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Hanley, Smith, and Had®eld (1998) showed that when participants were asked to recognize

famous people from hearing their voice, there was a relatively large number of trials in which

the celebrity's voice was felt to be familiar but biographical information about the person

could not be retrieved. When a face was found familiar, however, the celebrity's occupation

was signi®cantly more likely to be recalled. This ®nding is consistent with the view that it is

much more dif®cult to associate biographical information with voices than with faces. Never-

theless, recognition level was much lower for voices than for faces in Hanley et al.'s study, and

participants made signi®cantly more false alarms in the voice condition. In the present study,

recognition performance in the face condition was brought down to the same level as recog-

nition in the voice condition by presenting the faces out of focus. Under these circumstances,

it proved just as dif®cult to recall the occupations of faces found familiar as it was to recall the

occupations of voices found familiar. In other words, there was an equally large number of

familiar-only responses when faces were presented out of focus as in the voice condition. It is

argued that these results provide no support for the view that it is relatively dif®cult to

associate biographical information with a person's voice. It is suggested instead that associa-

tive connections between processing units at different levels in the voice-processing system

are much weaker than is the case with the corresponding units in the face-processing system.

This will reduce the recall of occupations from voices even when the voice has been found

familiar. A simulation was performed using the latest version of the IAC model of person

recognition (Burton, Bruce, & Hancock, 1999) which demonstrated that the model can

readily accommodate the pattern of results obtained in this study.

Hanley, Smith, and Had®eld (1998) have recently demonstrated that it is much more

dif®cult to recognize a famous person from hearing their voice than from seeing their

face. Participants in their study either were shown video recordings of famous people or
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heard a recording of their voice. Hanley et al. found that fewer target voices than faces

were correctly recognized, and more voices than faces of non-famous people were con-

sidered to be familiar. Such ®ndings are consistent with research on episodic memory for

previously unfamiliar faces and voices (e.g., Yarmey, Yarmey, & Yarmey, 1994), which

shows that a recently seen face is much more likely to be correctly recognized than a

recently heard voice. The problem with recognizing famous voices relative to famous faces

is likely to be exacerbated by the fact that we probably encounter a famous person's face in

the media more often than we hear their voice.

However, Hanley et al. (1998) did not merely demonstrate that familiar faces are easier

to recognize than voices. Generally when we see a face that feels familiar, we are also able

to retrieve information about the person concerned, such as their occupation or where

they are typically encountered (Hanley & Cowell, 1988; Hay, Young, & Ellis, 1991; Young,

Hay, & Ellis, 1985). For example, Hay et al. (1991) reported that if a famous face was

found familiar, then participants could recall appropriate biographical information about

the person on approximately 94% of occasions. Hanley et al. found a quite different

pattern when they presented voices of famous people instead of their faces. Overall,

the occupations of only 50±60% of voices found familiar could be recalled. There

were therefore many more ``familiar-only'' responses to voices than to faces (i.e., situa-

tions in which the person feels familiar but no additional information about them can be

retrieved). Similar results were obtained by Maylor (1997) in a study that investigated

the effects of ageing on the identi®cation of famous voices. Hanley et al. also observed a

disproportionately large number of familiar-only responses even for voices that were

deemed by participants to be very high in familiarity. They concluded that it is rela-

tively dif®cult to associate the voice of a familiar person with biographical information

about them.

One obvious extension of this line of research would be an investigation of exactly what

it is about voices that appears to make them so dif®cult to associate with biographical

information. However, as Hanley et al. (1998) acknowledged, the fact that overall perfor-

mance was much lower in the voice condition than in the face condition was a cause for

concern about the data they presented. Because the number of unfamiliar people that

were falsely recognized was signi®cantly higher in the voice condition, it is quite possible

that the pool of familiar voices that was recognized contained a relatively large number of

items to which the participants correctly responded ``familiar'' on the basis of noise or

guesswork. It would not be surprising if the participants were unable to recall an appro-

priate occupation for ``familiar'' items of this kind.

