is addressed by investigating if different emotional states in dogs, as determined from contexts, function of barking, and associated behaviours,  cause different types of barks. The barking of nine German Shepherds is recorded in five different situations. These recordings will be analysed in order to see if barking differs in frequency, time, and amplitude in these situations. The behaviour of the dogs is also scored. 
2. Materials and methods

The experimental approach of this study is to score behaviour and barking of several dogs in different training-related situations. This data is then analysed in order to check whether the behaviour and barks differ in the different situations due to corresponding emotional states of the animals. 
Animals
In this study on barking in dogs nine different German Shepherds (5 females and 4 males) were used. It is beneficial to use one breed because the acoustics of barking are affected by the size and structure of the dogs’ vocal tract Pongrácz, Molnár et al. 2010()
. The dogs and their owners train with Kringgroep Slingeland in Gaanderen, where they are trained following the standards of the IPO program. This program consists of three parts; the main component in part one is tracing, in part two this is compliance, and in part three the focus is on guarding. These three parts increase in difficulty as the training progresses Kringgroep Amsterdam 2005()
. Barking is essential in the last part of the program, where the dogs learn to bark (among other things) on command. Therefore, barking is well developed in these animals. Hence, these dogs have value for this study. 
Experimental design

The behaviour of the trainee dogs, both visually and auditory, was recorded in five different training-related situations. The dog’s behaviour and barks were recorded from a distance of approximately 5 m with duration of approximately 15 seconds. In situation 1, the owner commands the dog to bark. In the second situation the owner holds a ball (seen as a reward) in the air while the dog sits on the ground. No command is given, which allows the dog to decide whether to bark or not. Situation 3 is part of the training program of the dog. The dog sits in front of the helper and barks at him. This is ‘learned behaviour’ that has to be performed ‘on command’. When the dog is further in his training it is not necessary anymore to give the command verbally, because the dog has learned what to do. However, the behaviour initially is on command. In this study most dogs were experienced and did not receive the verbal command anymore. In situations 4 and 5 the dog was located in its dog trailer. In situation 4 a man approached the trailer, walking past it and back to the starting point. In situation 5 the same route was followed, but now the man was accompanied by a dog. The situations are listed in Table 1. 
The situations 1, 2 and 3 are each recorded twice. Situations 4 and 5 are each recorded once, because the behaviour and barking will not differ much during these situations. Since the dogs are located in their own trailer they feel confident about themselves Slingeland 2011()
. Besides that, the dogs are not visible for the camera due to the construction of the trailer. 

Table 1. Situations where barking is recorded and the meaning of barking in these situations

	Situation
	Description
	Meaning

	1
	Barking on command of owner
	On command

	2
	Barking for a ball (reward) on own initiative

	Anticipation

	3
	Bark when guarding a helper
	On command

	4
	Barking when a man walks by when positioned in trailer
	Frustration

	5
	Barking when a man with dog walks by when positioned in trailer
	Frustration


A SONY handy cam DCR-HC51E with Sony Mini DV tapes are used to record the barking and behaviour of the dogs within the different situations. 

Behaviours recorded
Different behaviours were classified and recorded. In this study the behavioural classes locomotion, tail position, ear position, and events were taken into account. The behavioural classes with the including behaviours are shown in Table 2. The movements of the dog were considered in the behavioural class locomotion. The positions of the tail as well as the ear positions were assumed to be indications of the emotional status of the dog. Events were behaviours of short duration, like jumping, barking and lifting front paws and a more extended description of the different behaviours can be found in appendix A.
Table 2. Behavioural classes and including behaviours per class

