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Latent variable models
on performance tests
in guide dogs.

e S 1. Factor analysis
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ABSTRACT

The research has been conducted on behavioural test results obtained from 143 dogs of pedigreed stock
reared in the National Guide Dog School (SNCG) of Scandicci (Firenze, Italy), consisting mostly of Labradors
and Golden Retrievers, but also including German Shepherds. All dogs have been reared under quite uniform
conditions and tested individually under similar conditions.

The results following the 11 administered subtests, [that constitute variables in our analysis], were expressed
in scores ranging from 1 to 5 and used after calculation of the rank averaged scores.

The analysis of the Pearson and partial correlations between the variables points out a clean distinction in
two groups. The first consists of variables related to characters of sociability and to relationship with the han-
dler, with expression of dominance/submissiveness and the second to characters of reaction to external stim-
uli with expressions of fearfulness/curiosity.

Results of factor analysis led us to reject the one factor model and accept a model with two factors, in which:
1) Factor I identifies variables of the group tied to the fearfulness/curiosity; 2) Factor II identifies the vari-
ables of the group tied to sociability and to relationship with the handler.

The two factors are correlated, indicating the presence of some non negligible, indirect effects.

One out of the eleven variables has not shown important evidence of contribution to any of the factors.

Key Words: Dog, Performance tests, Factor analysis, Latent variable models.

RIASSUNTO
MODELLI A VARIABILI LATENTI SULLE ASSOCIAZIONI TRA PERFORMANCE TEST
IN CANI GUIDA. 1. ANALISI DEI FATTORI.

La ricerca é stata condotta su 143 cani di razza Labrador, Golden Retriever e Pastore Tedesco allevati pres-
so la Scuola Nazionale Cani Guida di Scandicci (SNCG), Firenze. Tutti i cani analizzati sono stati allevati in
ambiente uniforme e sottoposti al test nelle medesime condizioni. I risultati seguenti alla somministrazione
degli 11 test, costituenti le variabili analizzate, sono espressi in punteggi con range da 1 a 5 e utilizzati dopo
calcolo della media dei ranghi.

L’analisi delle correlazioni semplici e parziali tra le variabili indica una netta distinzione in due gruppi di varia-
bili correlate tra loro. Il primo gruppo é composto da variabili legate a caratteri di socievolezza e al rappor-
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to con I'uomo con espressione di dominanza/sottomissione, il secondo da caratteri di reazione a stimoli
esterni con espressioni di paura/ansia.

I risultati dell’analisi dei fattori fanno rifiutare il modello ad un fattore e consentono di accettare un modello
a due fattori, in cui: 1) il fattore I identifica le variabili del gruppo legate alla paura/ansia; 2) il fattore II iden-

tifica le variabili legate alla socievolezza e al rapporto con I'uomo.
I due fattori sono tra loro correlati, indicando la presenza di alcuni effetti indiretti non trascurabili.
Una delle undici variabili non contribuisce in modo considerevole a nessuno dei fattori.

Parole chiave: Cani, Performance test, Analisi dei fattori, Modelli a variabili latenti.

Introduction

The performances of working dogs are animal
productions that lay within the realm of
behavioural sciences and are the basis of their
selection for breeding purposes. Since 1950 many
researchers have studied dog behaviour with dif-
ferent aims: simply comparing it with the evolu-
tion of other mammal behaviour or, more often, to
find characteristics that can be utilized for early
age selection and breeding.

Studies on the behaviour of dogs have been
published by many authors since 1950. Most of
them have devoted their attention to the physio-
logical or pathological development of behaviour
in the dog as a result of its interaction with human
society and interesting results concerning the
dogs’ attitude in relation to their growing environ-
ment have been observed (Anastasi et al.,1955;
Pfaffenberger, 1984; Svartberg, 2002; Svartberg,
2005). In recent decades even studies on working
dogs behaviour have been undertaken. Field stud-
ies on working dogs have focused on the “ideal”
characteristics of the good working dog in relation
to its working function (Wilsson and Sundgren,
1997; Serpell and Hsu, 2001; Svartberg, 2002;
Voltini and Leotta, 2003) with consequent
improvement in knowledge in terms of breeding
and training (Goddard, 1979; Champness, 1996).

Working with behaviour involves dealing with
many measurable variables, but also with some
unobserved (latent) variables. Many statistical
techniques have been developed for dealing with
situations in which multiple variables, (some
unobserved), are involved. In recent years, with
the advent of powerful digital computers and asso-
ciated software, it has been feasible for any inter-
ested behavioural researcher to take a multivari-
ate approach to proper data.

