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Abstract

Two experiments are reported which explore the internal feature advantage (IFA) in familiar face processing.  The IFA involves more efficient processing of internal features for familiar faces over unfamiliar ones.  Experiment 1 examined the possibility of a holistic basis for this effect through use of a matching task for familiar and unfamiliar faces presented both upright and upside-down.  Results revealed the predicted IFA for familiar faces when stimuli were upright, but this was removed when stimuli were inverted. Experiment 2 examined the degree of training required before the IFA was demonstrated.  Latency results revealed that whilst 90-180 seconds of exposure was sufficient to generate an IFA of intermediate magnitude, 180-270 seconds of exposure was required before the IFA was equivalent to that demonstrated for a familiar face.  Taken together, these results offer three conclusions: first, the IFA is reaffirmed as an objective indicator of familiarity; second, the IFA is seen to rest on holistic processing; and finally, the development of the IFA with familiarity indicates a development of holistic processing with familiarity.  As such, insight is gained as to the type of processing changes that occur as familiarity is gradually acquired.

Internal Feature Saliency as a Marker of Familiarity 

and Holistic Processing 


When viewing a face it is possible to tell very rapidly whether it is familiar or not. Indeed, a fundamental aspect of any social interaction is the ability to learn a new face so that subsequent recognition can occur quickly and accurately. Very recent research has attempted to track the transition that occurs as an unfamiliar face becomes familiar.  Specifically, research has focussed on the processing changes inherent in this shift (Bonner, Burton & Bruce, 2003; Clutterbuck & Johnston, 2004, 2005). The current paper addresses this issue further in an attempt to understand the theoretical and practical basis for the development of familiarity.

One problem that has long been associated with research into facial familiarity is how to measure familiarity. Early research measured it through self-report, either using a dichotomous classification (familiar/unfamiliar; eg., Bruce, 1986) or using a rating scale to give a more graded indication of familiarity (Young, McWeeny, Ellis & Hay, 1986).  The problem with both approaches, however, was that they relied on a subjective judgement of familiarity.  In light of this, an objective index of familiarity would be desirable.  

Recent work has examined the matching task (Bonner, Burton & Bruce, 2003; Clutterbuck & Johnston, 2002, 2004, 2005) as a possible index of familiarity.  This follows from work demonstrating that familiar and unfamiliar faces differ in the extent to which they rely on the internal features in a matching task.  Two slightly different demonstrations of this phenomenon exist.  First, Ellis, Shepherd and Davies (1979) demonstrated that when familiar, face identification is much better when internal features are used than when external features are used.  In contrast, when unfamiliar, face recognition is equivalent across internal and external features.  This is referred to here as the internal (over external) feature advantage (IFA) for familiar faces.  The second demonstration was provided by Young, Hay, McWeeny, Flude and Ellis (1985) who used a matching task and showed that whereas performance with external feature matches was equivalent across familiarity, internal features of familiar faces were matched faster than internal features of unfamiliar faces. This is referred to here as the ‘familiarity effect for internal features’. The difference between the two effects is that one represents internal saliency at a feature level (relative to external features) whilst the other represents internal saliency at a familiarity level (for familiar faces relative to unfamiliar ones).  Both, however, demonstrate an internal feature advantage (IFA) and have been examined somewhat interchangeably within the literature.

Clutterbuck and Johnston (2002) investigated the possibility that extent of IFA could reveal level of familiarity in a graded sense rather than an all-or-none sense. Participants completed a matching task for unfamiliar, moderately familiar, and highly familiar faces, where familiarity was determined through participant ratings. Results suggested that internal matches were made faster for highly familiar faces than the other two types of faces, and were made faster for moderately familiar faces than unfamiliar faces, suggesting that internal feature saliency was directly linked to level of self-reported familiarity. Extending this research, studies by Bonner et al. (2003) and Clutterbuck and Johnston (2004, 2005) have demonstrated that matching performance can also be used to track the development of familiarity as an initially unfamiliar face is gradually learned.  In these studies, familiarity was not subjectively rated, but was objectively manipulated through a training paradigm.  The fact that the magnitude of the IFA increased as familiarity was acquired gave reason to consider the IFA as a useful, objective way of indexing level of familiarity. 

