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CHAPTER 4

RECOGNITION

Graham Pike and Nicola Brace

1 INTRODUCTION

In the last chapter on perception, we explored some of
the cognitive processes involved in forming a mental
description of the environment based on input from
the senses. As well as being able to determine the posi-
tion and shape of the objects around us, it is also pos-
sible to recognize what we are seeing. Unless we fully
accept Gibson's concept of affordance (and it's safe to
say that we don't), there must be another step: another
set of processes that transform the basic descriptions
of objects generated by analysing the retinal image
into objects that are familiar to us and that we can rec-
ognize as specific objects, such as a mobile phone,
coat, or cow.

The same is, of course, true of our other senses; for
example, when we listen we may hear music, car
engines, and voices. Again, there must be cognitive
processes that somehow transform the auditory input
of sound waves into what we recognize as an environ-
ment of voices, music, and cars.

Let’s stop for a moment and consider the basic steps
that might be involved in the process of visually recog-
nizing an object:

« First, there must be processes that are able to

construct an internal representation (referred to as

a ‘description’) of the object, based on the
information in the retinal image.

« Second, there must be processes that are able to
store this description so that we can recognize the

object if we see it again.

= Third, there must be processes that somehow
compare the description of the object that we can
currently see to the descriptions of objects that we

have stored.

« Lastly, it is very likely that we have seen objects from
many different angles, yet are able to recognize
them regardless of the current angle of view. As we
shall see, the nature of the mechanism that allows us
to do this is an important and much debated point.

A basic diagram displaying the recognition process is
provided in Figure 4.1. In one sense, the process of
recognition is the process of generating and compar-
ing descriptions of objects that are currently in view
with descriptions of objects that we have seen previ-
ously. It is worth noting that this is a very simplistic
way of viewing and describing recognition, and in
Section 2 we shall look at some of the problems with

this simplistic approach.
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FIGURE 4.1 The basics of the recognition process.

11 Recognition in the wider
context of cognition

In Figure 4.2, we can see how Humphreys and
Bruce (1989) summarized the way in which object
recognition fits into a wider context of cognition that
includes perception (perceptual classification), cate-
gorization (semantic classification), and naming. As
you can see from Figure 4.2, the first stage in the pro-
cess is the early visual processing of the retinal image.
One example of this form of processing is that which
produces Marr’s full primal sketch (Marr, 1982). In the
second stage a description of the object is generated,

SUMMARY OF SECTION 1
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FIGURE 4.2 Model of object recognition suggested by
Humphreys and Bruce (1989).

but this description is dependent on the viewpoint of
the observer. This stage is therefore similar to what
Marr (1982) referred to as the 2%:D sketch.

Humphreys and Bruce refer to the next stage as
‘perceptual classification’ and it is really this stage that
we have been discussing so far in this chapter.
Perceptual classification involves a comparison of the
information regarding the object in view with descrip-
tions of objects that have been stored previously. It is
at this stage that the object is ‘recognized.

Once the object has been recognized, or perceptually
classified, it can then be ‘semantically classified. This
process, also referred to as ‘categorization, is examined
in the next chapter. Once this stage has been achieved,
the object can then be named, aspects of which will be
examined in the later chapters on language.

» As well as being able to determine the location and shape of an object, or the location and pitch of a

sound, we also have to be able to recognize what they are.

» A basic model of recognition requires that a description from sensory input is generated and com-

pared with descriptions stored in memory.

» Recognition must come after the initial processes of perception and before the stages in which an

object can be first semantically classified and then named.
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PART 1 PERCEPTUAL PROCESSES

> DIFFERENT TYPES OF

RECOGNITION

As we have stated above, the view that recognition
involves comparing an object description generated
from the retinal image to descriptions stored in long-
term memory is very simplistic. In fact there are quite
different types of recognition, depending on what it is
we are trying to recognize and how we go about trying
to recognize it. Throughout this chapter we shall be
exploring these different types of recognition and
examining some of the issues that suggest the process
of recognition is far more complex than the simplistic
model presented in Figure 4.1 suggests.

21 Object and face
recognition

The end point of Humphreys and Bruce’s (1989)
model of recognition (Figure 4.2) is the naming
stage. Naming, of course, is not a necessary compo-
nent of being able to recognize an object: even if an
animal has no capacity for language, it can still
recognize objects. But the names we give things do
provide a clue to the fact that there are different types
of recognition.

Try Activity 4.1. In completing this, you may have
realized that the name you provided for the left image
was the category to which the object belonged, whilst
the name for the right image corresponded to an indi-
vidual rather than a category (i.e. you did not name
the image ‘a face’).

Naming reveals that it is possible to recognize
objects in different ways. When we see objects such as
fruit and furniture we tend to concentrate on which
category they belong to, and when we provide names
for them, these are usually the name for that category.
Thus, we are making between-category distinctions
such as ‘that object is an orange and that one is a table’

However, when we see a face we often do more than

recognize that the object belongs to the category of
objects known as “faces’; we also work out whose face
it is. In other words, we make a within-category dis-
tinction.

The difference between within- and between-
category recognition is one reason why face recogni-
tion is generally researched as a separate topic from
object recognition. In addition, there are some issues

that are unique to face recognition, such as:

« The internal features of a face can move, which

changes the appearance of the face.

= This movement can serve to express emotional and

social cues.

« Faces can change quite dramatically over time, due

to ageing or haircuts for instance.

As well as distinguishing between face recognition
and more general object recognition, it is possible to
identify a number of different types of face recogni-
tion. One such distinction is between recognizing
familiar and unfamiliar faces. Pike et al. (2000)
reported that people were often able to identify E-FIT
see images even when other participants had rated
them as a poor likeness. However, like the E-FIT you
will see in Activity 4.2, these were images ot famous
people whose faces would have been familiar to the
participants. Considerable evidence suggests we are
not so accurate at recognizing even real faces that are
not so familiar to us. For example, many witnesses
express uncertainty when asked to identify the perpe-
trator of a crime from a line-up (Pike et al., 2001).
Even when the anxiety of the witness is reduced by
using a video identification parade, identification
accuracy is far from perfect (Kemp et al., 2001).

A second distinction that applies to types of face rec-
ognition is that between recognizing whose face you
are looking at and recognizing what emotion it may be

portraying. You can imagine that the importance of

EESCCOkost — primted on 10/2/72022 1:15 BM wiz UNIVERSITY OF MARYLEND GLOBRL CEMEPUS. Rll use subject to https;://www.sbsco.com/terms—of-use



Figure 4.3 shows two images. See if you can name
them.

You probably provided the names ‘apple’ and
‘Sigmund Freud'. These are evidently two different

CHAPTER 4 RECOGNITION

sk ACTIVITY 4.1 |

types of name, but can you describe why these two
types of name are so different? (Hint: think about
how many different apples and Sigmund Freuds

there are.)

FIGURE 4.3

FIGURE 4.4

Can you identify the person depicted in the three
images shown in Figure 4.4?7

COMMENT

The images are of Paul McCartney and you were
(probably) able to recognize him from all three
images, even though there are some quite obvious

differences in appearance. In fact, you were probably
able to recognize the E-FIT image of him (right-hand
image), even though this is constructed by combining
together features from several other faces. 50, we
can recognize a face that is familiar to us even when

quite large changes have been introduced.
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PART 1 PERCEPTUAL PROCESSES

faces in conveying emotional state and in facilitating
social interactions has led us to develop some very
sophisticated cognitive processes for interpreting facial
expressions. In fact, we are able to judge the emotion
being displayed on a face with great accuracy (the cog-
nition involved in perceiving emotion is considered in
Chapter 19) and are very sensitive to eye movements in
those around us. It is tempting to think that we may
have evolved a specific set of cognitive processes for
recognizing faces and the emotions they express
because of the social importance of this information.
However, there is evidence (Young et al, 1993) that
although we do have specific processes for recognizing
emotions, these processes are not involved in recogniz-
ing identity. We shall return to the difference between
emotion and identity recognition later in this chapter,
but logically you can see that you need to be able to
tell whether someone is angry or happy regardless of
whether you can recognize them or not. Likewise, you
need to be able to recognize who someone is regardless
of whether they appear happy or angry.

The question of whether faces are recognized by the
same cognitive processes that are used to recognize
other objects has been at the centre of a great deal of
research. Although a definitive answer as to just how
different face recognition is from general object recog-
nition has yet to be provided, the two have tended to
be treated as different areas of research. Because of
this, we have divided this chapter into two main areas
of discussion. The first (the rest of Section 2 and
Section 3) will look at theories of how we recognize
objects, and the second (Sections 4 to 7) will look at
models of face recognition and examine in more
depth the question of whether faces are recognized by
special processes.

22 Active processing —
recognizing objects by touch

One limitation of the basic recognition procedure we
suggested in Section 1 is that it treats recognition as a
passive process. Gibson (1986) stressed that percep-

tion is an active process and that we are beings who

interact with and investigate the environment. In
examining how Gibson’s idea of active perception
might apply to recognition, we will temporarily switch
modalities from vision to touch. One reason for con-
centrating on touch is that purely passive object recog-
nition through touch would be almost impossible.
Although there may be some objects that you can rec-
ognize if they were simply placed on your hand, most
objects would require exploration. We have evolved
sophisticated processes for exploring the environment
and objects using touch in very exact and careful ways.

First, we have tremendous control over our hands,
so that we can both move our fingers precisely and
also apply varying degrees of pressure to objects in a
very measured way. This is done by employing a feed-
back system, whereby information from touch recep-
tors allows the brain to control the location and
amount of pressure applied by the fingers. As well as
being able to regulate touch precisely, we can also pin-
point the location of our limbs with great accuracy via
receptors inside our muscles and joints. This informa-
tion about limb location is known as kinesthesis, and
it can be combined with information from the touch
receptors to guide our hands and fingers. Of particular
importance are the relative positions of your fingers as
they touch the object, their orientation to your hand,
and the position of your hand in relation to your arm
and of your arm in relation to your body. The pro-
cesses that allow us to keep track of the relative loca-
tions of all our limbs are known as proprioception.