378

Latent variable models is a term encompass-
ing specific methods of multivariate analysis such
as Factor Analysis, Path Analysis and Structural
Equations Modeling (SEM) (Bentler and Weeks,
1980; Everitt, 1984; Bollen, 1989; Pearl, 1997;
Shipley, 2000; Loehlin, 2004) that have some com-
mon features including:

= multiple variables, where three or more are
involved:;

e one or more of these variable are unob-
served, or latent.

A recent upsurge in the analysis of animal
behaviour has consequently improved the use of
different techniques of multivariate analysis.

Factor analysis (FA) may prove to be one of the
methods useful in collating the diverse observa-
tions resulting from behavioural tests (Fuller and
Thompson, 1960).

Within human personality research, where the
study of personality traits has a long tradition, fac-
tor analysis has been used since the beginning of
the twentieth century (Digman, 1990).

Since the early '50's, there have been attempts
to apply factor analysis to animals. Many factor
analysis studies have been published, most of
which were performed on mice (Furchtgott and
Cureton, 1964; Royce et al., 1973; Simmel and
Eleftheriou, 1977), fewer on chicks (Dunlap, 1933),
or dog behaviour (Anastasi et al., 1955; Svartberg
and Forkman, 2002; Svartberg, 2005).

The reason for the infrequent use of this tech-
nique in these species stems from the difficulty in
meeting certain important methodological
requirements such as test reliability, a sufficient
number of variables to permit adequate determi-
nation and definition of each factor, and a large
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LATENT VARIABLE MODELS.1

Table 1 Breed and sex distribution of dogs.

Breed Male Female Total
Golden Retriever 27 31 58
Labrador 34 40 74
G. Retriever x Labrador 3 4 7
German Sheperd 3 1 4
Total 67 76 143

enough group of subjects so that chance errors of
sampling will not affect the correlation coefficients
too much. Owing to their failure to meet one or
more of these conditions, even the best available
factorial investigations of infrahuman behaviour
must be regarded as preliminary and exploratory.
Anastasi et al., (1955), in their study on factor
analysis of performance on certain learning tests,
have limited their analysis to exploratory factor
analysis without any use of Structural Equation
Modeling (SEM) or Wright's Path Analysis. The
same goes for studies by Svartberg and Forkman
(2002) and Svartberg (2005).

Wright's method of Path Analysis (PA)
(Wright, 1921) had been largely rediscovered by
social scientists, with the important difference
that the emphasis shifted from being an a posteri-
ori description of an assumed causal process - as
Wright viewed his method - to being a tentative
test of an assumed causal process (Shipley, 2000).

Path coefficients in factor analytic writing are
called the factor pattern coefficients, or more sim-
ply, the factor loadings.

Loehlin (2004), illustrates an alternative way
of representing a path diagram as a set of struc-
tural equations (SE). Here, each equation express-
es a downstream variable as a function of the
causal path leading into it. There are as many
equations as there are downstream variables.

The Structural Equation approach to causal
modeling originated in Economics, and the Path
approach in biology. For many purposes the two
may be regarded simply as alternative representa-
tions. Note, however, one difference: path dia-
grams explicitly represent the correlations among
source variables, whereas structural equations do
not. If using the latter, supplementary specifica-
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tion or assumptions must be made concerning the
variances and covariances of the source variables
in the model.

Biology and psychology, dealing with events
within the organism, tend to place an earlier
emphasis on the latent variable versions of path
analysis.

Analysing the information that emerged from
the dogs’ evaluation tests, we hypothesise that
stimuli administered with subtests can be viewed
as measures (imperfects) of one or more unob-
served variables (the factors or latent variables in
the language of Path Analysis) that can be related
to the ability to become a good guide dog.

The objective of this work is to verify if such a
formulation can be accepted using a method of
Factor Analysis to extract and interpret a latent

Figure 1. Scree Plot
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Table 2. Correlations between variables and statistics (mean and standard error).
Pearson correlations (below diagonal) and partial correlations (above diago-
nal).