What remains to be seen, however, is the nature of the processing change that accompanies the development of familiarity.  To be able to answer this question, the processes underlying the IFA specifically can be examined.  One possibility is that the development of familiarity, and the demonstration of the IFA, rest on the involvement of holistic processing.  Two lines of evidence converge to support this possibility.  First, several studies indicate that internal facial features may contain more holistic information than external features (Hosie, Ellis & Haig, 1988; Moscovitch & Moscovitch, 2000; Phillips, 1979; see also Campbell et al., 1999).  As such, internal feature saliency for familiar faces may be indicative of holistic saliency for familiar faces.  Second, the IFA is observed most readily on ‘different’ trials within a matching paradigm, and can often fail to reach significance on ‘same’ trials.  Indeed, Young et al.’s (1985) original results were moderated by decision type, with the effects being more pronounced for ‘different’ decisions than ‘same’ decisions. Similarly, Bonner et al.’s (2003) results were moderated by decision type such that when participants learnt a series of static faces, IFA effects were found only for ‘different’ decisions, but when moving faces were used, IFA effects were found for both decision types. 

Consideration of decision type is important inasmuch as it can indicate the type of processing underlying the IFA itself.  For instance, on the basis of faster and less error-prone performance, Nachson, Moscovitch and Umilta (1995) suggest that participants might engage in initial holistic processing of the pairs of faces within a ‘different’ matching trial.  This may be sufficient to decide that the images are ‘not the same’ thus enabling a ‘different’ decision to be made. However, if this holistic comparison suggests that there are no readily discernable differences between the two faces, then a more time-consuming feature-by-feature comparison must be carried out. It is only after this that participants are able to confidently respond ‘same’ on ‘same’ trials. Thus, whilst ‘different’ decisions may be achieved on the basis of holistic processing, ‘same’ decisions seem to demand additional featural processing. The fact that the IFA is most readily observed on different (holistic) trials might therefore be taken in support of the supposition that the IFA depends on holistic processing.  Experiment 1 explicitly examines this possibility.  

Young et al.’s (1985) original internal/external feature matching paradigm was used.  Here, however, performance was assessed for inverted stimuli as well as upright ones. With inversion disrupting the processing of holistic information (Bartlett & Searcy, 1993; Freire, Lee & Symons, 2000; Leder & Bruce, 1998; Searcy & Bartlett, 1996), it is expected that the usual pattern of results will be obtained when stimuli are upright, but the IFA for familiar faces will be removed when stimuli are inverted.  

Experiment 1

Method

Design

A 4-way mixed design was used. The within-subjects variables were Orientation (upright, inverted), Part (internal, external) and Decision (same, different). The between-subjects variable was Familiarity (unfamiliar, familiar). The dependent variable was Accuracy of correct response on a simultaneous matching task.
Participants

Sixty four participants took part in the study. Half of the participants were randomly allocated to the ‘Familiar’ condition (29 female, 3 male; mean age = 28 years, SD = 9.70).  The remaining participants were allocated to the ‘Unfamiliar’ condition (21 female, 11 male; mean age = 30 years, SD = 6.70).  All participants had normal or corrected-to-normal vision.

Materials

The whole faces of seventy two males (36 famous, 36 unfamiliar) were used in the study. The unfamiliar faces were taken from the Computer Vision Laboratory Face Database, University of Ljublijana, Slovenia (Solina, Peer, Batagelj, Juvan & Kovac, 2003). The famous faces were obtained from internet websites and depicted current celebrities from a range of professions, such as acting, singing and politics. 
For each face, a frontal and three-quarter-right view image was obtained. Corel Photopaint was used to remove background information and scale the images according to interocular distance (18 pixels).  The three-quarter-right faces were manipulated to be equal in size (head to chin) to the frontal view.  Finally, all faces had neutral expressions, and were depicted via greyscale images. 
During the test phase, the matching task involved viewing a pair of faces presented simultaneously, one of which was intact, and one of which was a part face (see Figure 1).

(Please insert Figure 1 about here)

The intact face was always shown in a frontal pose whereas the part face was always shown in a three-quarter-right pose to prevent simple picture-matching. The part face displayed either the internal facial features (an oval containing the eyes, nose and mouth) or the external facial features (the remaining features – hair and ears). ‘Same’ trials were constructed by pairing each whole face with its corresponding internal or external image. ‘Different’ trials were constructed by pairing each whole face with a similar-looking internal or external feature distractor. These distractors were taken from unfamiliar faces that were not seen elsewhere in the study. An inverted version of each face pair was created by flipping the upright pair vertically, using Corel PhotoPaint. 