It is therefore possible that poorer recall of occupations from voices found familiar

than from faces found familiar is an artifact of the fact that the voices are associated with

lower overall levels of familiarity than the faces. Hanley et al. (1998) attempted to cir-

cumvent this problem by comparing the performance of selected groups of participants

from the face and voice conditions who were as closely matched as possible in terms of

number of hits and false alarms. Even under these circumstances, fewer occupations of

voices deemed familiar than those of faces deemed familiar were recalled. Nevertheless,

post hoc analyses of this kind are far from optimal. They require that the results from a

relatively large number of the participants are discarded, and they can introduce con-

founding variables into the experiment. It would therefore be reassuring if Hanley et al.'s
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®ndings could be replicated under conditions in which hit rate and false-alarm rate were

similar in the voice and face conditions.

In the present study, therefore, we attempted to match overall levels of recognition in

the face and voice conditions by reducing the level of performance in the face condition.

This was achieved by presenting subjects with faces slightly out of focus. The critical

question was whether it would remain easier to recall the occupations of faces found

familiar than the occupations of voices found familiar.

Method

Participants

A total of 75 people, the majority of whom were undergraduate students at Liverpool University,

took part in the experiment. Their ages ranged from 18 to 40 years.

Design

A between-subjects design was employed; 25 participants were randomly allocated to the voices

condition, 25 were allocated to the standard-face condition, and 25 were allocated to the blurred-

faces condition.

Stimuli

A videotape containing extracts from television interviews with 34 celebrities and 17 non-famous

people was used to present the stimuli in this experiment. Each extract lasted between 10 and 15 s,

and included the celebrity saying something neutral that gave no clues as to their identity or

occupation. Each extract was presented once to each participant. The order of the extracts on the

videotape was randomized. The celebrities comprised approximately equal numbers of politicians,

sportsmen/women, actors, TV personalities, comedians, and popstars. The tape was a shortened

version of the one used by Hanley et al. (1998).

Procedure

In the blurred-face condition, a video projector was used to present moving images of the faces

onto a large white screen. Participants sat approximately 4 metres away from the screen. The focus of

the slide projector was set such that all of the faces were presented out of focus. Results from a pilot

study had previously revealed a similar proportion of correct familiarity decisions in this condition as

in the voice condition in Hanley et al.'s (1998) study. The volume control was set to zero so that

participants were unable to hear what the person was saying. Conditions in the standard-face con-

dition were the same except that the faces were presented in focus. Participants in the voices

condition heard a series of voices one at a time through a speaker, but were unable to see the screen

on which the faces were displayed. All participants were exposed to the same extracts, thus ensuring

that time exposure to each person was equated in the three conditions.

Participants in all three groups were asked ®rst of all to indicate whether they found the face or

voice unfamiliar or familiar. If the latter, they were asked to rate the degree of familiarity on a scale of

1±3 where ``3 signi®es high familiarity, 2 medium familiarity, and 1 low familiarity''. A rating scale

containing only 3 points was used in an attempt to ensure that each participant would produce a
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reasonably large number of responses at each level of familiarity. They were then asked to recall the

occupation and the name of the celebrity.

Results

Mean scores on the different performance measures can be seen in Table 1. The alpha

level for all statistical analyses was set at .05. An analysis of variance (ANOVA) revealed a

signi®cant difference in the number of correct familiarity decisions, F(2, 72) 5 40.39, and

in the number of false positives, F(2, 72) 5 31.63, in the three conditions. Newman-Keuls

post hoc tests revealed signi®cantly more correct familiarity decisions and signi®cantly

fewer false positives in the standard-face condition than in the blurred-face conditions,

which did not differ signi®cantly from each other. An analysis by items also revealed a

signi®cant main effect of condition on the number of correct familiarity decisions,

F(2, 66) 5 33.66. Newman-Keuls post hoc tests once again revealed signi®cantly more

correct familiarity decisions in the standard-face condition than in the blurred-face and

voice conditions, which did not differ signi®cantly from each other.