RI RP CON SE, Ccuc RU GRI TAV OMB CAR RAP

RI 1 A41*%% -01 26%* 15 -.09 .06 -.09 .06 -.01 -.07

RP A7¥*% 1 22%% -1 14 .03 -.04 .10 -10 -11 .03

CON 24%*% 0 32%x ] 26%*% 18% .05 .02 -.01 .09 -04 -.10

SE, 33*%* 16 33%* 1 14 A1 -.04 .04 -20%  -.03  .25%*

Ccuc 32%x 0 30%* 0 [ 34%*% 32%x ] .01 13 .01 .10 24%% - 20%*

RU -.02 .03 14 .09 A8% 1 -.03 .08 38%* 14 -.02

GRI .09 .08 12 .05 29%*%  18*% 1 S1x* 15 .05 .08

TAV .03 A1 A1 .10 27F% 0 24%%  58*x ] .09 A2 17%

OMB .03 .01 13 -.07 22%%  A3%k 0 3kx 30** ] .01 .06

CAR .01 -.03 .05 .06 S0x* 0 23%x 0 24%x  28%x  19*% ] .04

RAP .07 .08 .07 29%*%  30%* 10 .10 24%% 11 A6 1

Mean 460 456 464 463 457 432 424 422 3.62 4.60 4.48

SE .057 .064 .058 .055 .059 .076 .076 .079 .089 .057 .066

Coming on recall (RI), retrieving (RP), dominance (CON), following aptitude (SE,), curiosity toward a big windowed
box in the middle of the room (CUC), reaction to noise (RU), walking on anomalous surface as grilled ground (GRI),
passage on a weighing plank (TAV), umbrella test (OMB), reaction to moving trolley (CAR) and reaction to a big pup-

pet-dog (RAP).
** Probability value, P< .01.
* Probability value, P< .05.

(or more latent) variable(s) that explains relation-
ships between observed variables (subtests).

Material and methods

Animals

Test results were obtained from 143 dogs of
pedigreed stock bred at the SNCG of Scandicci
(Florence, Italy). All dogs were reared under
quite uniform conditions: birth and first two
months in a home environment (the home of the
family to which the bitch was entrusted); then
from 8 weeks to 12 months the dogs stayed at
puppy walker families. Puppy walker families
are chosen by their minimum availability of time
to spend with the dog, to give it as much environ-
mental stimuli as possible.

The 143 dogs consist mostly of Labrador and
Golden Retrievers, but there are also German
Shepherds and a litter from a cross between a
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Labrador stud dog and a Golden Retriever bitch
(Table 1).

Performance Tests

Our study was based on performance tests
performed on dogs bred at the SNCG since 1999.
The Training Programme that dogs of SNCG fol-
low is always the same and the evaluation part
is — described as follows: at the age of 12 months,
puppies return to the school and are submitted
to the test for the evaluation of their aptitude to
become a guide dog before being allowed into the
training session. These tests are composed of 11
different subtests, which should account for the
dog’s attitude to be trained as a guide dog.

Dogs are tested individually under uniform
conditions. The test is carried out in a very large
room by the test supervisor who assesses the
dog's reaction to the situation submitted to the
dog by the test handler, assigning a score for
each subtest. The dog supervisor must always be

ITaL.J.ANIM.ScI. voL. 5, 377-385, 2006




LATENT VARIABLE MODELS.1

Table 3. Factors pattern, initial communalities (h?) and percent of total variance
explained.

Variable Factor I Factor II h?
RI .36 .54 .32
RP .35 46 .30
CON .39 33 24
SE, .34 37 .29
Cuc .62 22 .36
RU .34 -.18 .23
GRI .61 -.33 .39
TAV .64 -.36 41
OMB 41 -.26 .29
CAR .37 -.18 .18
RAP .34 .04 .18
% of total variance explained 20.26 10.65

Coming on recall (RI), retrieving (RP), dominance (CON), following aptitude (SE,), curiosity toward a big windowed
box in the middle of the room (CUC), reaction to noise (RU), walking on anomalous surface as grilled ground (GRI),
passage on a weighing plank (TAV), umbrella test (OMB), reaction to moving trolley (CAR) and reaction to a big pup-

pet-dog (RAP).

the same; the test handler can be one of three
certified dog instructors which are assigned to
the test sessions.

Performances on each of the 11 subtests are
evaluated with a score from 1 to 5, where a low
score equals a type of reaction, which is unwant-
ed in a future working dog, and a higher score
corresponds to a desired reaction by the dog.
Wanted and unwanted reactions are pre-defined
in a standardised score sheet developed by the
same veterinarian who introduced the test to the
SNCG in 1999.

After the dog is brought into the room on a
leash, doors are closed to avoid other persons
coming in during the test. The dog is unleashed
and the test starts. The 11 subtests are: coming
on recall (RI), retrieving (RP), dominance (CON),
following aptitude (SE), curiosity toward a big
windowed box in the middle of the room (CUC),
reaction to noise (RU), walking on an anomalous
surface such as grilled ground (GRI), passage on
a weighing plank (TAV), umbrella test (OMB),
reaction to moving trolley (CAR) and reaction to
a big puppet-dog (RAP).