Following Clutterbuck and Johnston’s (2005) methodology, five independent raters judged each of the upright face pairs on a scale of 1 – 7 for similarity (1 = very dissimilar, 7 = very similar). Wilcoxon tests revealed that there was no difference between the similarity of the familiar and unfamiliar face pairs for ‘internal-same’ pairings (z = 1.75, p > 0.05), ‘external-same’ pairings (z = 1.21, p > 0.05), ‘internal-different’ pairings (z = 1.48, p > 0.05) or ‘external-different’ pairings (z = 0.14, p > 0.05). This ensured that any differences observed in the matching task would be the result of familiarity, rather than difficulty of the task.

Stimulus presentation and data collection were managed through Superlab 2.1 running on an IBM Pentium 4 PC.  Screen resolution was 1024 x 768 pixels, generating a facial image size of approximately 5 x 8 cm.

Procedure

The experiment consisted of two blocks of 72 trials, separated by a self-paced break. One block presented upright pairs; the other block presented inverted pairs, and the order of blocks was counterbalanced across participants.  Within each block, trials consisted of the simultaneous presentation of a pair of faces.  Participants indicated whether the images depicted the same person or two different people by pressing one of two labelled keys. They were instructed to make their decision as quickly but as accurately as possible. Half of the trials in each block required a match between the whole face and the internal features only, while the remainder required a match between the whole face and the external features only.  Within each set, half of the trials showed ‘same’ pairs, and half showed ‘different’ pairs. Care was taken to use different target faces in the upright and inverted blocks of trials.  Consequently, four decisions were made to each of 18 target faces when upright, and to each of a further 18 target faces when inverted.  A short practice phase preceded the main experiment and provided exposure to all trial types using a separate set of practise stimuli.


At the end of the experiment, participants in the famous face condition completed a familiarity verification task. They were shown a photograph of each famous face and were asked to provide a name or unique piece of semantic information about the person, in addition to rating each face on a scale of 1-7 for familiarity (1=highly unfamiliar, 7=highly familiar). Familiarity was assumed if a participant could provide a name or a specific piece of semantic information about the face.

Results

Any celebrity not recognised by a participant in the familiar face condition was removed from the analysis on a case-by-case basis. Accuracy was used as the dependent variable1 and is summarised in Table 1 below.

(Please insert Table 1 about here)

A 4-way mixed ANOVA was conducted on accuracy of correct response, with Orientation, Part, and Decision as within-subjects factors and Familiarity as a between-subjects factor. This revealed main effects of Orientation (F (1, 62) = 235.48, p < .001), Part (F (1, 62) = 37.56, p < .001), Decision (F (1, 62) = 6.22, p < .025) and Familiarity (F (1, 62) = 6.14, p < .025). Furthermore, these effects were qualified by several two- and three-way interactions, and a four-way interaction between all factors (F (1, 62) = 7.29, p < .01).  In order to explore this interaction, two 3-way ANOVAs were carried out on upright and inverted scores separately, with Part, Decision and Familiarity as factors. 

Upright matches.  The analysis revealed a main effect of Part (F (1, 62) = 81.48, p < .001), moderated by a 3-way interaction between Part, Decision and Familiarity (F (1, 62) = 14.64, p < .001). When this was broken down by Decision type, a Familiarity x Part interaction emerged, but only reached significance for ‘same’ trials (F (1, 62) = 46.65, p < .0001).  For these trials, accuracy was higher for familiar faces than for unfamiliar faces when making internal matches (t (62) = 4.14, p < .01), but higher for unfamiliar faces than for familiar faces when making external matches (t (62) = 4.81, p < .01). These results confirmed expectations.

Although the Familiarity x Part interaction did not reach significance for the ‘different’ trials (F (1, 62) = 2.39, p > .05), planned comparisons of the a-priori predictions based on previous research revealed a similar pattern as above:  Accuracy was higher for familiar faces than unfamiliar faces when matching internal features (t (62) = 2.67, p < .01). Thus, the usual Familiarity advantage for internal features was obtained.  However, there was no effect of Familiarity when matching external features (t (62) = 0.69, ns). As such, the unexpected interaction of familiarity and part within decision type mentioned above was not due to a change in the IFA for familiar faces across trials, but was due to the removal of the EFA (external feature advantage) for unfamiliar faces in ‘different’ trials relative to ‘same’ trials.
Inverted matches.  Analysis of the inverted matches revealed a main effect of Decision (F (1, 62) = 16.45, p < .001). This effect was moderated by three interactions. First, a Decision x Familiarity interaction (F (1, 62) = 40.40, p < .0001) revealed that unfamiliar matches were more accurate when making a ‘same’ decision (t(62) = 10.14, p < .0001), whereas famous matches were more accurate when making a ‘different’ decision (t(62) = 2.05, p < .05). Second, a Decision x Part interaction (F (1, 62) = 3.98, p < .05) revealed that the effect of decision (same-different) was greater for external than internal matches (t(63) = 2.00, p < .05).  Finally, an interaction between Part and Familiarity (F (1, 62) = 7.74, p < .01) revealed that accuracy was higher for unfamiliar faces than famous faces when matching inverted external features (t (62) = 5.78, p <.001). Critically, however, there was no effect of Familiarity when matching inverted internal features (t (62) = 1.61, p > .05). Thus inversion removed the familiarity advantage for internal features.  Moreover, the fact that this Part x Familiarity interaction was not moderated by decision type indicated that the IFA was removed by inversion for both ‘same’ and ‘different’ trials alike.
Discussion