Analyses were also performed using the standard signal detection measures of d9
(sensitivity) and beta (bias). There was a signi®cant difference in d9 scores in the three

conditions, F(2, 72) 5 118.14. Post hoc tests revealed that d9 was signi®cantly higher in

the standard-face condition than in the blurred-face and voice conditions, which did not

differ signi®cantly from each other. This demonstrates greater ability to distinguish

famous from non-famous people by participants in the standard-face condition. There

was, however, no signi®cant difference in beta scores in the three conditions (F , 1). This

shows that there is no evidence of subjects in the voice or blurred-face conditions adopt-

ing a more or less conservative criterion than participants in the standard-face condition.

We were also interested in whether or not the voice and blurred-face conditions were

matched in terms of the number of familiarity decisions that were made at each of the

three levels of familiarity. The relevant data are summarized in Table 2. An ANOVA

TABLE 1
Mean performance in the face, blurred-face, and voice conditions

Condition

Face Blurred face Voice

M SE M SE M SE

Found familiar 29.76 0.78 20.64 0.90 19.28 1.00
False alarms 1.04 0.30 4.64 0.28 4.88 0.52
d9 2.67 0.11 0.92 0.06 0.80 0.11
beta 1.37 0.19 1.17 0.07 1.30 0.11
Occupations recalled 27.12 1.05 11.08 0.28 11.12 0.52
Occupations conditionalized on

familiarity
0.91 0.02 0.55 0.03 0.56 0.05

Names recalled 20.56 1.41 8.48 0.79 7.80 1.01
Names conditionalized on familiarity 0.69 0.04 0.41 0.04 0.38 0.05
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revealed a signi®cant main effect of level of familiarity, F(2, 72) 5 60.82, and of condition,

F(2, 144) 5 25.29. Of particular interest was the presence of a signi®cant interaction

between these factors, F(4, 144) 5 27.80. In order to compare directly the number of

familiarity decisions, made in the blurred-face and voice conditions, this interaction was

further investigated by performing a two-way ANOVA after the data from the normal face

condition had been removed. This revealed no effect of condition (F , 1), a signi®cant

effect of level of familiarity, F(2, 96) 5 7.97, and a signi®cant interaction, F(2, 96) 5 3.47.

Tests of simple main effects revealed a signi®cant effect of level of familiarity in the voice

condition, F(2, 96) 5 10.95, but not in the blurred face condition (F , 1). There was,

however, no signi®cant difference in the number of responses made in the blurred-face

and voice conditions at any of the three levels of familiarity. The voice condition and the

blurred-face condition were therefore matched for both the number and the strength of

the familiarity decisions that participants made.

There were signi®cant differences in the number of occupations recalled, F(2, 72) 5
86.45, and in the number of names recalled, F(2, 72) 5 42.62, in the three conditions. An

analysis by items also revealed a signi®cant main effect of condition on the number of

occupations recalled, F(2, 66) 5 81.69. Post hoc tests revealed that signi®cantly more

occupations and signi®cantly more names were recalled in the standard-face condition

than in the blurred-face and voice conditions, which did not differ signi®cantly from each

other. An analysis by items revealed no signi®cant difference in the number of occupa-

tions or names recalled in the voice and blurred-face conditions (F , 1).

An analysis also investigated the number of occupations recalled conditionalized on

®nding the face or voice familiar. This showed a signi®cant difference in the proportion of

occupations recalled in the three conditions by subjects, F(2, 72) 5 31.88, and by items,

F(2, 66) 5 54.05. Post hoc tests revealed that a signi®cantly higher proportion of occupa-

tions was recalled in the face condition than in the blurred-face and voice conditions.

There was no signi®cant difference in the number of occupations recalled conditionalized

on familiarity in the voice and blurred-face conditions.