So, at every moment that we are touching an
object, we know the exact position of our fingers
(kinesthesis) and what the object feels like at that
point (touch receptor information). The information
gained from this combination is referred to as haptic
informartion and it can be used to generate a descrip-
tion of an object.

Lederman and Klatzky (1987) found that there was
considerable consistency in the way in which people
used their hands in order to gather haptic informa-
tion. They described how participants tended to use a
series of exploratory procedures when investigating
an object with their hands. Lederman and Klatzky
(1990) went on to study these exploratory procedures

in more depth and described how each particular
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3k ACTIVITY 4.3

Ask someone to place a variety of objects within
easy reach of you (you can do this yourself if you
wish). Ask them to choose objects that differ in
shape, texture, and weight. Close your eyes and
pick up each object in turn and try to work out
what it is. As you do this, try to make a mental

note of the different movements that your hands

make and what each movement tells you about the
object.

Table 4.1 gives a list of some of the hand move-
ments reported by Lederman and Klatzky (1987),
along with the information that these exploratory
procedures tend to reveal. Did you find yourself

using these movements?

TABLE 4.1 The information revealed by exploratory
hand movements

Movement Information

Enclose object in hand(s) Overall shape

Following contours with fingers More exact shape

Lateral motion with fingers Texture
Press with fingers Hardness
Static contact with fingers Temperature
Unsupported holding Weight

Source: based on Lederman and Klatzky, 1987, Table 1, p.345

procedure could be used to derive a certain type of
information that was useful for recognizing an object.
For example, if shape was important in recognizing
the object people tended to move their fingers around
the object’s contours, and if texture was important
they would move their fingers across the surface
of the object.

Although haptic perception can be used to recog-
nize objects, visual recognition has the obvious advan-
tage that it can be used for distant objects that are out
of reach. It also tends to be far quicker and more accu-
rate in processing information about shape, particu-
larly complex 3D shape (Lederman ef al, 1993). But
visual perception is not so useful when it comes to
judging the weight and texture of an object.

So, haptic perception is a very useful source of
information and can be used to recognize certain
objects. The study of haptic perception also serves to
demonstrate that recognition is not necessarily pas-

sive and that much can be gained from considering it

as an active process. Nor is active perception limited
to touch. You saw in the last chapter how your inter-
pretation of the impossible triangle (Figure 3.24) kept
changing as you visually explored the object, corner
by corner.

2.3 Recognizing two-
dimensional objects

Another way of distinguishing between types of rec-
ognition is according to whether the object in ques-
tion is three-dimensional (3D), such as the book in
tfront of you, or two-dimensional (2D), such as the
words in front of you. The difference between 2D and
3D object recognition takes on added significance
when you consider that the description generated
from the retinal image will in essence be 2D, whilst
most objects tend to be 3D. In fact, much of the early
research conducted on recognition processes was
focused on how simple, two-dimensional ‘patterns’
are recognized. Although it can be argued that this
work tells us little about how complex, three-dimen-
sional objects are recognized, it does serve to highlight
some of the problems that are inherent in any approach
to object recognition.

By far the simplest model of visual pattern recogni-
tion postulates template matching. This is the idea that
we have a large number of templates stored in long-
term memory against which we compare the patterns
we come across. For example, a template would exist

for every number from 0 to 9 and for every letter from
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FIGURE 4.5 Different alphanumeric characters that
share similar properties.

A to Z. The problem with this theory is that it cannot
cope with the enormous variation in the actual pat-
terns that are used to represent even simple things
such as alphanumeric characters. For example, in
Figure 4.5 the top row contains examples of the letter
‘R’ and the bottom row contains examples of letters
that each share many similar properties with the spe-
cific example of an ‘R’ immediately above it. Although
we do not have any great difficulty in reading these
letters, it is hard to see how a simple template could be
created that would accept every example in the top
row as a letter ‘R’ and reject every example in the bot-
tom row.

If the problem with template matching is that the
template cannot deal with variation in the stimulus it
has to recognize, then we have to look at some way of
representing objects that is not so reliant on the exact
visible pattern. One way of deoing this is to try to
extract the key characteristics or features of an object.
In the case of alphanumeric characters, these features
could be the number of curved and straight lines and
the relationship between them. An ‘O” might therefore
be represented as a single continuous curve, a ‘P’ as
one vertical line and one discontinuous curve, and a
“T" as one horizontal and one vertical line that form
two right angles.

One of the most influential feature recognition theo-
ries is the Pandemonium system, so called because pro-
cessing units known as ‘demons’ were used to detect
each feature. This system was designed as the basis fora
computer program to decode Morse code signals
(Selfridge, 1959) and was later adapted by Neisser
(1967) to recognize alphanumeric characters. Although
Pandemonium systems have been useful in recognizing
simple, highly constrained patterns, they do not pro-

UNIVERSITY OF MARYLEND CLOERL CEMDUS.
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FIGURE 4.6 Examples of different patterns described
by the same key features.

vide a particularly useful model of human object recog-
nition. A central flaw in feature recognition theories is
that describing an object in terms of a list of key features
does not capture the structural relations befween fea-
tures. If you look back at the feature-based descriptions
provided for an ‘O ‘P’ and “T" above, you will see that
these three descriptions could also apply to the figures
presented to the right of each letter in Figure 4.6, mean-
ing that these shapes would be misidentified as letters.
An approach that has had more success in explain-
ing how both simple patterns and more complex
objects might be recognized is that based on struc-
tural descriptions. Structural descriptions are made
up of a series of propositions, based both on a descrip-
tion of the elements that comprise the object and the
structural relations between them. Thus, the struc-
tural description of a letter 'L’ might contain the fol-

lowing propositions:

« There are two lines.

s There is one horizontal line.

« There is one vertical line.

» The horizontal line supports the vertical line.

» The horizontal line extends to the right of the
vertical line.

= The horizontal and vertical lines are joined at a
right angle.
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FIGURE 4.7 Three representations of a 3D ‘L' shape.

Although the propositions stated above are expressed
in language, they can be equally well expressed in
other forms of symbolic representation, such as that
used in a computer program.

One key advantage that structural descriptions have
is that it is possible to see how they could be applied to
three-dimensional objects. Consider the three repre-
sentations of the character ‘I’ in Figure 4.7. Both tem-
plate matching and feature recognition theories would
recognize the representation to the left as being an T,
but would immediately reject the other two. However,
the two forms of the letter ‘L’ on the right of Figure 4.7
do share a similar structural description once we con-
sider their three-dimensional properties.

However, in order to obtain a description that includes
elements of three-dimensional structure, we must be
able to turn the 2D retinal image, which is dependent on
the particular view that the observer has of the object,

CHAPTER 4 RECOGNITION

into a 3D description that is centred not on the viewer
but on the object itself. This, as you might expect,
requires an even more sophisticated means of describing
objects, and is the focus of the second half of Marr’s the-
ory of vision — which we shall look at in Section 3.

24 Object-centred vs
viewer-centred descriptions

One of the most fundamental problems in recogniz-
ing an object is that it is possible to view an object
from many angles. As we have seen, any theory that
treats an object as a simple pattern is likely to fail when
applied to a 3D object (as with the ‘L’ in Figure 4.7).
Consider writing a very simple computer program
based on recognizing an object by matching patterns.
As an example, Figure 4.8 contains a conceptual dia-
gram of how a computer might be programmed to
recognize a coffee mug.

But coffee cups are actually 3D objects and can be
viewed from many angles. Let’s see how our simple
computer program would cope if we turned our coffee
cup so it was facing the other way. As you can see from
Figure 4.9, the program has decided that, as the pat-
terns do not match, the object is NOT a coffee cup.

IF | ‘currentimage’ | isequal to

‘stored image’

THEN object = ‘coffee mug’

FIGURE 4.8 A simple program for recognizing an object.

IF| ‘currentimage’ | is NOT equal to

‘stored image'

THEN object = 'not a coffee mug’

FIGURE 4.9 A simple program failing to recognize an object from a different viewpoint.
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The failure of the simple program to deal with a
small change in viewpoint is obviously an unaccepta-
ble flaw in any system that wishes to interact with its
environment. Instead of being reliant on seeing
objects from just a single viewpoint, the process of
object recognition must somehow be based on
descriptions of objects that allow recognition to take
place independent of viewpoint. In fact, these pro-
cesses must be tolerant of any naturally occurring
change, not just changes in viewpoint. This is a very

SUMMARY OF SECTION 2

important point and one that is central to the study of
object recognition.

Marr (1982) conceptualized the problem of view-
point as that of turning the viewer-centred description
of the object that was formed in the 2'%2D sketch
(see Chapter 3, Section 4.3) into a 3D object-centred
description that would allow the object to be recognized
despite changes in viewpoint. In the next section
we shall look at how Marr suggested this might
happen.

= There are different types of recognition, which depend on what is being recognized and how.

» Object recognition tends to be based on making between-category distinctions and face recognition

on making within-category distinctions.

» Face recognition tends to be researched apart from more general object recognition because faces

can convey social and emotional information and their appearance can change.

* Recognition is not entirely a ‘passive’ process and can involve an active exploration of the environ-

ment. This is particularly true of haptic recognition, in which objects are recognized by touch.

» One key problem facing any theory of visual recognition is that the retinal image is essentially 2D, but

objects are 3D.

» Early theories that concentrated on recognizing 2D patterns, such as template matching and feature

recognition theories, are therefore not particularly useful models of human recognition.

» Theories based on abstracting a structural description of an object are better able to cope with 3D

objects.

* As a 3D object can be viewed from many angles, our recognition system must be able to turn an

object description centred on the viewer into one centred on the object.

3 RECOGNIZING THREE-
DIMENSIONAL OBJECTS

As we saw in the previous chapter, in the first part
of Marr’s theory of perception, early visual process-
ing of the retinal image eventually leads to the gen-
eration of the 24D sketch. But the surfaces and
objects in the 212D sketch are described in relation
to the viewpoint of the observer and are therefore

viewer-centred descriptions. As we saw in the pre-

vious section, viewer-centred descriptions are of lit-
tle use in recognizing real objects that can be seen
from any angle and any distance. The second half of
Marr’s theory therefore concentrated on recognis-
ing objects from any angle by working out how to
turn the 2%D sketch into a 3D object-centred

description.
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If it were not possible to generate a 3D object-
centred description, the only way of accurately recog-
nizing objects would be to store a very large number
of viewer-centred descriptions. Although there are
theories that have taken this approach, for now we will
concentrate on the idea that recognition is best sub-
served by a single representation of an object that can
be used to recognize it from any angle.