The results followed the predicted pattern of findings. When upright, the study replicated previous research (Young et al., 1985) demonstrating that familiarity with a face leads to an increased reliance on the internal features.  Somewhat surprisingly, this effect was apparent both for ‘same’ trials and ‘different’ trials within the current experiment and reasons for this will be explored in the General Discussion.  Importantly, however, when the face pairs were presented upside-down – and hence when holistic processing was prevented – this effect was removed in both trial types.  It therefore seems correct to assume that holistic processing underlies the IFA for familiar faces. Thus, whilst recent research has demonstrated the usefulness of the IFA as an indirect marker of facial familiarity (Bonner et al., 2003; Clutterbuck & Johnston, 2004, 2005), the current results suggest that the IFA can also be used as a marker of holistic processing. As a face becomes familiar, greater use of holistic information becomes possible and greater saliency of internal over external features emerges.

Several factors may account for the finding that repeated experience with a particular face leads to a greater reliance on internal facial features. First, internal facial features are more stable over time than external ones, which may change with age and fashion (Young et al., 1985). In this sense, internal features are more reliable cues to identity and can therefore be encoded with less noise than external features. Second, internal facial features are particularly important for conveying emotional and expressive information, and are therefore attended to more during social interaction than external features (Ellis et al., 1979). Both factors provide a viable explanation for why experience with the visual world might lead to a greater reliance on internal features per se (see Stacey, Walker & Underwood, 2005 for discussion of eye-movement data).  Moreover, internal feature saliency is especially observed when the face is familiar and a comparison of stimuli is required, as in a matching task (Stacey et al., 2005, Experiment 3).
A timely question raised by the current results regards the development of holistic processing as a face is learned. The relationship between familiarity and holistic processing, as indexed by the IFA, provides a new way of examining this question inasmuch as it provides a way of implicitly tracking the development of both of these factors.  With this in mind, Experiment 2 sought to examine the amount and the type of exposure required for an unfamiliar face to become familiar, as indexed by performance on the matching task. 

Experiment 2


A number of studies have demonstrated that the IFA can be utilised when tracking the development of face familiarity. Bonner et al. (2003) trained participants with 24 faces across three days. Half the faces were learned from moving images and half from static images, in order to assess the role of movement when learning faces. The shift from unfamiliar to familiar was tracked across experimental sessions by performance on the internal/external matching task, relative to a set of twelve unfamiliar faces that were replaced each day. Whereas performance with the unfamiliar faces remained relatively static, performance with the learnt faces improved over time. Importantly, performance with the internal features of the learnt faces improved to a greater extent than performance with the external features. This effect was qualified by trial type. Specifically, both moving and static faces showed an internal feature improvement on ‘different’ trials, but only the moving faces showed an internal feature improvement on ‘same’ trials. 

Whilst providing much needed research into a relatively unexplored area, a weakness with Bonner et al.’s (2003) study is the lack of a control group of previously familiar faces.  In order to fully understand how an unfamiliar face becomes familiar, comparison is required with faces that are already familiar, as well as with faces that are unfamiliar. A recent study by Clutterbuck and Johnston (2004) addressed this issue. Participants were familiarised with a series of faces over a two-day period. On day 2, participants completed a matching task for the learnt faces, a set of unfamiliar faces, and a set of famous faces. Internal matches were made faster for famous faces compared to learnt and unfamiliar faces. In addition, both internal and external matches were made faster for learnt faces compared to the unfamiliar ones. Thus, both the familiar and learnt faces showed the IFA demonstrated by Young et al. (1985) relative to the unfamiliar faces, although familiar faces demonstrated the effect to a greater degree. Consequently, two days of training with the learnt faces resulted in a pattern of performance part-way between that of the unfamiliar and famous faces (see also Clutterbuck & Johnston, 2005, for a similar result).