Figure 1 shows the proportion of occupations recalled when a face or voice was

recognized at each of the three levels of familiarity. There was a signi®cant effect of

condition on the proportion of occupations recalled, F(2, 72) 5 9.98. Post hoc analyses

revealed signi®cantly higher performance in the normal-face condition than in the

TABLE 2
The mean number of decisions on familiar items made at

each level of familiarity in the face, blurred-face, and
voice conditions

Level of Familiarity

1 2 3

M SE M SE M SE

Face 2.60 0.53 5.32 0.91 21.84 1.64
Blurred Face 6.72 0.52 6.44 0.64 7.48 0.70
Voice 5.00 0.68 4.92 0.60 9.36 1.20
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blurred-face or voice conditions, which did not differ from each other. There was also a

signi®cant effect of level of familiarity, F(2, 144) 5 160.20. Post hoc analyses revealed that

signi®cantly more occupations were recalled following Level three than following Level

two familiarity responses, and signi®cantly more occupations recalled following Level two

than following Level one familiarity responses. The interaction between condition and

level of familiarity was not signi®cant, F(4, 144) 5 1.01.

Discussion

It is clear from Tables 1 and 2 that the manipulation of distorting faces by presenting

them out of focus has proved successful in reducing performance in the blurred-face

condition to a level similar to that observed in the voice condition, and well below that of

the standard-face condition. Crucially, the number of hits and the number of false posi-

tives are very similar in the blurred-face and voice conditions (see Table 1), and these two

groups are matched for both sensitivity (d9) and criterion (beta). There are also an

equivalent number of familiarity responses in the voice and blurred-face conditions at

all three levels of familiarity (Table 2).

The critical question now becomes the ability to recall occupations from faces and

voices found familiar. Hanley et al. (1998) found superior recall of occupations in the

standard-face condition than in the voice condition, and the present study has replicated

those ®ndings. Does it, however, remain easier to recall occupations from familiar faces

than from familiar voices when familiarity level is matched? The unequivocal answer to

this question is that it does not. It is just as dif®cult to recall an occupation from a blurred

face deemed familiar as it is to recall an occupation from a voice deemed familiar.

Furthermore, there was no difference between the proportion of occupations recalled

Figure 1. The proportion of occupations recalled as a function of level of familiarity in the face, blurred-face,

and voice conditions (standard error bars included).



FACES AND VOICES 01999A/7

in the voice and blurred-face conditions at any of the three levels of familiarity (see Figure

1). It therefore appears that the reason that it is relatively easy to recall occupations from

normally presented faces that are found familiar is the lower overall level of performance

in the voice condition than in the standard-face condition. When steps are taken to reduce

familiarity level in the face condition to a level equivalent to that in the voice condition,

then voices and faces appear to behave in exactly the same way.

It is striking that equating performance in the face and voice conditions by blurring the

faces led to a quite different outcome from the technique that Hanley et al. (1998) used to

equate performance in the face and voice conditions. Hanley et al. compared the highest

scoring subjects in the voice condition with the lowest performing subjects in the face

condition, and found poorer recall of occupations to voices found familiar than to faces

found familiar. We are unable to offer a de®nitive explanation for this discrepancy. It

seems possible, however, that the best performing subjects in the voice condition may in

fact have been the subjects who were the ``luckiest'' guessers when making familiarity

decisions. Although their hit rate and false alarm rate were similar to those of the subjects

in the voice condition, the pool of famous people that they found ``familiar'' may therefore

have contained a relatively large number of people recognized on the basis of relatively

weak levels of familiarity. Whether or not this account is correct, the contrasting results

show how misleading it can be to equate performance in two groups by post hoc subject

selection rather than by an experimental manipulation.

How easily can the results obtained in this experiment be explained in terms of the

models of person recognition put forward by Bruce and Young (1986) and Burton, Bruce,

& Johnston (1990)? According to Burton et al.'s interactive activation and competition

(IAC) model, familiar voices and faces have their own voice recognition units (VRUs) and

face recognition units (FRUs), but these units do not themselves signal familiarity. The

role of these units is to pass activation on to a modality-free person identity node (PIN),

which represents the point at which the face and voice recognition systems converge. It is

the level of activation at the PIN that determines whether or not a person is found

familiar. A similar view about the role of PINs can be found in Bredart, Valentine, Calder,

and Gassi (1995). Such an account is slightly different from that put forward previously

by Bruce and Young (1986). Bruce and Young argued that activation at the level of the

FRU indicated familiarity of a face, and activation of a VRU indicated that a voice was

familiar.