Marr and Nishihara (1978) suggested that objects
could be represented by generating a 3D object-
centred description that would allow the object to be
recognized from virtually any angle. They proposed
that this description was based on a canonical coordi-
nate frame. This basically means that each object
would be represented within a framework that was
about the same shape as the object. You could imagine
the representation of a carrot as being a cylinder that
tapered towards one end.

This procedure appears at first glance to be some-
what paradoxical, as it would be necessary to know
the approximate shape of the object before you could
begin to recognize it! However, remember that the
tormation of the 3D object-centred description occurs
after considerable analysis of the retinal image has
already taken place, so some information as to the

shape/outline of the object will already exist.

31 Marr and Nishihara’s
theory
Marr and Nishihara saw the first step in establishing a

canonical coordinate frame as defining a central axis

tor the object in question. This is relatively easy to do

cnriens ecoonmon (RSN

FIGURE 4.10 Locating the central axis of an object.

if the object in question either has a natural line of
symmetry or has a length that is noticeably greater
than its width and depth (see Figure 4.10).

In fact, the generation of the central axis is so impor-
tant in Marr and Nishihara's theory that it is restricted
to specific objects that can be easily described by one
or more generalized cones. A generalized cone is any
3D shape that has a cross-section of a consistent shape
throughout its length. The cross-section can vary in
size but not in shape. All of the objects shown in Figure
4.11 are examples of generalized cones. Although
restricting the theory to generalized cones is undoubt-
edly one weakness of Marr and Nishiharas theory, the
basic shape of many natural objects, particularly those
that grow (such as animals and plants), can be
described, albeit rather loosely, in this way.

To locate the central axis of an object, it is first nec-
essary to make use of the information contained
within the 24D sketch in order to work out what
shape the object has. Marr (1977) suggested that it is
possible to work out the shape of an object based on
the object’s occluding contours (these are basically the

object’s silhouette). The points on the object’s surface

= )
ns (e ==
f

FIGURE 4.11 Four generalized cones. Source: Marr, 1982, Figure 3.59, p.224
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f."-':-h-"':" As Marr (1982) points out, we seem to have no
5T problems in deriving 3D shapes from silhouettes such
-

as those used in Picassos Rites of Spring (see
Figure 4.12). However, as the silhouette of an object is
two-dimensional, it is possible that it could be caused
by more than one 3D object. Consider the circular sil-
houette (a) in Figure 4.13. This could be caused by any
of the 3D objects below it (if they were sufficiently
rotated), yet we tend to interpret the silhouette as
being produced by the sphere (b).

Marr suggested that the problem of how we can
derive 3D shapes from 2D silhouettes is solved by

the visual system making certain assumptions about

what it is seeing. As Marr himself said, ‘Somewhere
buried in the perceptual machinery that can inter-
¢ pret silhouettes as three-dimensional shapes, there
must lie some source of additional information
"’//,)’J that constrains us to see the silhouettes as we do’
(Marr, 1982, p.219). Marr conceptualized this
FIGURE 4.12 Rites of Spring by Picasso. ‘additional information’ as coming in the form of
three basic assumptions built into the computational
that correspond to the boundary of its silhouette areof ~ processes:
particular importance in Marr’s theory, and he

referred to them as the contour generator — because  « Each point on the contour generator corresponds

they can be used to generate the contour of the object. to a different point on the object.
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FIGURE 4.14 The black dots indicate points that lie in
the same plane with respect to the viewer. Source: Marr,
1982, Figure 3.57(d), p.220

= Any two points that are close together on the
contour in an image are also close together on the

contour generator of the object.

« All the points on the contour generator lie in a

single plane (i.e. are planar).

The first two points are relatively straightforward
and the third assumption has been illustrated in
Figure 4.14.

The third assumption, that all of the points on the
contour generator are planar, is a vital component in
Marr's theory, but it can be problematic. As we have
seen, it is possible for two quite different objects to
share the same silhouette and for the points on the sil-
houette to vary in their distance from the observer. We
tend to interpret the contour on the left in Figure 4.15
as being a hexagon. However, this contour will be pro-
duced by the cube to the right. The problem is that the
assumption that all the points on the contour are pla-
nar is violated by this view of the cube, as point (A) is
turther away than point (B). As the points on the
cube’s occluding contour are not planar, we tend to
interpret its silhouette incorrectly.

Once the shape of the object has been derived using
its contour generator, the next step is to locate the
axis/axes necessary to represent the object. It is fairly
straightforward to do this when the shape is simple, as
symmetry usually tells us where its axis is located, but
what about more complex shapes? The answer is that
we often need to represent the shape using several

axes, so that the object is divided into components and
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B

FIGURE 4.15 The contour of a cube may not be planar,
Source: based on Marr, 1982, Figure 3.58, p.221

one axis is used for each component (these are referred
to as component axes).

In Figure 4.16, one method of locating axes sug-
gested by Marr and Nishihara (1978) is illustrated. The
object in question is a toy donkey (a). The first step (b)
involves working out areas of concavity (these corre-
spond to parts of the contour that include a bend
inwards and are represented in the figure by a *-’) and
convexity (parts of the contour that include a bend
outwards, represented by a * + 7). The shape can then
be divided into sections by finding areas of sharp con-
cavity (c) and using these to divide the object into
smaller parts (d). Once the shape has been divided in
this way, it is possible to represent each section via a
component axis (e). These component axes can then
be represented in relation to the horizontal axis of the
body (f).

Figure 4.17 illustrates how it is possible to represent
a quite complex object using several components, or
primitives as Marr called them. The description of the
object must allow recognition at a global level, such as
being able to tell that an object is a human body, and
must also incorporate more detailed information,
such as the fact that a human hand has five fingers. It
is therefore necessary for there to be a hierarchy of 3D
models, in which each subsequent level contains a
more detailed description of a specific part of the
object. This means that fewer primitives will be used
to represent each part of the object at the higher levels
of the hierarchy.

For example, consider the description of the human
body provided in Figure 4.17. At the highest level, the

entire human body is described in relation to a single
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FIGURE 4.16 Locating the component axes of an object. Source: Marr and Nishihara, 1978, Figure 6
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FIGURE 4.17 Marr and Nishihara's hierarchical model of a human body. Source: Marr and Nishihara, 1978, Figure 3
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axis that runs through the centre of the body (a). This
3D model also contains the relative length and orien-
tation of the axes that describe the head, torso, arms,
and legs (b). However, no details regarding smaller
parts (such as the fingers) are provided.

The axis that corresponds to each limb (b) is then
used as the major axis for a more detailed description
of that limb (c). For example, the axis of the cylinder
representing the right arm is then used as the major
axis to represent the upper and lower parts of that arm
(c). The axis of the cylinder used to describe the lower

part of the arm (c) is used as the major axis to describe

CHAPTER 4 RECOGNITION

the forearm and hand (d). Finally, the axis of the cylin-
der used to describe the hand (d) is used as the major
axis in order to describe the five fingers (e). Thus we
have a 3D model description that can be used to recog-
nize an entire human body, as well as any of its parts.
Having derived a 3D description of the object, Marr
and Nishihara (1978) saw the next step in the process
of recognition as comparing this to a catalogue of 3D
models, formed from the 3D descriptions of all previ-
ously seen objects. The catalogue is organized hierar-
chically according to the amount of detail present in
the model (see Figure 4.18). At the highest level the

Cylinder

mi|

Limb Quadruped Biped Bird
Cow J % O
Thick Horse Human Ostrich
limb

Thin Giraffe
limb

%w 0

FIGURE 4.18 3D model catalogue. Source: Marr and Nishihara, 1978, Figure 8
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catalogue consists of descriptions devoid of any
decomposition into components. The next level con-
tains more detail, corresponding to the number and
basic layout of limbs as in Figure 4.17. At the next level
even more detail is contained, such as that relating to
the angles and lengths of component axes.

The 3D model generated of a new object (the target)
is related to the catalogue, starting at the highest level.
The target is compared to the stored models and the
example it best matches is used as the basis for the
next level of detail. The process stops when a level is
reached that corresponds to the level of detail present
in the target. At this point, assuming the target con-
tains sufficient detail, a match should have been found
that allows the object to be recognized.

So, the generation of a 3D model description
solves several problems inherent to object recogni-
tion. As the model is 3D, it allows recognition of
the object from many angles and its hierarchical
nature allows recognition of the entire object whilst
maintaining more detailed information about the

componems.

32 Evaluating Marr and
Nishihara’s theory

Although it can be difficult to study the cognition
involved in object recognition, there is evidence for
some of the suggestions made by Marr and Nishihara.

One of the key predictions of their theory arises
from the fact that they see establishing a central axis as
a vital stage in the recognition process. This means
that it should be very difficult to recognize an object if
it is also difficult to establish the location of its central
axis. Some support for this notion comes from a study
conducted by Lawson and Humphreys (1996), in
which participants had to recognize objects (line
drawings in this case) that had been rotated. Rotation
did not appear to have an effect on recognition unless
the major axis of the object was tilted towards the
observer. Presumably, the disruption to recognition
was due to the major axis appearing foreshortened

and therefore harder to locate.

More powerful evidence in support of Marr and
Nishihara's theory comes from neuropsychological
case studies. Warrington and Taylor (1978) reported
that patients with damage to a particular part of the
right hemisphere could recognize objects when they
were presented in a typical view but not when pre-
sented in an unusual view. These patients also found it
very difficult to say whether two photographs (pre-
sented simultaneously) were of the same object when
one image was a typical view of that object and one an
unusual view.