	Behavioural classes
	Behaviour

	Locomotion
	Walk
Sit
Stand

Run

	Tail position
	Tail high

Tail neutral

Tail low

Tail extremely low

Tail not visible

	Ear position
	Ears forwards

Ears neutral

Ears backwards

Ears extremely back

Ears not visible

	Events
	Half jump

Jump

Tail wag

Turn away head

Lift front paw

Bark

Peep

Yelp

Growl


Analysis
After recording, the video material was analysed using the Observer 5.0 software package and Raven Pro 1.3. 
The Observer 5.0 software package was used to record the different behaviours mentioned in paragraph 2.3 by focal sampling continuous recording. The software calculated the durations of specified state behaviours, frequencies of events and performed a first order sequential analysis to evaluate the order of these behaviours. The different behaviours the dogs showed were included in their total form in the time frame of the sequential analysis. The duration of separate behaviours, like standing, running, sitting and jumping, is not taken into account.
Raven Pro 1.3 is used to analyse barks. A waveform, spectrogram or a beamogram are available for representing uploaded sounds and in the present research the waveform and spectrogram are used. Examples of these are shown in Figure 2. The following parameters were chosen: begin time (s), end time (s), delta time (s), low frequency (Hz), high frequency (Hz), minimal amplitude (u), and maximal amplitude (u). The parameter low frequency (Hz) gave no relevant data and was excluded from further analysis. From every waveform and spectrogram three selections are made, each representing one bark. The previously named parameters are determined for every selection. The three selections thus represent a sample of repetitive bark recording of one dog in a given training-related situation. From the high frequency (Hz) of these three selections a mean frequency (Hz) was formed, representing the average frequency of that sound file. The background noise was taken into account when analysing the data. 
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Figure 2. Example of a waveform and a spectrogram made with Raven Pro 1.3
Statistical analysis

After transferring the data from Raven and Observer to an Excel sheet, Microsoft Access is used to make the data applicable for the computer program GenStat. The following parameters are combined to facilitate further analysis. All locomotive behaviours, which are walking, running, standing and sitting, are used to calculate the change of locomotive states (CLS). The transition of tail high to tail neutral and of ears forward to ears neutral are combined to the change of social signals (SSC). Total jump (TJ) consists of half jumping and jumping. Snout licking and tongue flicking are referred to as oral behaviour (OB).
The data were analysed with Restricted Maximum Likelihood (REML) by use of a Linear Mixed Model (LMM) in the computer program GenStat. Variance components analyses were performed to test for the effects of the training-related situations. Principal components analyses Jolliffe 1986()
 were performed to investigate interrelationships between parameters following procedures described by Van Reenen and Engel et al. Van Reenen, Engel et al. 2004()
. Principal components identify parameters that co-vary (in the same or opposite direction) as indicated by relatively high absolute loadings, which like correlations range from −1 to +1 for the same component. The relative importance of a component is indicated by the percentage of variation in the data set that it explains (i.e., can be attributed to interrelationships between parameters). Loadings over 0.4 in absolute terms are considered relevant.
The PCA calculated integrated scores for components as well. These component scores summarized the different parameters that fitted into a component. A REML analysis was performed on component 1 scores.  This provided the opportunity to test the degree of excitement in the different contexts. 
Restricted Maximum Likelihood analyses were performed using the below statistical model;
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With YAB representing a measurement taken in situation A on dog B. μ represents the overall mean and EAB is the difference between the actual measurement and the predicted value of the statistical model. Dog (n = 9) made up the random part of the statistical model and accounted for repeated measurements on the same individual. The fixed component was Situation, which represented the 5 contexts described in Table 1. 
A P value lower than 0.05 identifies significant effects when processing the results of the variance components analysis. Effects are considered a trend when P values range from 0.05 to 0.10. 
A rule of thumb was used to identify significant contrasts (i.e. differences between 2 given levels of a fixed effect); when the difference between two predicted means is larger than two times the standard error of difference (SED) for this contrast the difference is significant.
A Chi square test is performed to identify deviant values (from expected values) in the sequential analysis matrix. A threshold of three (absolute) was set for the residuals in the Chi square matrix as a marker of significant values.
3. Results 
In this section the results of the variance and principal components analysis are shown. The tables and graphs show the effect of different training-related situations on several parameters.
Variance components analysis