In terms of these models, one possibility is that the familiar-only responses that normal

subjects make under laboratory conditions arise because of a failure of the FRU or VRU to

fully activate the PIN. According to Bruce and Young (1986), this will directly reduce the

number of occupations that are recalled because in their model semantic information is

stored at the level of the PINs. In terms of Burton et al. (1990), a failure of the FRU or

VRU to fully activate the PIN could create a familiar-only response if there was enough

activation for the PIN to reach threshold and allow the person to be identi®ed as familiar,

but insuf®cient activation to permit recall of semantic information units (SIUs) from the

semantic pool.
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Attempted simulations of familiar-only responses

In an attempt to con®rm that the IAC model could indeed successfully simulate the

results obtained in the voice and blurred-face conditions, new computer simulations were

performed using the latest version of the IAC model (Burton, Bruce, & Hancock, 1999;

see pages 26±27 for technical details of the simulations). This is by far the most complex

and powerful version of the IAC model to date; it can recognize and retrieve semantic

information about the faces of 50 different people. The model does not include a pool of

VRUs. For the purposes of the simulation of performance in the voice condition, there-

fore, the FRUs in the model were taken to represent the VRUs. We refer to them

henceforth as VRUs.

In order to simulate familiar-only performance in the voice condition, all of the

associative links between VRUs and PINs were weakened. This was achieved by setting

them to 40% of the strength of the connection between the FRUs and the PINs in Burton

et al.'s (1999) model. An individual VRU was then activated (input level 5 1.0), and the

model was allowed to cycle until it stabilized (100 cycles were employed). This process

was repeated for all of the 50 people represented in the model. Table 3 shows the ®nal

resting level of activation at the VRUs, PINs, and SIUs for two people whose activation

levels are typical of the people represented in the model. Activation levels at the two most

strongly activated SIUs (SIU1 & SIU2) and the two most weakly activated SIUs in the

model (SIU3 & SIU4) are presented. The top line is a simulation of performance in the

standard-face condition, and shows the ®nal activation levels with FRU±PIN connection

strengths the same as those in Burton et al. (1999).

It can be seen that although activation levels at the VRUs are similar to activation levels

at the FRUs in the standard-face condition, activation at the PINs is lower in the voice

than in the face condition. Nevertheless, the PIN threshold set by Burton et al. (1999) of

450 is consistently exceeded, which means that both Person 1 and Person 2 would be

deemed familiar in the voice as well as in the face condition. The IAC model has never set

a threshold level for SIUs, and instead of establishing an arbitrary level here, we believe

TABLE 3
The ®nal activation levels of units in Burton et al.'s (1999) IAC model after 100

processing cycles in the standard face condition,a voice condition,b and
blurred-face conditionc

FRU/VRU PIN SIU1 SIU2 SIU3 SIU4

Person 1 Standard face 747 508 359 319 129 97
Voice 744 466 311 274 118 100
Blurred face 516 526 301 256 150 132

Person 2 Standard face 612 494 370 318 127 97
Voice 602 466 311 298 125 94
Blurred face 442 532 243 203 148 143

a Standard face condition 5 normal associative connections between units.
b Voice condition 5 weakened FRU±PIN connections.
c Blurred face condition 5 weakened PCA±FRU connections.
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that it is best to think of SIU activation levels as re¯ecting the probability that the

information contained in the unit can be recalled. As the activation levels at SIU1 and

SIU2 are lower in the voice condition despite threshold having been reached at the PINs,

we interpret this to represent a successful simulation of our ®nding that semantic infor-

mation is less likely to be recalled in the voice condition than in the face condition even

when the voice has been found familiar. Activation levels at SIU3 and SIU4 are similar in

the two conditions, but they are so low that the probability of recall of these units would

be minimal.