ItaL.J.ANIM.Scr. voL. 5, 377-385, 2006

Statistical analysis

The Kaiser-Meyer-Olkin (KMQ) measure of
sampling adequacy was calculated on data set
prior to submitting it to Factor Analysis (SPSS,
1990).

The mode of approaching data in this particu-
lar latent variable model, and specifically in
Factor Analysis, was the so-called R-technique
(Cattell, 1952), where the aim is to factor the rela-
tionships among tests (or measures) that are cor-
related for a sample of subjects (dogs) based on a
single occasion of measurement (Loehlin, 2004).

Analyses were conducted on the observed cor-
relation matrix of the rank averaged scores.

Maximum Likelihood analysis was employed
for estimation of communality and extraction of
common factors.

A criterion employed for determining how
many factors to extract was based on the Scree
Plot test. The users plots successive eigenvalues
on a graph (Figure 1) and arrives at a decision
based on the point at which the curve of decreas-
ing eigenvalues changes from a rapid, decelerating
decline to a flat gradual slope (Loehlin, 2004).
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Table 4. Rotated pattern and structure, final communalities (h?) and percent of total
variance explained. Factor loadings > 0.35 are shown in bold.
Pattern Structure Final
Variable (P) (S) communalities
I II I II h?
RI -.12 .67 .07 .64 42
RP -.07 .59 10 .58 34
CON .06 .49 .20 .51 .26
SE, -.01 .51 13 .50 .25
Cuc 31 .51 45 .59 44
RU .39 .01 .39 A1 .15
GRI .69 -.01 .69 .18 .48
TAV .74 -.03 73 .18 .54
OMB .50 -.05 .49 .09 24
CAR 41 .01 41 12 17
RAP 22 .20 .28 .26 A1
% of total
variance explained 16.23 14.68

The x> test of goodness of fit was also
employed. It resulted significant for all models
inferior or equal to 3 factors. Considering that, in
general, it overestimates the number of factors,
and considering parsimonious and simplicity
interpretation criteria we accepted the 2-factor
model.

In relation to judging with regard to extraction
of factors and correctness with respect to the fit-
ting of the model, the analysis of residual correla-
tion matrix was also performed on the 2-factor
model. Only 4 out of 55 correlations resulted high-
er than ].10], with a maximum of |.14].

Furthermore, an oblique rotation method was
employed to allow the best interpretation of fac-
tors, with a gamma=0 value to account for moder-
ate correlations. Statistical analysis was conduct-
ed with Systat Version 9.11 (Systat, 1999).

Results and discussion
Table 2 reports the Pearson and partial corre-

lations among the 11 performance tests and relat-
ed statistics.
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Looking at the correlations, there is evidence
that there are two consistently distinguished
groups of correlated variables; a group of the first
5 variables and a second group of the last 6 vari-
ables. The type of stimulus given with the tests of
each group are, in fact, quite similar. In the group
of the first five variables there are all tests regard-
ing the interaction with humans (RI, RP, SE),
regarding dominance and the opposite submissive-
ness (CON), and the fact that they are correlated
to one another confirms this. The variables CUC
and SE, although belonging to the group of the
first five variables, shows correlations to variables
from the second group: SE with RAP, but CUC
with all the remaining. Furthermore, the kinds of
stimuli given with the last six variables are all
tests regarding reactions to strange situations
(TAV, CUC, GRI) or loud noise (RU) or frightening
objects (CAR, OMB). These two grouped correla-
tions between variables let us hypothesise that
factor analysis will lead to a model with more than
one factor.

Factor Analysis — The KMO measure of sam-
pling adequacy resulted in 0.686, confirming the

ITaL.J.ANIM.ScI. voL. 5, 377-385, 2006




LATENT VARIABLE MODELS.1

adequacy of the data to be submitted to factor
analysis.

Table 3 reports the factor pattern, showing the
factor loadings of the 11 variables on each factor,
as well as the initial communalities, and the pro-
portion of total variance explained by factors.

The centroid axes were next rotated in such a
way to maximize the number of zero factor load-
ings (simpler structure), with use of the oblimin
method to account for correlation between factors.
The rotated pattern is reported in Table 4.
Correlation between factors resulted in 0.28, evi-
dencing the presence of some non negligible indi-
rect effects of which there is evidence with the
inspection of correlations between factors and
variables in the structure matrix (Table 4).