One explanation for this effect is that the patients
could not transform the two-dimensional representa-
tion of the unusual view of the object into a 3D model
description. However, as well as it being difficult to
establish the central axis of an object presented in an
unusual view, it is also likely that rotation would cause
some key features of the object to become hidden.
Humphreys and Riddoch (1984) prepared images of
objects in which either a critical feature was obscured
or the central axis had been foreshortened through
rotation. These images were presented to patients sim-
ilar to those tested by Warrington and Taylor. The
patients had far more problems recognizing the axis-
toreshortened objects than those with a key feature
hidden. The results of these studies do offer some
evidence that axis location may play a central role in
generating a 3D model description of an object.

3.3 Biederman’s theory

Marr and Nishihara’s work has been extended and
adapted in several related theories of object recogni-
tion. The most influential of these was proposed by
Biederman in 1987. Biederman’s theory (1987a) was
also based on representing complex objects using a
series of more simple primitives. Unlike Marr and
Nishihara, Biederman did not restrict these primi-
tives to generalized cones. Instead he proposed that
the basic building blocks for describing an object
were a set of basic shapes such as cylinders and
cubes, known as geons (an abbreviated form of the
phrase ‘geometric ions’). Many of these geons are

generalized cones, but they also include other
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FIGURE 4.19 A selection of geons. Source: Biederman, 1987b

3D shapes that are very useful in representing com-
mon objects. A subset of geons is shown in the top
part of Figure 4.19.

Biederman suggested that approximately 36 geons
are needed in order to produce descriptions of all
common objects. As with Marr and Nishihara’s the-
ory, more complex objects are represented by several
different components and the division into compo-
nents is based on areas of concavity.

The principal way in which Biederman’s theory
diverges from Marr and Nishihara’s approach is the
way in which a 3D description is formed from infor-
mation in a 2D image — in other words, how the
information in the primal sketch can be used to gen-
erate a 3D object-centred description. Biederman
proposed that Marrs contour generators are not
necessary to recover 3D shape, as each geon will
have a key feature that remains invariant across dif-
terent viewpoints. Thus, all that needs to be done is
to locate these key features in the 2D primal sketch.
Each feature can then be matched to a geon so thata
3D structural description of the object is generated.
This description is then matched against those
stored in memory.

Behind the concept of key features that remain
invariant across viewpoint is the idea that some regu-
lar aspects of a 3D shape will tend to remain constant
in any 2D image that is formed of that object.
Biederman termed these ‘non-accidental’ properties
to distinguish them from any regularity that was due

simply to a particular viewpoint.

Biederman listed five non-accidental properties:

s Curvilinearity — a curve in the 2D image is

produced by a curve on the object.

= Parallelism — lines that are parallel in the 2D image
will be parallel on the object.

s Cotermination — two or more edges that terminate
at the same point in the 2D image will terminate at
the same point on the object.

s Symmetry — if the 2D image is symmetrical
then the object will contain the same axis of

symmetry.

= Collinearity — a straight line in the 2D image is

caused by a straight line on the object.

Choosing which geon to use in order to represent an
object (or part of an object) is then simply a matter of
detecting these non-accidental properties and select-
ing a geon that shares them. For example, the 2D image
of a ball will be a circle and will therefore contain no
parallelism, cotermination, or collinearity, but will
contain curvilinearity and an almost infinite degree of
symmetry. The only geon to share these properties is a
sphere, so the 3D shape of the ball is correctly described
by a spherical geon.

Although these assumptions allow apparently
ambiguous 2D images to be turned into an accurate
3D description, they can also lead to misinterpreta-
tion. For example, if you look at the wheel of a
bicycle that is directly in front of you so that the

wheel is viewed edge-on, its edges will appear to
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Side-on view of wheel
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FIGURE 4.20 Apparent non-accidental properties of a wheel viewed edge-on.

have the following non-accidental properties (see
Figure 4.20):

« Collinearity — the two vertical edges will appear as
straight lines.

« Symmetry — there will be two lines of symmetry,
one horizontal and one vertical.

o Parallelism — the two vertical edges will appear
parallel.

However, the first of these non-accidental properties
(collinearity) will be incorrect because a wheel does
not contain any straight edges. We only see straight
edges because of the viewpoint.

Although describing an object using non-accidental
properties to select geons can lead to problems, there
is evidence that supports Biedermans theory. The
premise that concavities are used to divide the object
into components (this premise was also used by Marr
and Nishihara) was studied by presenting partici-
pants with images of objects that had part of their
contours deleted. Deleting the part of the contour that
corresponded to a concavity (that therefore occurred
between components) resulted in a greater disruption
to recognition than deleting part of the contour from

elsewhere on the object (Biederman, 1987a).

34 Evaluating Biederman’s
theory and the object-
centred approach

Representing objects through geometric ions or gen-
eralized cones may seem a little artificial to you, and
indeed Biederman and colleagues wondered this
themselves, and more specifically whether partici-
pants’ sensitivity to the non-accidental properties of
an object stemmed from being immersed in a manu-
factured world in which simple, regular shapes are
very common. To test this, Biederman ef al. (2009)
compared the responses of participants drawn from
two populations: students from the University of
Southern California (USC) and members of the more
remote tribes of the Himba, semi-nomadic people
from Namibia. Both groups were asked to match a
simple, regular geon to one of two other geons, which
differed either according to a non-accidental property
or a simple metric property. The results showed no
significant difference between the responses of the
Himba and the USC student participants, suggesting
that the Himba are just as sensitive to the non-
accidental properties of objects as are people accus-
tomed to a more manufactured environment.
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The production of an object description that is
independent of viewpoint is a crucial stage in the the-
ories of both Marr and Nishihara, and Biederman. So
is there evidence that recognition does involve the
generation of an object-centred description, rather
then relying purely on viewer-centred descriptions?

To investigate the extent to which recognition is
object-centred, Biederman and Gerhardstein (1993)
used a technique known as repetition priming, where
the presentation of one stimulus will make recogni-
tion of a related stimulus faster and/or more accu-
rate. The idea behind their experiment was that if an
object-centred description were being formed, then
presenting one particular viewpoint of an object
should facilitate (or prime) recognition of the same
object presented in a different view. Their results
showed that one viewpoint of an object did prime
recognition of a separate viewpoint, as long as the
change in the angle of viewpoint was not more than
135 degrees. However, even if the viewpoints were
less than 135 degrees apart, if one or more geon(s)
was hidden between the first and second view, then
the amount of priming was reduced. This result sup-
ports both the idea that an object-centred descrip-
tion is generated (otherwise different viewpoints
should not prime each other), and that this makes
use of geons.

However, other researchers have reported results
that do not appear consistent with Biederman and
Gerhardstein’s findings. Bulthoff and Edelman (1992)
found that participants were generally unable to rec-
ognize complex objects that were presented in a novel
viewpoint, even if the view of the object was one that
should have allowed the generation of an object-
centred description. Biederman and Cooper (2009)
reflected on the priming work conducted since their

SUMMARY OF SECTION 3
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original experiments and pointed out that although
visual priming does appear to be mediated by a repre-
sentation of an object’s shape that is independent of its
position, size, or orientation in depth, it is also the
case that participants form an episodic representation
of the specific image originally shown. That both a
view-independent and a view-dependent representa-
tion seem to be formed by exposure to one image
obviously poses a challenge to theories of object rec-
ognition that do not incorporate both forms of repre-
sentation.

In the end, then, it is unlikely that recognition
is completely reliant upon the generation of object-
centred descriptions such as those suggested by Marr
and Nishihara (1978) and by Biederman (1987a), and
there may well be tasks and occasions that involve
viewpoint-dependent recognition, as suggested by
Tarr (1995).

One task that is hard to incorporate into either
Marr and Nishihara's or Biederman’s theory is that of
within-category discrimination. By representing
objects as models consisting of either generalized
cones or geons, a wealth of information is inevitably
lost. For example, it is very likely that two collie-
shaped canines would be represented as identical 3D
models, yet it is possible to tell a border collie from a
rough collie and even to tell specific dogs apart.

It makes sense that there should be more than one
way of arriving at such a complex cognitive achieve-
ment as object recognition. In the theories we have
examined in this section, the process of recognition
has been conceived of as almost wholly passive and
based on a single retinal ‘snapshot’ or view. As we have
stated previously, there are different types of recogni-
tion and different ways of achieving it, including tak-
ing a more active approach.

« Objects can be recognized from many different angles, suggesting that the process of recognition may

be based on the generation of a 3D object-centred description.

» Marr and Nishihara (1978) suggested a theory of object recognition based on generating 3D models.

This was achieved by: deriving the shape of an object from the 2)4D sketch; dividing it into ‘primitives’

using areas of sharp concavity; generating an axis for each of these components; and representing

each component via a generalized cone.
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* The 3D models were hierarchical in nature and so included both global and detailed information

stored in a hierarchically organized catalogue.

» Biederman (1987) suggested a similar theory based on using the non-accidental properties of an

object to generate a description in terms of a series of basic volumetric forms known as geons.

= Although thereis evidence that supports the approach taken by Marr and Nishihara and by Biederman,

there are some forms of recognition that are difficult to explain using their theories.

4+ FACE RECOGNITION

The act of recognizing the face of someone familiar is
part of everyday life and most of the time it happens
very quickly and effortlessly. Faces are arguably our
tavourite visual stimuli and can provide us with a great
deal of very useful information. First and foremost we
are very good at determining the identity of a face that
is familiar to us, but faces also provide information
about gender, age, and cultural background, as well as
the emotional state of a person. Although it was only
in the mid-1970s that psychologists acknowledged
that faces were a unique visual stimulus, since then an
enormous body of research on face recognition has
been conducted, meaning that in this chapter we are
only able to provide you with a snapshot of some of
this research.

41 Comparing object and
face recognition

Face recognition is very problematic for the 3D model
approaches we have looked at so far. If we return to
Humphreys and Bruce’s model of object recognition
shown in Figure 4.2, we can see that theories such as
those of Marr and of Biederman have concentrated on
the ‘perceptual classification’ stage of the process.
Although this stage may provide information that is
useful for navigation and basic interaction with the
objects we find in the environment, more complex

interaction is often necessary. For example, when you

are confronted by a person, you want to know not only
that there is a human face in front of you, but whose
face it is. This requires a much finer level of distinction
than simply recognizing a sphere as a sphere; you
must be able to tell which specific face is in front of
you. As we shall see in Sections 4 to 7 of this chapter,
the need to recognize individual faces has led to theo-
ries and research concentrating on different issues
from that conducted within the area of more general
object recognition.