When the behaviour of the dogs was monitored but did not occur, the value 0 appears in the tables. In contexts 4 and 5 the dogs were not visible for the camera, this caused that the dogs could not be observed in these situations which resulted in missing values (-). 
The data in Tables 3 to 9 represent to total values gathered after processing movies and sounds of all dogs in different training related situations. Due to time and opportunity the number of recordings per context varied. The situation where dogs barked on command was recorded two (n = 5) and three times (n = 4). Dogs barking for a ball on own initiative were recorded two (n = 7) and four times (n = 2). Two dogs did not participate in context 3, barking when they guarded a helper, because they had not reached the appropriate trainings level at the moment of recording. This situation was recorded two (n = 4) or three times (n = 3). Context 4, where dogs were positioned in their trailer and a person walked past, was recorded once for all nine dogs. Context 5, where dogs were positioned in their trailer and a person accompanied by a dog walked past, was recorded once (n = 8) and twice (n = 1).
From Table 3 it becomes clear that in terms of activity (CLS and walking) dogs acted differently (more actively) in context 3, when they guarded a helper. Apparent differences in the number of changes in social signals were a side-effect of the fact that dogs could not be observed in situations 4 and 5, meaning that this behavioural parameter did not discriminate between contexts.
Table 3. Predicted means for locomotion stage (CLS), social signal change (SSC) and percentage walking in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
	Parameter
	Situation*
	CLS
	Situation*
	SSC
	Situation*
	Walk %

	P value
	
	0.045
	
	<0.001
	
	0.014

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	5**
	-
	5**
	-
	1
	0.000 A

	
	1
	3.0 A
	4**
	-
	2
	0.000 A

	
	4**
	-
	3
	 6.010 B
	4**
	-

	
	2
	3.0 AB
	2
	 6.137 B
	5**
	- 

	Largest value
	3
	3.7 B
	1
	 6.139 B
	3
	3.045 B


The superscript letters A and B indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colour green points out that the P value indicates a significant effect of situation on the parameter. 

*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations

Changes in activity (sit, stand, run) were often seen in situation 3, when they guarded a helper (Table 4). When the dogs barked on command or for a ball (contexts 1 and 2) the dogs sat down and did not show any running.
	Parameter
	Situation*
	Sit %
	Situation*
	Stand %
	Situation*
	Run %

	P value
	
	<0.001
	
	0.061
	
	0.014

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	3
	   62.3 A
	5**
	-
	1
	0.000 A

	
	2
	   95.2 B
	4**
	-  
	2
	0.000 A

	
	4**
	-
	3
	  0.0 A
	4**
	-

	
	1
	100.0 B
	2
	  4.9 A
	5**
	-

	Largest value
	5**
	-
	1
	18.1 B
	3
	3.045 B


Table 4. Predicted means for percentage sit, stand and run in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
The superscript letters A and B indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colours point out whether the P value indicates that the situation has a significant effect on the parameter (green) and whether a trend is seen (yellow) 
*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations
From Table 5 it becomes clear that the dogs were excited in situation 3, when they guarded a helper. This can be explained by a low amount of time when the tail was held neutral, a high amount of jumping and a negative value of percentage ears neutral; meaning that ears were not neutral, but pointed forwards.
Table 5. Predicted means for fraction of time with neutral tail (FTN), percentage ears neutral (EN %) and total jump (TJ) in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
	Parameter
	Situation*
	FTN
	Situation*
	EN %
	Situation*
	TJ

	P value
	
	<0.001
	
	0.479
	
	<0.001

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	3
	0.2 A
	3
	- 1.0 A
	5**
	- 

	
	2
	0.9 B
	1
	- 1.0 A
	2
	  0.0 A

	
	1
	1.0 B
	2
	- 0.9 A 
	4**
	-

	
	4**
	- 
	4**
	-
	1
	27.1 B 

	Largest value
	5**
	- 
	5**
	-
	3
	35.2 BC


The superscript letters A, B, and C indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colours point out whether the P value indicates that the situation has a significant effect on the parameter (green) and whether there is no significant effect (blue). 