If the communalities (h?) are low, some poten-
tial factors may have zero correlations with others
(Mc Donald and Mulaik, 1979). In our case the
communalities are quite high (Table 4) except for
CAR (0.17), RAP (0.11) and RU (0.15).

Percent of total variance explained by factors
was 30.91 (respectively, Factor | = 16.23 and
Factor Il = 14.68), according to values reported by
Anastasi et al. (1955) that in their research,
obtained a value of 33.4, using 17 tests that
allowed the extraction of 5 factors, of which, Factor
I and Il (similar to our factors) showed 10.0 and
12.0 of total variance, respectively. In our study
the rate of reduction in dimensionality (2/11 vs
5/17) had a better result.

In order to achieve a useful psychological
interpretation of factors, all variables having load-
ings of = 0.35 or higher on each factor were exam-
ined. Such a factor loading accounts for more than
12% of the variance of the related variable.
Reference to Table 4 shows those variables which
meet the above criterion.

The type of behaviour involved in all the vari-
ables that meet the criterion for the interpretation
of Factor I, (RU, GRI, TAV, OMB and CAR), is that
these are all types of subtests that concern fright-
ening stimuli, so that this factor can be labelled as
“fearfulness” or even the opposite “fearlessness.”
Further confirmation to this interpretation is the
outcome of Svartberg and Forkman (2002) and
Svartberg (2002, 2005) studies on dogs’ personali-
ty traits and breed-typical behaviour where a fac-
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tor labelled “Curiosity/fearlessness” have been
found. In fact, although in these studies it has
been considered the opposite reaction (fearless-
ness) toward our study (fearfulness), it is a
description of a reaction to a frightening stimulus.

Regarding the interpretation of Factor II;
results suggest that this factor may be related to
the dog’s sociableness and to the dog's eagerness to
take part in exercises (RP) or activities (RI, SE)
with humans and its submissiveness to be put in
constrained position (CON). This factor appear to
involve docility and responsiveness to humans as
reported in a research by Anastasi et al. (1955)
and in more recent studies by Svartberg and
Forkman (2002) and Svartberg (2005).

The variable RAP does not have sufficiently
high loadings (and so far, communality) for any of
the two factors, so the analysis seems to indicate
that RAP have no relations with other variables.
This may be explained assuming that the kind of
stimulus it gives includes different components of
behaviour not related to the ones evidenced, or
that this subtest does not represent any
behavioural component at all.

Conclusions

The hypothesis regarding a “general factor
model” can be safely rejected. It is not acceptable
to explain associations between variables. There
are more complex models of relations with more
correlated factors.

The simpler model that generates a correlation
matrix compatible with the observed matrix indi-
cates that we can identify 2 factors (or latent vari-
ables) that can be assumed as causes of 10 out of
11 variables. The reduction achieved in dimension-
ality was consistent.

Looking at results, we can say that a model of
factor analysis has three great merits:

1) it can be achieved by straightforward proce-
dures from data;

2) it establishes how many factors are necessary to
explain the data to an acceptable degree of pre-
cision;

3) it suggests that some variables, like RAP in our
case, can be excluded from analysis of further
latent variable models. (This doesn’t necessari-
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ly mean that for the evaluation of the dog this
subtest is useless).

Concerning general statistics of performance
tests, an observation can be made regarding the
distribution of each variable. Though each vari-
able has the minimum number of levels indicated
for use in Factor Analysis, instructors whom had
observed the test and scored each dog were proba-
bly not sensitive enough to assign every score level
giving instead mostly a score of 3, 4 and 5. So
assumptions on multivariate distributions can be
somehow forced. Further studies on how to pre-
adjust data may likely be useful. Nevertheless,
observed results are of interest, allowing some
speculations and subsequent formulation of fur-
ther latent variable models for further investiga-
tions on the basis of the evidence in the present
study. In our case, in fact, it is possible to state
that Factor | is an indicator of a sort of reactivity
for “self safety” in the dog, while Factor 11 is more
representative of the dog’s relation with humans
(the test handler).

Indeed, this 2-factor model assumes that every
cause (latent variables or latent factors) influences
everything, but causes typically have a limited
range of effects (Loehlin, 2004), and real life causal
influences may often be correlated.

An interesting and useful step could be to test
models in which each factor influences only few
variables, without any consideration of variables
that are not saturated by any factor.

Further use of SEM and inspection of several
models can be useful and will be the basis of future
investigations.
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