Faces can be categorized at several ditferent levels.
At one level, we decide that the stimulus is a face as
opposed to some other object. At another level, we
decide that the face is female or male or derive other
semantic information such as ethnic origin. We may
even make attractiveness judgements. Importantly,
we also decide whether the face is familiar or unfa-
miliar. If the face is familiar, there is also the need to
decide to whom the face belongs and it is at this level
that faces are rather different from other objects. It is
this within-category judgement, which is like recog-
nizing a specific cat or a specific cup, that sets face
recognition apart from object recognition more gen-
erally, and it is regarded as more visually demanding
because the differences between faces can be fairly
minimal.

Tanaka (2001) has found evidence to liken this
level of face recognition to expert recognition — for
example, the expertise that certain individuals
acquire through training in bird-watching or x-ray

analysis. But whereas only some specifically trained
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people achieve object expertise, face expertise is a
general expertise that we all share and acquire
without specific training. Whether or not this face
expertise is the result of an innate processing system
or the expression of a learned skill is a matter of
debate and an issue we will return to in Section 7
of this chapter.

42 Recognizing familiar and
unfamiliar faces

So how good are we at recognizing faces and identi-
tfying people? You already saw in Activity 4.2 that it
was possible to recognize a face that was familiar to
you (Paul McCartney) despite quite large changes in
appearance. In fact, when you think about it, you are
able to recognize your family and friends from any
angle, under different lighting conditions, and even
when they age or change their hairstyle, and you are
still likely to be able to do this in 30 years’ time.
There is evidence to suggest that we can remember
the names and faces of school-friends over long
periods of time; recognition tests revealed hardly
any forgetting over a 35-year period (Bahrick et al.,
1975). This is not the case with all the faces we
encounter though. Later work by Bahrick investi-
gated the ability of college teachers to recognize for-
mer students taught over a 10-week period (Bahrick,
1984). The teachers had met these students three to
five times a week. Although the level of correct face
recognition for those taught recently was reasonably
high at 69 per cent, this dropped as the number of
intervening years increased so that after 8 years only
26 per cent of the former students were correctly
recognized.

What about faces that are not so familiar, for exam-
ple ones we've only seen once or twice before? How
well do we recognize unfamiliar faces? Indeed, that
might sound an odd question, as how could it be pos-
sible to recognize a face you are unfamiliar with? Of
course, it is impossible to recognize a face you have
never seen before, but there is a great deal of differ-

ence between recognizing a familiar face (such as

CHAPTER 4 RECOGNITION

those of family and friends) and recognizing a face we
have only seen a few times. Most research on unfa-
miliar face recognition starts with a learning phase,
where participants are presented with faces unknown
to them that they then ‘learn) and concludes with a
test phase in which the participants attempt to recog-
nize those faces they had seen previously from
amongst other faces that they have never seen before.
A large number of face-learning experiments have
been conducted (e.g. Yin, 1969) and these have found
that, when given an immediate recognition test, par-
ticipants performed extremely well. (For example,
Yin observed that participants correctly recognized
93 per cent of the faces previously shown to them).
However, if the picture of the unfamiliar face shown
in the recognition test depicted a different viewpoint
or expression, then recognition rates dropped (e.g.
Bruce, 1982), suggesting that what is being tested is
‘recognition of a specific picture of a face’ rather than
‘face recognition’ as we encounter it in everyday life.
So, whilst we can recognize familiar faces indepen-
dently of viewpoint or expression, the processing of
unfamiliar faces is influenced by both viewpoint and
expression. Furthermore, the environmental context
in which the face is seen also has a larger influence on
the recognition of unfamiliar faces than on the recog-
nition of familiar faces (see Memon and Bruce, 1985,
for a review). Finally, there is also considerable evi-
dence from applied research on eyewitness identifica-
tion decisions and from publicized cases of
misidentification, such as the one involving Jean
Charles De Menezes, that suggests unfamiliar face
recognition is far, far more error prone than familiar
face recognition.

In Box 4.1, you will see that research has also shown
that even when participants do not have to recognize
an unfamiliar face from memory, they are still prone
to making errors.

The difference between familiar and unfamiliar
face recognition might be quantitative in nature and
simply reflect the amount of exposure the partici-
pants have had to the faces. However, according to
Megreya and Burton (2006), it is more likely that the
difference is qualitative in nature. They carried out

six experiments involving face matching tasks

UNIVERSITY OF MARYLEND GLOERL CEMEPUS. All use subject To https://www.ebsco.com/terms—-of-use




PART 1 PERCEPTUAL PROCESSES

BOX 4.1 RESEARCH STUDY Recognizing unfamiliar faces in matching tasks

Even matching unfamiliar faces that are presented
simultaneously (a task that does not test our mem-
ory) appears to be surprisingly difficult. In a field
experiment, Kemp et al. (1997) locked at how well
cashiers could match shoppers to credit cards bear-
ing their photographs. They found that cashiers
would frequently accept credit cards depicting a
photograph of someone who bore a resemblance
to the shopper (the correct decision rate to reject
the card was only 36 per cent). Even when the
photograph was of somecne who bore no particu-
lar resemblance to the shopper but was of the
same sex and ethnic background, the correct
decision rate to reject the card was only 66 per cent
(see Activity 4.4).

Other studies have demonstrated that we are not
very good at matching two similar high quality photo-
graphic images when the face is unfamiliar. Bruce et al.
(1999) showed participants a high quality video still of
an unfamiliar young male target that was then pre-
sented in a line-up of similar images of nine other
young men. Even when told that the target was defi-
nitely present in the line-up, participants picked it out
accurately in only 80 per cent of the trials. If not told
that the target was present, or if the pose of the target
was varied between initial presentation and test, then
performance was even worse. In fact, the perfor-
mance of these participants has been matched or even
exceeded by that of an automatic face recognition sys-
tem tested on the same images (Burton et al., 2001).

EESCCOkost — primted on 10/2/72022 1:15 BM wi=z

kK ACTIVITY 4.4

Look at the images of three faces shown in Figure
4.21. Which of the images to the left (a or b) do you
think is of the same woman as that in the right-hand
image (c)? These images are examples of images that
were used on photo credit cards in the study con-
ducted by Kemp et al. (1997).

(@) (b)
FIGURE 4.21 Three faces.

COMMENT

The correct answer is that the left-hand image (a) is of
the same woman shown in (c), but cashiers often
refused to accept it due to the change in hairstyle.
However, the image in the centre (b) was often incor-

rectly accepted as being of the woman to the right (c).
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similar to those described in Box 4.1. They pre-
sented the faces in both upright and inverted (upside
down) conditions, and found that whilst perfor-
mance for unfamiliar faces was similar in both con-
ditions, participants were better with familiar faces
in upright conditions. This finding was replicated in
a further study (Megreya and Burton, 2007). Their
conclusion was that unfamiliar faces are not pro-
cessed for identity like familiar faces, and whereas
unfamiliar face matching may rely on image-based
or pictorial processes (where the faces are treated

SUMMARY OF SECTION 4

CHAPTER 4 RECOGNITION

as ‘simple visual patterns’), recognition of familiar
faces is likely to involve a more specialized and
robust type of processing.

The next section looks more closely at what recog-
nition of familiar faces may entail. We will start our
discussion by considering some of the errors people
make. These errors provide us with important infor-
mation about the different systems and processes that
may be involved in face recognition. Importantly,
models of face recognition need to be able to account
for such errors.

» Face recognition is an example of a within-category judgement task.

= Qur ability to identify familiar faces is extremely good and relatively unaffected by pose, viewpoint,

or context.

+ Recognition of unfamiliar faces is much poorer and is influenced by changes in pose, viewpoint, or

context.

s MODELLING FACE RECOGNITION

The theories of object recognition we have looked at
previously centred on matching the description of an
object that is in view with a stored representation.
Although face recognition also involves similar
matching processing, this is not usually considered
the end point. In addition to matching the face we also
need to access relevant semantic information and,
preferably, the person’s name.

51 Young et al’s (1985) diary
study

In a diary study, Young ef al. (1985) asked 22 partici-
pants to make a record of the mistakes they made in
recognizing people over an eight-week period. The
recorded errors or difficulties tended to fall into differ-
ent categories as shown in Table 4.2

Although we may have face recognition expertise,

that you failed to recognize someone you know or
we do make mistakes. Before reading on, reflectfor  you mistakenly thought you recognized someone

a moment and recall the last time you discovered  you didn't know.
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TABLE 4.2 The main types of everyday errors in face
recognition revealed by Young et al. (1985)

Types of everyday MNumber of errors
errors
Person misidentified 314
Person unrecognized 114
Person seemed familiar only 223
Difficulty in retrieving full
: 190
details of the person
Decision problems 35

What do these different categories mean? ‘Person
misidentified” refers to those occasions when someone
unfamiliar is misidentified as someone familiar and
‘Person unrecognized’ refers to occasions when some-
one familiar was thought to be someone unfamiliar.
Both may arise because of poor viewing conditions
(i.e. it is a bit dark) or because we know the person
only slightly. ‘Person seemed familiar only" refers to
those occasions when you recognize someone as being
tamiliar but no other information comes to mind
immediately, and ‘Difficulty in retrieving full details of
the person’ refers to occasions when only some seman-
tic information is retrieved and not, for example, their
name. These errors often occur when the familiar per-
son is seen outside the context in which they are usu-
ally encountered. Finally, ‘Decision problems’ refers to
those occasions where you think you recognize the
person but decide it cannot be them, perhaps because
you believe they are currently in another country.

These errors demonstrate that it is possible to
retrieve previously learned semantic information
about a person without recalling their name, but that
it is very unlikely that we will recall their name with-
out also retrieving relevant semantic information.
However, before we can recall either semantic infor-
mation or a name, we must realize the face is familiar.