*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations

When the dogs barked on command or for a ball (situations 1 and 2) they showed a relative high amount of paw lifting and turning of the head. Tail wagging did not discriminate between different contexts (Table 6).
Table 6. Predicted means for situation turning away head (TAH), lifting front paw (LFP) and tail wagging (TW) in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
	Parameter
	Situation*
	TAH
	Situation*
	LFP
	Situation*
	TW

	P value
	
	0.150
	
	<0.001
	
	<0.001

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	4**
	-
	4**
	 -
	5**
	-

	
	5**
	-
	5**
	 -
	4**
	-

	
	3
	0.9 A
	3
	 3.1 A
	2
	20.4 B

	
	2
	2.0 A
	2
	 4.8 AB
	1
	21.3 B 

	Largest value
	1
	3.5 A
	1
	11.5 C
	3
	25.7 B


The superscript letters A, B, and C indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colours point out whether the P value indicates that the situation has a significant effect on the parameter (green) and whether there is no significant effect (blue).
*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations
From Table 7 it becomes clear that the least barking and most growling / peeping occurred when a person walked past the dogs’ trailer. In the other contexts no discrimination could be made with respect to these two parameters. Oral behaviour was not visible in situations 4 and 5. This behavioural parameter did not discriminate between the other contexts.
Table 7. Predicted means for barking, growling and/or peeping (GP) and oral behaviour (OB) in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
	Parameter
	Situation*
	Bark
	Situation*
	GP
	Situation*
	OB

	P value
	
	<0.001
	
	0.002
	
	0.449

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	4**
	  1.3 A
	5**
	0.3 A
	4**
	-

	
	2
	36.1 B
	1
	0.5 A
	5**
	-

	
	5**
	37.9 B
	2
	0.6 A
	3
	0.0 A

	
	1
	49.3 B
	3
	1.3 A
	2
	0.5 A

	Largest value
	3
	49.4 B
	4**
	9.0 B
	1
	0.6 A


The superscript letters A and B indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colours point out whether the P value indicates that the situation has a significant effect on the parameter (green) and whether there is no significant effect (blue).
*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations

Table 8 shows that the dogs barked with a high frequency (Hz), a short duration (s), and low minimum amplitude (u) when they guarded a helper. When a person walked by their trailer the dogs barked with a lower frequency (Hz), a longer duration (s), and with higher minimum amplitude compared to the third context. 
	Parameter
	Situation*
	DT (s)
	Situation*
	HF (Hz)
	Situation*
	MinA (u)

	P value
	
	<0.001
	
	0.002
	
	<0.001

	Predicted means for situation
	
	
	
	
	
	

	Smallest value
	3
	0.2 A
	4**
	  3381 A
	3
	-17337 A

	
	1
	0.2 B
	5**
	10441 B
	1
	-17022 A

	
	5**
	0.2 BC
	2
	11289 B
	2
	-10821 B

	
	2
	0.3 BC
	1
	16961 BC
	5**
	 -9622 BC

	Largest value
	4**
	0.4 C
	3
	17207 C
	4**
	  -3119 C


Table 8. Predicted means for situation delta time in seconds (DT), high frequency in hertz (HF) and minimum amplitude (MinA) in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
The superscript letters A, B, and C indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colour green points out that the P value indicates a significant effect of situation on the parameter.
*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations
From Table 9 it becomes clear that the dogs barked with the largest maximum amplitude (u) in context 3, where they guarded a helper. On the contrary, in context 4, where a person walked past their trailer, the lowest maximum amplitude (u) was measured. In situation 1, when the dogs barked on command, the largest amplitude range (u) was found.