An attempt was also made to simulate performance in the blurred-faces condition. A

blurred face is likely to reduce the level of activation at the PIN not by a direct reduction

of the connections between the FRU and PIN, but because of reduced activation of the

FRU itself. Burton et al.'s (1999) new version of the IAC model includes an image-

processing input layer, which operates according to the principles of principal compo-

nents analysis (PCA). It is therefore possible to run a simulation in which the links

between the PCA input layer and the FRUs have been weakened. In this simulation,

the strength of these associative connections were reduced by 90%. The massive con-

nectivity (each FRU receives input from all 50 units in the input layer) in the latest

version of the IAC model means that there is automatically a great deal of redundancy

in the model, and it is necessary to weaken severely the associative connections within the

model in order to obtain a signi®cant decrement in performance.

The bottom line of Table 3 presents the results of a simulation of performance in the

blurred-face condition, which reveals that the FRU levels are much lower than in the

standard-face condition. As a consequence of this, even though the PINs reached thresh-

old in both conditions, the level of activation at SIU1 and SIU2 is much lower in the

blurred-face condition. This provides a convincing simulation of the ®nding that recall of

occupations in the blurred-face condition is more dif®cult than recall of occupations in

the standard-face condition even when the blurred face has been found familiar. As in the

previous simulation, the level of activation at SIU3 and SIU4 in both conditions is too low

to allow recall of these items. The results of this simulation also have potential implica-

tions for explaining familiar-only responses in the voices condition. One might reasonably

argue that the dif®culty in recalling the occupation of a familiar voice relative to a familiar

face is at least as likely to be the consequence of reduced activation of the VRU (relative to

the FRU) as it is to be caused by weaker links between the VRU and PIN (than between

the FRU and PIN). The results in Table 3 therefore demonstrate that the IAC model

could successfully simulate the observed data regardless of whether weakened associative

links between the VRU and the PIN or between the input layer and the VRU are the cause

of poor recall of occupations in the voice condition.

It is also important to point out that the present results are highly supportive of the

kind of cascade architecture that is found in interactive activation and competition models

of face processing (e.g., Bredart et al., 1995; Burton et al., 1990). Without the cascade

architecture, the only available account of familiar-only responses in Burton et al.'s model

would be that they arise as a consequence of a primary problem in activating SIUs from

the PINs. A problem at this level cannot possibly be the cause of the signi®cantly larger

number of familiarity-only responses in the blurred-face than in the normal-face con-

dition, however, because exactly the same faces were presented in the two conditions. Our
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®ndings and their simulation provide a clear example of a situation in which a processing

problem at one level in a stage model reduces but does not prevent the activation of units

at subsequent processing stages. The FRU-to-PIN weights and the PIN-to-SIU weights

were equally strong in the normal-face and blurred-face conditions, yet a manipulation

that directly reduced the level of activation at the FRU had knock-on effects in terms of

lower levels of activation of units in the semantic pool even when a threshold for famil-

iarity at the intervening level of the PIN had been reached.

Subjective ratings of familiarity

Hanley et al. (1998) also found that there were signi®cantly more familiar-only

responses in the voice condition even on trials where the familiarity rating of the voice

was reported as being very strong. These ®ndings were replicated in the present study.

Hanley et al. argued that the only way in which Burton et al.'s model could accommodate

this ®nding was if it were assumed that there is no direct relationship between the relative

levels of familiarity that subjects report in the face and voice conditions and the level of

activation at the PIN. Even when the feelings of familiarity in the voice condition were

reported to be very strong, it could then still be assumed that levels of activation of the

PIN were somewhat weaker than when a face was deemed ``very familiar''.

The results from the blurred-face condition provide strong support for this interpre-

tation. Participants shown blurred faces recalled fewer occupations of faces that they

deemed ``very familiar'' than did participants in the standard-face condition. Even though

the same faces were presented in the two conditions, ``very familiar'' in the standard-face

condition did not appear to mean the same thing to subjects as ``very familiar'' in the

blurred-face conditions. What subjects mean by ``very familiar'' therefore appears to be

different when overall levels of familiarity are much lower and the ability to distinguish

target faces from distractors is more dif®cult. Under these circumstances, the activation

level that the PIN must reach before the person is deemed to be ``very familiar'' might be

lower than it is when overall levels of recognition are signi®cantly higher.