52 A cognitive model of face
recognition

These findings on everyday errors are consistent with

the notion that the recognition of familiar faces
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invelves a sequence of processes using different types
of information. Hay and Young (1982), Young ef al.
(1985), and then Bruce and Young (1986) refined a
cognitive theoretical framework or model of person
recognition involving such a sequence of stages. On
meeting people we encode their faces. This encoded
information may activate face recognition units
(FRUs) that contain stored information about the
faces we are familiar with. If there is a reasonable
match between what has been encoded and what is
stored in the recognition unit, then the recognition
unit will be activated and allow access to semantic
information about the person’s identity, such as their
occupation, stored in person identity nodes (PINs). It
is only once the PIN for a face has been activated that
their name can be generated. A cognitive system is
also involved, as the information provided by the rec-
ognition system must be evaluated. As the diary study
above indicated, errors in face recognition can arise
because of decision problems. For example, if we
know that the person doesn’t live or work nearby, that
knowledge may override what our recognition system
is telling us and hence we may doubt that we have cor-
rectly identified the person.

So, when might the encoded information activate
FRUs? As mentioned in Section 4, familiar face recog-
nition is extremely good and relatively unaffected by
pose, viewpoint, or context, and to achieve this Bruce
and Young suggested that structural codes are formed
over time. These codes contain the information that
allows a face to be recognized despite changes in pose,
expression, etc. Importantly, structural codes allow us
to decide whether or not a face is familiar. The first
stage of the model involves the creation of these codes
resulting in two types of representations that serve
different purposes. Viewer-centred descriptions result
in viewpoint-specific representations and, as can be
seen in Figure 4.22, these are used for expression
analysis and to help make sense of speech. Expression-
independent descriptions result in separate and
more abstract expression-independent representa-
tions, which are used for recognition. Therefore, a face
needs to be familiar if it is to activate a FRU; if it is
unfamiliar then its representation will be linked to the
particular view of the face that is being shown in that

particular encounter.
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FIGURE 4.22 Bruce and Young's functional model for face recagnition. Source: Bruce and Young, 1986, p.312

The Bruce and Young (1986) functional model for
face recognition is presented in Figure 4.22. As you
can see, there are separate routes for facial expression
analysis, facial speech analysis, and face recognition;
and face recognition progresses through a sequence of
stages from FRUs to PINs to name generation.

The notion that different types of information are
sequentially accessed is also supported by the results
of experiments conducted in the laboratory. For
example, Hay et al. (1991) showed participants 190
images of the faces of celebrities (including people
likely to be familiar to the participants and those likely
to be unfamiliar) and asked them to decide whether or
not each face was familiar and to state the persons

occupation and name. Participants did not retrieve a

name without also being able to name the occupation,
thus supporting the notion that semantic ‘person
identity’ information is retrieved before the persons
name. Other studies (e.g. Johnston and Bruce, 1990),
looking at how quickly we can complete a particular
task, have shown that faces can be classified as famil-
iar more quickly than they can be classified by occupa-
tion, and furthermore that classifications that
require accessing the person’s name take longer than
classifications involving a person’s occupation or
other semantic properties. These findings support the
notion that perceptual classification, judging the
familiarity of a person, takes place before semantic
classification and that a person’s name is accessed last.

They also provide a nice demonstration of how the
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findings from the laboratory may support those
derived in a more everyday study of face recognition,
such as Young ef al.’s (1985) diary study.

53 A connectionist model of
face recognition

The IAC model (e.g. Burton et al, 1990; Burton
and Bruce, 1993) is a connectionist model (recall the

discussion of connectionism in Chapter 1) of face
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FIGURE 4.23 The central architecture of the |AC model.
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recognition and an extension and implementation of
the Bruce and Young model described above. IAC
stands for ‘interactive activation and competition net-
work’ As this model is a computer simulation of face
recognition it has been tested by seeing how compati-
ble it is with the available evidence, and by looking at
the predictions it generates.

The model comprises units that are organized into
pools (see Figure 4.23). These pools contain:

« FRUs (face recognition units): For every familiar
person, there is one FRU in the model. These are
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view-independent and seeing any recognizable
view of a face will activate the appropriate FRU.
These representations allow perceptual
information to be mapped onto stored memories.
('This is basically what was suggested in the Bruce
and Young model.)

« PINs (person identity nodes): This is where a face is
classified as belonging to a person, and there is one

unit per known person.

o SIUs (semantic information units): Relevant
semantic information is stored here, e.g.

occupational category.

» Lexical output: Units representing output as either

words or a name.

The IAC model also includes a route based on word
recognition. The pool of WRUs (word recognition
units) represents an input lexicon containing both
specific names and more general information, such as
nationality or occupation. Words that are names have
direct links to a pool of NRUs (name recognition
units), which are linked to PINs in the same way as
FRUs. The WRUs that do not correspond to names are
linked to SIUs.

Figure 4.23 shows how the pools are connected. The
input systems (FRUs and NRUs) join to a common set
of person identity nodes (PINs) and these are linked
to units containing semantic information (SIUs). Each
of the pools is illustrated here with just a few examples
of the units they might contain. Many SIUs will be
shared and here many people will be represented with
such information as ‘teacher’ or ‘British’

Recognizing a face is modelled in the following
way: seeing a face will activate an FRU, which in turn
increases activation in the relevant PIN. As PINs are
linked to SIUs, activation of the PIN will bring about
activation in the relevant SIU. The notion that differ-
ent types of information are sequentially accessed is
therefore still present in this connectionist model. If a
certain threshold is achieved in the PIN, then this sig-
nals familiarity. An important point to note is that dif-
terent types of information come together at the PIN
stage, including information from recognition systems

CHAPTER 4 RECOGNITION

specialized for faces, as well as those specialized for
the recognition of written or spoken names, and
tamiliarity is judged on this pooled information.

We mentioned before that IAC stood for ‘interac-
tive activation and competition network’ The ‘inter-
active activation’ arises from the links between units
in different pools, which are excitatery: the FRU for
Mick Jagger’s face excites or activates the PIN for
Mick Jagger, which in turn excites semantic informa-
tion units for the name ‘Mick Jagger), the occupation
‘singer, and the nationality ‘British. These excitatory
links are bidirectional so that excitation also runs in
the opposite direction from ‘singer’ to Mick Jagger’s
PIN and Mick Jaggers FRU. However, within each
pool links between units are inhibitory (these links
are not shown in Figure 4.23), so this is where ‘com-
petition’ arises. Excitement in the FRU for Mick
Jagger will inhibit activity in the other FRUs, just as
excitement in Mick Jagger’s PIN will inhibit activity
in the other PINs and excitement in one SIU will
inhibit activity in another SIU. But the SIU for Mick
Jagger (which might be ‘singer’) will also excite many
other PINs (in this example, those belonging to all
other singers). This means that activation of PINs will
not be limited solely to the specific person in ques-
tion, but some activation will also occur for anyone
who is semantically related (e.g. shares the same
occupation). Thus, the model incorporates the results
of experiments that have shown priming effects — that
you are quicker to recognize Bill Wyman if you have
already seen Mick Jagger. Generally, the strength of
this connectionist model is that it can account for
findings from laboratory studies as well as for the eve-
ryday errors described by Young ef al. (1985).

To conclude this section, it is important to highlight
that the Bruce and Young model has been very influ-
ential and still remains so today, providing a frame-
work for organizing the different elements involved in
face recognition. It has been superseded by the IAC
model, which provides more information on how
FRUs and PINs actually operate and accounts for the
effects of priming. Next we shall consider how well the
IAC model can account for findings from neuropsy-

chological studies.
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SUMMARY OF SECTION 5

» Bveryday errors suggest that recognizing faces involves sequential access to different types of infor-

mation.

* A cognitive model of person recognition involving such an idealized sequence of stages has been

developed (Bruce and Young, 1986).

« IAC is a connectionist model of face recognition that is an extension and implementation of this

cognitive model.

s NEUROPSYCHOLOGICAL

EVIDENCE

Prosopagnosia, the inability to recognize faces whilst
maintaining the ability to recognize other objects, is
a well-documented phenomenon. However, cases of
‘pure’ prosopagnosia are exceptionally rare. It is
more common to see deficits affecting other visual
categories too. The recognition of all familiar faces is
affected, regardless of their semantic categories (so it
is not the case that the failure to recognize a face is
restricted to faces of celebrities or politicians).
However, as recognition from other cues, for exam-
ple voice, usually remains unaffected, the condition
is specific to visual recognition of faces and is not a
more general impairment of the recognition of per-
sonal identity. Also, the ability to distinguish between
taces is often preserved.

In this section, we shall focus on two key findings
that have emerged from investigations of prosopag-
nosia: first, that identification of expression appears
to be independent from face identification; and sec-
ond, that face recognition and awareness of face rec-
ognition might also be independent of one another.
It is possible that although prosopagnosics are una-
ble to recognize faces consciously or overtly, certain
types of non-conscious response may be preserved.
We shall examine how the IAC model may account
for this.

61 Separate routes for
identification and emotional
expression

As mentioned in Section 5, models of face recognition
have proposed a route for face identification that is
independent of emotional expression, and this inde-
pendence has received support from experimental
work and from neuropsychological research. In many
cases of prosopagnosia, the ability to recognize facial
expressions may be unaffected. Young et al (1993)
looked at ex-servicemen with unilateral brain injuries
and tested familiar face recognition, unfamiliar face
matching, and analysis of emotional facial expres-
sions. Analysis of accuracy data showed evidence of
selective impairments in each of these three abilities.
For example, one participant with a right hemisphere
lesion was selectively impaired in identifying familiar
faces, whereas a different participant, also with a
right hemisphere lesion, had problems only with
matching unfamiliar faces. A number of other partici-
pants with left hemisphere lesions were only impaired
on the facial expression tasks. Response latency
data also supported the notion of a selective deficit

of facial expression processing, but suggested that
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impairments of familiar face recognition and unfamil-
iar face matching were not entirely independent from
one another. The findings from this study thus provide
strong support for the notion that facial expression
analysis and face identification seem to proceed inde-
pendently of each other (and also some support for
the notion that the ability to recognize familiar faces
and to match unfamiliar faces may be selectively and
independently impaired).