Table 9. Predicted means for maximum amplitude (MaxA) and amplitude range (ARange) in dogs (n = 9) observed in 5 different situations and P values for the effect of the latter
	Parameter
	Situation*
	MaxA (u)
	Situation*
	ARange

	P value
	
	<0.001
	
	<0.001

	Predicted means for situation
	
	
	
	

	Smallest value
	4**
	  2953 A
	1
	 -1692.5 A

	
	5**
	  9295 B
	3
	 -1355.5 A

	
	2
	  9747 B
	2
	-1079.6 AB

	
	1
	15334 C
	5**
	   -334.5 B

	Largest value
	3
	15979 C
	4**
	   -165.8 B


The superscript letters A, B, and C indicate which predicted means (within a given behaviour) differ significantly, i.e. when two values do not share any letter in the superscripts. The colour green points out that the P value indicates a significant effect of situation on the parameter.
*
Situation 1: barking on command; Situation 2: barking for a toy (ball); Situation 3: bark when guarding a helper; Situation 4: barking when someone walks by when positioned in trailer; Situation 5: barking when another dogs walks by when positioned in trailer
**  
The dog was not visible in these situations

Figure 2 represents the relation between bark duration (s) and mean frequency (Hz) with a correlation coefficient of 0.256. These two parameters were chosen because they were the most informative for this research. Other combinations were therefore not tested. The correlation coefficient was not significant, but showed a trend regarding the bark duration and mean frequency of the barks. The graph showed that barks with a high mean frequency (Hz) have a short duration.
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Figure 2. Relation between bark duration and mean frequency with a correlation coefficient of 0.256

On the basis of scores for tail wagging, jumping, front paw lifting, barking, bark duration, bark frequency, and bark amplitude the dogs were most aroused / excited in context 3, followed by 1 and 2. In situations 4 and 5 the dogs were not visible; therefore, no assumptions could be made regarding locomotion, social signal change, tail and ear positions, turning of the head, lifting of front paws and oral behaviour.
Figure 3 shows an arrow schedule for the most frequently performed behaviours of the dogs and their relationship. Barking was often followed by lifting the front paw and frequently combined with half jumping. Half jumping was regularly followed by tail wagging. 
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Figure 3. Relation between most frequently seen behaviours based on data of the sequential analysis and chi square procedure (see appendix B). The numbers represent the number of times a behaviour was followed by another behaviour. A green arrow shows that the event occurred relatively often, a red one shows that the event is rare, and a blue arrow shows that the events are not significantly following each other.  


Principal components analysis
The parameters listed in Table 10 were tested for relationships using a principal component analysis. The parameter percentage stand was not included in this table because of too high amount of zero values; therefore, it could not provide significant results. The parameters percentage walk and run, both parameters of movement, were combined to percentage walk / run. Separately, these two had a too high amount of zero values, but combined the parameters could be included in the principal components analysis. Two components explained a relevant amount of variation in the data set, namely 30 and 15%, and the loadings for the parameters of these components were presented.
Results were calculated on 80 records on 9 dogs. 

  
  


                                    Table 10. Explained variation (%) and correlations for several parameters

	
	
	Comp 1*
	Comp 2*

	Variation explained (%)
	29.52
	15.12

	
	
	