However, one intriguing aspect of the simulation presented in the bottom line of Table

3 is that it suggests a more straightforward way in which the IAC model could accom-

modate the ®nding that semantic information can be inaccessible despite strong reported

feelings of familiarity. Even though the activation levels of the FRU and SIUs are much

lower when the PCA±FRU links have been weakened, the level of activation at the PIN is

similar in both conditions. Let us assume that the strength of the feeling of familiarity is

directly related to the extent to which the level of activation of the PIN exceeds threshold

(see Young & Burton, 1999, for a similar proposal when two above-threshold activation

levels are compared).1 If so, then it is clear that the condition where the PCA±FRU links

have been weakened could be associated with equally strong feelings of familiarity as those

in the standard condition despite the inaccessibility of all SIUs. Future experimentation

that examines familiarity ratings when the same subjects are asked to make recognition

1 It is important to point out that Young and Burton's (1999) proposal does not allow for subjects to discriminate

between two different below-threshold activations.
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decisions about both faces and voices may help to determine which of these two accounts

is more likely to be correct.2

GENERAL CONCLUSIONS

It remains true that under standard presentation procedures, there are many more

familiar-only responses to voices than to normally presented faces. However, Hanley

et al.'s (1998) suggestion that this ®nding comes about because it is much more dif®cult

to associate biographical information with voices than with faces receives no support

from the results of the experiment reported in this paper. When overall levels of

familiarity were equated, then occupations proved equally dif®cult to recall in the

face and voice conditions. Instead, the large number of familiar-only responses in the

voice condition seems to occur because activation levels or associative connections are

much weaker in the voice-processing system than in the face-processing system. The

effect of this is that there will be relatively more occasions where a voice will activate

the appropriate PIN suf®ciently strongly to achieve a feeling of familiarity without there

being suf®cient levels of activation in the system for semantic information to be

retrieved.

Seen in the context of the simulations and the empirical ®ndings of the present

study, Burton et al.'s (1999) IAC model provides an entirely satisfactory account of the

®nding that occupations are sometimes more dif®cult to recall from voices found

familiar than from faces found familiar. Furthermore, Burton et al.'s account of

familiar-only experiences is uniquely successful in accommodating neuropsychological

evidence from a patient who is unable to recall biographical information about people

she ®nds familiar (Burton, Young, Bruce, Johnston, & Ellis, 1991; De Haan, Young, &

Newcombe, 1991; Young & Burton, 1999). As a consequence, there is strong conver-

ging evidence to support Burton et al.'s claim that familiarity decisions are made at

the level of the modality-free PINs rather than at the level of the modality-speci®c

recognition units.

Finally, the present study has revealed that information about voices and faces is

retrieved in a very similar way when the presentation format of the faces ensures that

initial familiarity level is matched. The ®ndings reported here therefore join a growing

body of research (e.g., Ellis, Jones, & Mosdell, 1997; Schweinberger, Herholtz, &

Sommer, 1997) that demonstrates the existence of strong parallels between the ways in

which familiar faces and voices are processed.

2 It can also be seen from Table 3 that the activation levels of the PINs are strikingly high in the simulation of the

blurred-face condition and actually exceed the activation level in the standard-face condition. Why is this? In the

new model, as we pointed out in the text, the PCA and FRU units are fully connected; there is a negative or

positive link between all 50 PCA units and every FRU. As a consequence, there is a different pattern of activation

in the blurred-face condition from the pattern observed in the standard condition. In both cases, there is a clear

``winner'' in the FRUs, but the residual activation in the other FRUs is different in the two cases. This residual

activation also gets passed on to PINs, which means that activation of the PIN can rise as well as fall when the

PCA±FRU link is weakened.
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