6.2 Covert face recognition

Previously, when describing models of face recogni-
tion, we did not draw a distinction between face rec-
ognition and awareness of recognition. However,
neuropsychological research on prosopagnosia sug-
gests that the distinction is important. Bauer (1984)
monitored changes in autonomic nervous system
activity via changes in skin conductance response
(SCR). These changes signal an affective or emotional
reaction (you may remember reading in Chapter 2 on
attention how a closely related response, GSR, was
measured to look at unconscious processes). Bauer
showed LEF, a participant with prosopagnosia, a face
and read out a list of five names, whilst simultaneously
measuring SCR. If LF was asked to pick the correct
name he performed no better than expected by
chance. In other words, LF was overtly unable to
recognize familiar people from their faces. However,
LF showed a greater SCR when the correct name was
read aloud compared with the incorrect names. Thus,
LF was showing an affective or emotional response,
but this response was not a conscious one. The term
covert recognition is used to describe this non-con-
scious recognition or emotional response to the faces.

Since Bauer’s work, many studies have investigated
covert recognition and the issue is not whether this
type of face recognition exists but how to interpret it.
Bauer proposed that separate neural pathways are
responsible for two independent routes to recognition,
one for conscious overt recognition and one for non-
conscious covert recognition. Although questions

remain over exactly how overt and covert recognition

CHAPTER 4 RECOGNITION

processes are mediated and how these processes nor-
mally become integrated, there is support for
the involvement of the two major neural pathways (see
Box 4.2).

A different issue is whether those individuals who
retain covert recognition can be helped to overcome
their disorder. Could covert recognition be turned
into overt recognition? Sergent and Poncet (1990)
were the first to demonstrate such provoked overt
recognition. In their study, PV was shown eight faces
of famous people from the same semantic category
and she was unable to identify them. However, when
she was told that they all had the same occupation
and she looked at the faces again, she was able to say
that they were all politicians, name seven of the peo-
ple, and recall biographical information about the
eighth person. This and other later studies (e.g.
Diamond et al, 1994) have shown that provoked
overt recognition can occur under certain experi-
mental conditions, and this provides some hope for
rehabilitative work.

Can the TAC model accommodate the pattern of
deficits described here? Covert without overt recogni-
tion is explained in terms of attenuation (or weaken-
ing) in the connections between the FRUs and
PINs. This means that when a face is seen and the FRU
the weakened FRU-PIN connection
strength means that excitation of the corresponding
PIN is not raised above the threshold for the face to be
recognized overtly. However, this weakened activation

is activated,

may be sufficient to raise the excitation of the PIN
above its resting level, mediating covert recognition.
Provoked overt recognition is explained in the
following way. Telling PV that the faces are related is
equivalent to strengthening the PIN-SIU connections.
Unlike FRU-PIN connections, PIN-SIU links are
assumed to remain intact in instances of prosopagno-
sia where covert recognition is observed. Once these
connections are strengthened, activation is passed
back from the shared SIUs to the relevant PINs. These
then achieve threshold and the faces are recognized
overtly. Simulations with the model confirmed this
particular prediction - provoked overt recognition

was successfully modelled (Morrison et al., 2001).
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BOX 4.2 RESEARCH STUDY Capgras delusion

Capgras delusion usually occurs as part of a psychi-
Pg Y P psYy (a) Normal face processfng

atric illness, although it can result from brain injury.

A person with Capgras delusion believes firmly that

someone they know, usually a relative or close )4/ ‘HS f :j\

friend, has been replaced by an impostor, double, y mmrt dorw ‘;

robot, or alien. Sometimes the delusion relates to & (/ Infenor fou

objects; for example, the sufferer may believe that ( Cmgula S , ﬁ};urﬁng;

tools, ornaments, or other household objects have Z SU!{US\LVISUEJ
been replaced by doubles. Face and object Capgras \“"“J Hyp omalamus e / cortex
delusion do not usually co-exist, and the disorder M Amygdala

tends to be specific to one domain. The key point .| J Overt ...Eglr‘a‘l 32

here is that individuals with a face Capgras delusion

recognize a face but simultaneously refute its .
(b) Prosopagnosia

authenticity. Exactly why those with Capgras delu-

sion adhere to the belief that the person must be an e ?
impostor is still being debated. | €1 )'(
One of several explanations was offered by Ellis l; [} ( :}
and Young (1990). They suggested that Capgras delu- };5:} . Q‘:ﬁ
sion may be a ‘mirror image' of the impairments |" (-\ ‘ﬁcmi' e L\
] . | ~ gula ! ‘,‘ L
underlying prosopagnosia. Bauer (1984) proposed % . e
\....‘\ -
that the neurcanatomical pathway involved in overt /Fiypothalamus 5 .Scort:ax}
recognition was the ‘ventral visual-limbic pathway’, 4 5 M__i\ Amygdala “(. g
whereas the pathway involved in covert recognition __/ == .' o e —
was the ‘dorsal visual-limbic pathway'. Ellis and \ l
Young suggested that the Capgras delusion resulted () Capgras delusion
from damage to such a dorsal route, so that sufferers
would recognize the familiar person but not receive
supporting affective information. Their prediction ‘r-‘ ) “/
that individuals with Capgras delusion would recog- ‘ (— /—
nize familiar faces but would fail to show an auto- };{x
. 5 e f % ) (] —
nomic emotional response to these familiar faces has | ( Clngu At )q}\
received support from several studies (e.g. Hirstein \_H\[Z%y \ A Vlsual
and Ramachandran, 1997). Whilst overt recognition Hypothalamus / cortex
- s
is intact, covert recognition seems to be impaired. “"u—— Amygdala ,.».__
Figure 4.24 shows normal face processing (a), “J,_,k et |

o, =4

with a darker arrow showing the covert dorsal

route and a lighter arrow the overt ventral route. In FIGURE 4.24 The dorsal and ventral routes in normal
prosopagnosia (b) the overt ventral route is thought face processing (3), prosopagnosia (b), and Capgras

to be damaged, and in Capgras delusion (c) the delusion (c). Source: Ellis and Lewis, 2001, Figure 3, p.154

covert dorsal route is thought to be damaged.
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6.3 Evaluating the |AC model

As a model of face recognition, the IAC model is
impressive in that it can account for a wide range of
data from studies on face recognition. Whilst there are
other models of face recognition, some of these are
based on a narrower range of evidence; for example,
they may have sought only to account for the findings
from neuropsychological studies. As we have seen
here, IAC is compatible with everyday, laboratory, and
neuropsychological findings.

Hole and Bourne (2010) suggest that the weakness
of IAC is that it says little about what information is
extracted from the face in the first place to allow it to
become familiar. How is a face encoded to allow it to
be matched to an internal representation so that FRU
activation then follows? One issue that has been
raised is whether structural codes are indeed used to

SUMMARY OF SECTION 6

CHAPTER 4 RECOGNITION

combine the descriptions formed by multiple
encounters with a (familiar) face, so that what is
stored in memory is an abstracted representation of
the face. Longmore ef al. (2008) have challenged
such a notion after carrying out six experiments
where participants learned to recognize new faces to
near 100% accuracy (they termed this familiarized
face recognition). Their findings revealed that when
participants learned multiple views of the same face,
their performance decreased when shown novel
views of that face, suggesting that the different views
of the same face were stored as a collection of sepa-
rate images rather than as a combined representa-
tion. Therefore, what was stored appeared to be
based on view-specific rather than structural codes.
We shall consider other findings regarding the infor-
mation that is extracted from a face in the final

section of this chapter.

* Prosopagnosia is the inability to recognize faces, although expressions and other objects may still be

correctly identified.

» Covert face recognition, shown by autonomic responses to faces, may however be spared.

= Overt conscious face recognition and covert non-conscious face recognition are different types of

face recognition that may be mediated by different neural pathways.

» Capgras delusion may be a mirror image of prosopagnosia in terms of which system remains intact

and which system is damaged.

» Provoked overt recognition has been achieved in scme studies and has been successfully modelled

using the IAC model.

7 ARE FACES ‘SPECIAL"?

In this last section we return to the issue of the differ-
ence between face recognition and object recognition,
and in particular to face expertise and how we are able
to discriminate so readily between faces. There are sev-
eral important issues that the literature has addressed:

1. Is there a neuroanatomical location that underlies

tace processing and, if so, does this mean that face

processing is unique and qualitatively different
from the processing of other types of visual
stimuli?

2. 1Is face processing an innate or learned skill? Have
we developed a face expertise because of constant
exposure to faces and practice at differentiating
between them, or is this an innate ability?
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3. How important are the individual features of the
tace, the relationships between the features, or the
three-dimensional structure? Do we process the

individual facial features or the face as a whole?