	Parameters
	
	Loadings

	Change locomotion state
	
	0.16
	0.07

	Social signal changes
	0.71
	0.24

	Percentage sit
	
	-0.35
	0.83

	Percentage walk / run
	0.34
	-0.60

	Fraction tail neutral
	-0.20
	0.76

	Percentage ears neutral
	0.09
	0.11

	Total jump
	0.84
	0.00

	Turn away head
	0.07
	0.48

	Lift front paw
	0.56
	0.42

	Tail wag
	
	0.82
	0.03

	Bark
	
	0.88
	0.11

	Growl / Peep
	-0.07
	-0.29

	Oral Behaviour
	-0.12
	0.23

	Bark duration
	-0.55
	-0.01

	Bark mean frequency
	0.91
	0.08


Relevant correlations were those which were higher than 0.4 in absolute sense. High, positive correlations denoted a positive relationship between these parameters. High, negative correlation values indicated a negative relationship. In component 1 more relevant correlations were found than in component 2 (see number of bold terms in Table 10).
The bold terms from column comp 1 (Table 10) showed that the amounts of change in social signals, jumping, front paw lifting, tail wagging, and barking were positively correlated to the mean frequency of barking. This indicated that when dogs barked with a relatively high frequency and short duration they typically showed many changes of social signals and other behaviours indicative of excitement.   In other words, high-pitch fast barks were          * Component 1 and 2 are two random selections made by GenStat
related to excitement. 
The bold terms from column comp 2 in Table 10 showed that turning of the head and fraction of time that the tail was held neutral were positively correlated to percentage sit. Percentage walk / run were negatively correlated to percentage sit indicating that dogs during the different contexts were either sitting down of moving around.
Figure 4 showed the degree of excitement in the different situations. When dogs barked on command and guarded a helper a relative high degree of excitement was seen. In context 2, where the dogs barked for a ball on own initiative, a range of a high degree to a low degree of excitement was seen. When positioned in a trailer and a person which was or was not accompanied by a dog, which was the case in context 4 and 5, dogs had a negative degree of excitement. 
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Figure 4. Degree of excitement for 5 training related situations
4. Discussion and conclusion
Vocalizations of dogs produced in five different training related situations were compared as to identify objective acoustic parameters that discriminate between different emotional states, the latter deduced from context, function of barking, and associated behaviours of the dogs. The goal of present research was to provide more clarity regarding the function of barking of dogs (specific way of communication or nonspecific side-product of, for example, excitement). 
Several behavioural parameters, like tail wagging, position of the tail and position of the ears, could indicate what the emotional / motivation state of a dog was. Tami and Gallagher showed videotapes of dogs in different contexts to people who had or had no experience with dogs. These observers indicated that tail wagging was seen in divergent situations. Tail wagging could be seen in several behaviours, like friendliness, aggression and defensiveness Tami and Gallagher 2009()
. In a study of canids, wolves and foxes regarding chiefly facial expressions it became clear that it was hard to distinguish between play and aggression based on body markings, eye contact and facial expression Fox 1970()
. In present research the emotional state of dogs was determined using behavioural parameters, like tail wagging, position of tail and ears and vocalizations (frequency, duration and amplitude). 
A number of behaviours were indicative of excitement. Figure 4 represented the degree of excitement in different situations. When dogs barked on command and guarded a helper high degrees of excitement were seen. In these contexts high amounts of jumping, tail wagging and high-pitched barking were found. The dogs used in this study were trained using positive reinforcement: adding something the animal wants when performing correct behaviour. This indicated that dogs were excited when guarding a helper, probably caused by the reward (sleeve of the helper) after performing the correct behaviour. Similarly, when dogs barked on command they likely got excited because of the following reward (a ball or treat). 
Atonal, low-pitched barks were characteristic for aggression 
 ADDIN EN.CITE 

(Morton 1977; Pongrácz, Molnár et al. 2006)
. Present research showed that relative long, low-pitched barks with a small amplitude range were heard when dogs were positioned in their trailer and a person with or without company of a dog walked past (situations 4 and 5). This kind of barking was indicative for aggression, showing that dogs showed aggressive behaviour when a person and/or dog advanced their territory. Dogs may have showed this behaviour because of frustration, being stuck in their trailer while others are free, or because of territorial behaviour. Territorial behaviour was normal canine behaviour as dogs are territorial animals that defend a particular area, which in this case was their trailer Blackshaw 1991()
. 
Table 8 shows that when a man walked past the trailer compared to the situation where a person walked past accompanied by a dog, dogs showed barks of longer duration (s) with lower frequency (Hz). This indicated that a man alone walking past their territory was more threatening than a man accompanied by a dog walking past, in other words, dogs seemed more aggressive when a man alone approached their territory. Research of Wells and Hepper showed that gender of canines and/or human could influence the behaviour of dogs. The finding of Wells and Hepper suggested that dogs reacted more defensively-aggressive towards men than women, which could influence present research in a way that dogs reacted fierce because a man was walking past their trailer Wells and Hepper 1999()
. 
In context 4 a relative high amount of growling / peeping (Table 7) was heard. In the study of Tami and Gallagher growling was used as an indicative of defensive behaviour Tami and Gallagher 2009()
. When positioned in their trailer and dogs were approached by a man, dogs likely growled as a defensive reaction. In situation 5, dogs positioned in their trailer and a man accompanied by a dog walked past, a low amount of growling / peeping was seen, suggesting that a man accompanied by a dog was less threatening than being approached by a man alone.
However, not all dogs participating in this study showed long and low-pitched barks in context 4 and 5. A possible explanation for this could be the personality of the dogs. Draper suggested three factors similarly to the five-factor model of human personality: reactivity-surgency, aggression-disagreeableness, and trainability-openness Draper 1995()
. Dogs which did show long and low-pitched barks probably scored higher in the factor aggression-disagreeableness, while dogs, which did not bark long and low-pitched, likely scored high in the trainability-openness factor.
Personality could also have influence on the amount of agitation seen in context 2. Here, dogs could bark on own initiative for a ball which was held in the air. Dogs which did not show any barking and remained calm (sat down and focussed at the toy) probably scored well in the trainability-openness factor. Unlike dogs which became highly agitated (barked, wagged their tail, jumped, ed.) and were likely to score high in the reactivity-surgency factor. 
Conclusion
Differences in vocalization and behaviour of German Shepherds among various training related situations were found. It can be concluded that barking both has a function as a specific way of communication as a nonspecific side-product of excitement. A low frequency bark of long duration indicates a situation where the dog is threatened and reacts aggressively. This was the case when a man was walking past their territory. A less strong reaction was seen when a man walked past accompanied by a dog. When a man with or without company of a dog approaches their territory, dogs will bark as the result of a defensive reaction, indicating that barking is a specific way of communication. Signs of excitement are tail wagging, forward pointing ears, jumping, and short, high-pitched barks. When dogs barked on command or guarded a helper, with a reward in prospect, dogs showed a high amount of these signs, indicating that the dogs were excited in these situations. Here, barking was a nonspecific side-product of excitement for the reward. When the function of barking in a specific context is known, it is possible to examine the emotional state of the dog and properly deal with the animal.

Recommendations
In order to improve the situations and the way the owners deal with them a goal is to communicate more between owners and investigator(s). This will result in a more controlled situation. The number of repeats was proper, because two or three repeats can form a representative average for the behaviour of a dog in a particular situation. When the dogs were not visible and in their own territory, which was the case in situations  4 and 5, it suffices to record one time, because the behaviour of the dog will not differ much during repetition of these situations Slingeland 2011()
. 
Future research
To be able to generalize barking and behaviour of dogs, more research is needed on dogs of different species. In this study only German Shepherds are used, enabling to draw conclusions for these species alone. In addition, a larger number of animals should be used. Due to a larger number of dogs, more data points will be gathered which will result in a more normalized distribution. In addition, this distribution permits to draw more justifiable conclusions. 
In future research both men and women could be used in the context of entering the dog’s behaviour to see which effect gender has on the animals. The gender of the dogs could be included in the research as well.
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Appendix A
	Behavioural class
	Behaviour
	Description
	Code
	Properties