In the previous section, we looked at the syndrome of
prosopagnosia and found that research implicated sev-
eral neurological pathways. Of particular interest is
that prosopagnosia can leave object recognition rela-
tively intact and, in turn, face recognition has been
spared in cases where object recognition has been
impaired (a double dissociation). Studies using the
technique of functional magnetic resonance imaging
(fMRI) have found facial stimuli to activate an area in
the fusiform gyrus in the posterior temporal lobes
(especially in the right hemisphere), whilst non-face
objects activated a different area. There is also the
observation of cells specialized for faces within the
monkey temporal lobe — these cells respond selectively
to faces of humans and/or monkeys but not to other
stimuli (e.g. geometrical shapes and bananas). There is,
therefore, evidence to suggest that the processing of
taces is mediated by specific areas of the brain; that
there is cortical specialization for faces. But does this
mean that face recognition is unique, that the processes
used for recognizing faces are qualitatively different
trom those used for recognizing other visual stimuli?
There is support for the notion that there is a special
mechanism from birth for processing facial informa-
tion, as newborn babies show a preference for face-like
visual patterns. Rather than an innate neural mecha-
nism that processes faces, Johnson and Morton (1991)
suggested that there is a mechanism that makes new-
borns attentive to faces, and this innate attentional bias
then ensures that any system for learning visual stimuli
receives a lot of face input and learns about the indi-
vidual characteristics of faces. Although there is a
‘kick-start’ mechanism that gives face processing in
newborns a special status, which serves to guide subse-
quent learning, soon other processing systems will
come into play that may or may not be unique to faces.
One further reason to think that face recognition is
a special type of recognition, distinct from other
object recognition, is that faces all tend to look alike in
that they have similar features in similar positions.
Given this similarity, it could be that we have to make

wiz UNIVERSITY OF MARYLEND CLOBRL CEMDUS.

use of a different form of visual information to recog-
nize a face from that used to recognize, for example, a
table. Some evidence that this is indeed the case comes
from studies that have demonstrated that inverting, or
turning upside down, visual stimuli disproportion-
ately impairs our ability to recognize faces compared
with our ability to recognize objects. This is known as
the inversion effect. Yin (1969) and other studies since
(e.g. Johnston ef al., 1992) have shown that inverting a
photograph of a face disrupts recognition more than
does inverting an image of an object. Yin looked at the
influence of inversion on faces and other stimulus
material including houses and aeroplanes. Although
recognition memory was better for upright faces than
for other material, when the stimuli were turned
upside down, recognition for faces was worse than
that for other material. The key question is whether
this peculiar reversal of recognition accuracy for taces
(from best upright to worst inverted) supports the
notion that faces are processed differently from other
stimuli or whether there is an alternative explanation.

Diamond and Carey (1986) investigated an alterna-
tive hypothesis, namely that the effect of inversion on
faces was a result of our perceptual mechanisms
becoming ‘tuned’ to seeing this special type of visual
stimulus in the usual upright orientation. This ‘tuning’
or expertise would then be ‘lost” when we see them
inverted. Their research considered whether the inver-
sion effect was indeed specific to human faces or
whether it would in fact arise when using any class of
visual stimulus with which we have a large amount of
experience. To investigate this, Diamond and Carey
selected participants to include both people who were
not interested in dogs and people who were dog
experts (mainly dog-show judges, breeders/handlers,
or people with a sustained interest in dogs). These par-
ticipants were shown photographs of both human
faces and dogs (body profiles — see Figure 4.25) and
told to look at each photograph and try to remember
it. Analysis revealed that whereas all participants rec-
ognized upright faces better than inverted faces, dog
experts also recognized upright dogs better than
inverted dogs. This finding has been interpreted as
supporting the notion that the inversion effect is
acquired as a result of expertise and is not a “face-spe-
cific’ effect.
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What changes then in the way we process faces as we
acquire this expertise? Diamond and Carey proposed a
distinction between first-order and second-order rela-
tional properties. First-order relational properties refer
to the spatial relationships among parts of the face; for
example, the eyes are above the nose and the mouth is
below the nose. Faces cannot be distinguished accord-

ing to their first-order relational properties as they all

b o3
-

CHAPTER 4 RECOGNITION

share the same basic arrangement or configuration.
However, first-order relational properties help us
detect that a visual stimulus is a face — a necessary step
before identifying the face. Second-order relational
properties refer to the differences in this basic configu-
ration. This refers to the differences in the way the
features are arranged in relation to each other; for

example, wide-set eyes with a low forehead versus

(a) Inspection items that participants were
asked to remember

-
o

e
ol

(b) Recognition items: participants were asked to judge which of the stimulus items they

had seen previously

FIGURE 4.25 Examples of the dog stimuli used. Source: Diamond and Carey, 1986, p.112
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narrow-set eyes and a high forehead. Expertise results
in a greater sensitivity to these second-order relational
properties, as it is these properties that individuate
members of the same class, such as human faces.
There is support for the notion that inversion influ-
ences our sensitivity to second-order relational prop-
erties. For example, Searcy and Bartlett (1996)
presented participants with photographs of grotesque-
looking faces. They created images where they had
either distorted individual facial features (eyes and
mouths) or they had distorted the spatial relations
between the features (see Figure 4.26). They then
presented these manipulated images in upright and
inverted orientations. Participants rated the grotesque-
ness of the images and results showed that images of
taces with distortions to the spatial relations between
the features were rated as less grotesque when presented

inverted rather than upright; inversion failed to reduce
ratings of grotesqueness when the distortions were
performed on the features. These findings support the
notion that inversion disrupts our processing of spatial
relationships between the features.

Research like this suggests that our expertise in
(upright) face recognition stems from the way in
which these upright faces are processed as ‘configura-
tions’ rather than as an assemblage of independent
features. The term configural processing has been
used, although this has been interpreted in a number
of ways: to refer to the spatial relationships between
features (i.e. second-order relational properties); to
refer to the way facial features interact with one
another (i.e. the way the shape of the mouth influences
how the shape of the nose is perceived); to refer to
holistic processing of the face (i.e. the face is perceived

FIGURE 4.26 Examples of stimuli used by Searcy and Bartlett (1996): the pair labelled ‘A’ shows a normal image and
one with distorted facial features; the pair labelled 'B’ shows a normal image and one with spatial distortion. Source:

Searcy and Bartlett, 1986, Figure 1, p.907

PM wiz UNIVERSITY OF MARYLEND

i

CLOERL CRMDUS.

A1l use subject To https://www.sebsco.com/terms—of-use



EESCCOkost — primted on 10/2/72022 1:15 BM wi=z

as a whole face pattern and not broken down into sep-
arate features); or even to refer to the basic arrange-
ment of the facial features (i.e. first-order relational
properties). A considerable amount of research has
been devoted to investigating the relative importance
of this type of processing as compared with the pro-
cessing of the facial features (known as featural pro-
cessing or piecemeal processing). Although it is not
always clear what different researchers mean by the
term ‘configural, there is agreement that configural
information plays an important role in the perception
and representation of upright faces.

One area of debate centres on the suggestion that
this reliance on configural processing is the result of
learning to recognize lots of faces, and hence the result
of expertise. Although this does not rule out input
from an innate mechanism, which may have ‘kick-
started’ this learning by biasing attention towards
taces, it does not suggest that face perception and rec-
ognition involve umigue processes that are qualita-
tively different from those used to process other types
of stimuli. This generic expertise hypothesis has been
criticized by Robbins and McKone (2007), who failed
to replicate the finding of Diamond and Carey (1986).

SUMMARY OF SECTION 7

CHAPTER 4 RECOGNITION

Robbins and McKone tested dog experts who they
confirmed had good individuation of exemplars of
their included

judges, breeders, and trainers of Labradors and so

breed-of-expertise. Their experts
their stimuli were of Labrador Retriever dogs. They
compared the performance of these experts with nov-
ices on a number of tasks, including inversion, and in
contrast to Diamond and Carey found no difference
between experts and novices for the dog-inversion
effect. Their paper not only presented new data but
also provided a review of behavioural experiments
often used as support for the expertise hypothesis, and
they concluded that configural/holistic processing
does not occur for objects of expertise and is therefore
unique to face processing. They claimed that the find-
ings of investigations looking at configural processing
support the idea of domain-specificity for faces; in
other words that faces are special.

In sum, there is physiological and neuropsychologi-
cal evidence supporting the existence of areas special-
ized for processing faces, and evidence suggesting an
innate ability to pay attention to faces. Whether or not
the processes involved in face recognition are unique
is a central question under investigation.

» Neuropsychological and physiclogical evidence suggests that there are specific areas of the brain that

mediate face processing.

» Research on newborn babies suggests an innate ability to attend to faces.

« The inversion effect appears to be linked to our expertise in processing upright faces using configural

information.

* We may develop expertise at distinguishing members of other categories of visual stimuli that also

involves configural processing.

» Most evidence does not suggest that the processes involved in the perception and recognition of

faces are unique.

g CONCLUSION

In this chapter we have explored different types of rec-

ognition and looked at some of the mechanisms that

allow us to recognize objects and faces. In reading

about recognition, you may well have got the idea that

UNIVERSITY OF MARYLEND GLOERL CEMEPUS. All use subject To https://www.ebsco.com/terms—-of-use




PART 1 PERCEPTUAL PROCESSES

cognitive psychologists still have a lot to learn about
how object and face recognition may occur. Indeed,
research has yet to clarify the different processes
involved in recognizing familiar faces as opposed to
untamiliar faces, or to specify fully the overlap, if any,
between the processes involved in face identification
and those used in object recognition.

It is undoubtedly the case that a great deal of
research is still being conducted in order to provide a

more comprehensive and detailed theory of the cogni-
tion involved in recognition. Just as there are different
types of recognition, there are also different ways of
recognizing faces and objects — for example, visually
or by touch — and these different ways may involve dif-
ferent processes. So, rather than seeing the theories
discussed here as providing a final answer, the best
way to view them is as taking some of the initial steps
in this complex but interesting field.

[ FURTHER READING

J

Bruce, V., Green, PR., and Georgeson, M.A. (2003) Visual
Perception: Physiology, Psychology and Ecology, Hove,
Psychology Press. This textbook on visual perception by Bruce,
Green, and Georgeson covers both perception and recognition
and provides a more extensive look at the areas of cognition cov-
ered in both this and the preceding chapter.

Marr, D. (1982) Vision: A Computational Investigation
into the Human Representation and Processing of Visual
Information, San Francisco, WH. Freeman & Company. The
critical importance of the work of Marr for theories of percep-
tion and recognition is hopefully clear by now. Marr’s seminal
book, published in 1982, is still widely available and the best way
of really getting to grips with his research.

Hole, V. (2010) Face Processing:
Psychological, Neuropsychological, and Applied Perspectives,
Oxford, Oxford University Press. This book by Hole and Bourne

Is an excellent text suitable for the student reader, that provides a

G. and Bourne,

comprehensive review of different areas of research on face pro-
cessing. As well as covering empirical findings from laboratory
based research, evidence from neuropsychological investigations is
described and relevant applied research is discussed. It also covers
theories of face perception and recognition that we have not had
time to go into here, most notably Valentine's multi-dimensional face
space model and the approach to face recognition based on prind-
pal component analysis.
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