	Locomotion
	Walk
	Dog walks, with at least one step with each paw
	wa
	State

	
	Sit
	Dog has its hind quarters on the ground and the forelegs are stretched supporting the front of the body
	si
	State

	
	Stand
	Dog has all four paws upright and extended on the ground supporting the body
	st
	State

	
	Run
	Dog runs
	ru
	State

	
	
	
	
	

	Tail position
	Tail high
	Position of the tail is higher than the neutral position of the tail
	hi
	State

	
	Tail neutral
	Natural position of the tail according to the breed standards*
	ne
	State

	
	Tail low
	Position of the tail is lower than the neutral position of the tail
	lo
	State

	
	Tail ext. low
	Tail is tugged between the hind legs
	el
	State

	
	Tail not visible
	The position of the tail is not visible
	nv
	State

	
	
	
	
	

	Ear position
	Ears forwards
	Pinnae are positioned forwards and upwards, ear openings are not visible from the side
	fo
	State

	
	Ears neutral
	Pinnae are positioned partly side wards and upwards, ear openings are partly visible from the side
	ene
	State

	
	Ears backwards
	Pinnae are positioned backwards and are in one line with the stop of the nose
	eba
	State

	
	Ears ext. back
	Pinnae are positioned backwards and are flat in the neck
	eeb
	State

	
	Ears not visible
	The position of the ears is not visible
	env
	State

	
	
	
	
	

	Events
	Jump
	Dog jumps with all paws in the air
	ju
	Event

	
	Half jump
	Dog lifts its forepaws in the air while sitting on the ground with its hind quarters
	hj
	Event

	
	Turn away head
	Head is turned away from the owner of criminal
	ta
	Event

	
	Lift front paw
	Lift one front paw while sitting on the ground
	pl1
	Event

	
	Tail wag
	Movement of the tail from side to side
	tw
	Event

	
	Bark
	Normal barking
	ba
	Event

	
	Growl
	Low, guttural, menacing sound
	gr
	Event

	
	Yelp
	Short, sharp cry/bark
	pe
	Event

	
	Yawn
	Open mouth widely and inhale deeply
	ya
	Event

	
	Snout lick
	Lick snout with tongue
	sl
	Event

	
	Tongue flick
	Flick tongue outside mouth
	tf
	Event

	
	Body shake
	Shake whole body
	bs
	Event



*  
Tail is set smoothly into the croup and low rather than high. At rest, the tail hangs in a slight 
 curve like a sabre. An excited dog or a dog that is in motion can have its tail raised and the curve accentuated, but never curled forward beyond a vertical line AKC 1994()
.
Appendix B
Table I. Matrix of sequential analysis. The numbers represent the number of times a behaviour was followed by another behaviour
	
	Jump
	Half jump
	Turn away head
	Lift front paw
	Tail wag
	Bark

	Jump
	0
	8
	0
	0
	30
	35

	Half jump
	6
	207
	2
	27
	417
	924

	Turn away head
	0
	5
	49
	11
	19
	27

	Lift front paw
	3
	27
	20
	30
	113
	238

	Tail wag
	33
	343
	25
	109
	216
	735

	Bark
	27
	973
	31
	248
	674
	1162


Table II. Chi square matrix performed on the matrix of the sequential analysis
	
	Jump
	Half jump
	Turn away head
	Lift front paw
	Tail wag
	Bark

	Jump
	-0.86
	-2.15
	-1.17
	-2.14
	3.56
	0.24

	Half jump
	-2.52
	-8.28
	-5.08
	-7.26
	3.98
	7.21

	Turn away head
	-1.06
	-4.07
	32.52
	1.53
	-1.03
	-3.38

	Lift front paw
	-0.66
	-7.26
	4.19
	0.57
	2.02
	2.80

	Tail wag
	4.70
	0.32
	-0.46
	1.81
	-5.66
	2.38

	Bark
	-0.84
	9.48
	-3.59
	3.76
	-0.06
	-7.21
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