Whilst encouraging, these data still leave unanswered the question of how much training is required before a learnt face reaches a level of processing that is equivalent to an already known face.  Additionally, Clutterbuck and Johnston’s (2004) design examined performance after 2 days of training rather than at intervals within the two-day training period, and as such, there was no potential to track development of familiarity as it emerged.  These two factors motivated Experiment 2.

As in Bonner et al.’s (2003) study, participants here received 270 seconds of exposure to a series of faces across three days (90 seconds each day), and familiarity was examined after each daily learning session through an internal/external feature matching task. The repeated testing design enabled tracking of any change in familiarity through emergence of the IFA.  Additionally, the extensive training relative to previous studies (60 seconds - Clutterbuck & Johnston, 2004; or 20 seconds - Clutterbuck & Johnston, 2005) provided sufficient opportunity for performance with a learnt face to become equivalent to that with a highly familiar face.  Finally, quality of training was manipulated by training participants with either one frontal view of each face, or three different views of each face. 

Performance on the matching task with the learnt faces was compared to performance with both unfamiliar faces and famous faces, to allow the transition from unfamiliar to familiar to be mapped relative to both ends of the familiarity continuum.  It was expected that the familiar faces would show an IFA. That is, performance with internal matches should be better for familiar faces than for unfamiliar ones (Young et al., 1985).  More critically, it was predicted that performance with the internal features would initially be similar across learnt and unfamiliar faces and would not show an IFA, but that the extent of IFA for learnt faces would begin to converge with that of the famous faces after at least one day of training and would be equivalent to the IFA for famous faces by the end of the study.

Method

Design 

A 6-way mixed design was used. The within-subjects variables were Testing Time (day 1 - 3), Familiarity (unfamiliar, familiar), Novelty (novel, same), Part of face (internal, external), and Decision Type (same, different). Here, Novelty refers to whether the face is seen just once (‘novel’ - representing the unchanging baseline for the familiar and unfamiliar stimulus categories), or is repeated over the testing sessions (‘same’ - to facilitate learning).  The between-subjects factor was Viewpoint (single, multiple). The dependent variables were Speed and Accuracy of ‘same’ and ‘different’ responses on a simultaneous matching task.

Participants 

Thirty six participants took part in the research (7 male, 29 female; mean age = 22 years, SD = 7.12). All had normal or corrected-to-normal vision, and none had participated in Experiment 1. Half the participants were allocated to the ‘single viewpoint’ condition, and half to the ‘multiple viewpoint’ condition.  

Materials 

The upright face pairs constructed for Experiment 1 were used here. In addition, two further images of the unfamiliar faces were obtained, a profile view and a three-quarter-left view. These images were used for the ‘multiple viewpoint’ training condition.  At test, ‘same’ and ‘different’ test pairs of images were constructed, identical to those used in Experiment 1.  As before, these showed whole images paired with internal or external part images.  In all trials, the whole face was shown from a frontal view whilst the part face was shown from a three-quarter-right viewpoint which had not been seen previously.  Hence, no participants could bring prior experience or transfer-appropriate-processing to the test situation.  
The programme was written and run in Superlab 2.1 on an IBM Pentium 4 PC Screen resolution was set to 1024 x 768 pixels, and each face appeared as a 5 x 8 cm image within this environment.

Procedure 

The experiment consisted of a study-test procedure repeated once on each of three consecutive days. During each daily study session, participants viewed the same six unfamiliar faces.  Each face was shown eighteen times each day, for five seconds. Thus, participants received a total of 90 seconds of exposure to each face per day, and a total of 270 seconds of exposure over the course of the experiment.  

This study phase was presented to participants as an examination of how personality ratings from a face changed with developing familiarity.  In reality, however, the purpose of these study sessions was to enable familiarisation to a set of initially unfamiliar faces such that they gradually became familiar over the course of the experiment.  This was achieved through presentation of each face for a fixed exposure duration prior to it being rated for one of nine characteristics (distinctiveness, attractiveness, confidence, honesty, approachability, friendliness, age, intelligence and familiarity). Ratings were made on a scale of 1-5, with 1 being very low and 5 being very high in the respective quality. The order of ratings was blocked so that each of the six faces was rated for one of the characteristics in turn, and exposures continued until each face had been rated twice on each of the nine characteristics. 

The ‘single viewpoint’ study group saw the faces under a single (frontal) view for all 18 exposures. The ‘multiple viewpoint’ study group saw each face 6 times under each of three different views (frontal, profile-left, and three-quarter-left). Thus, for these participants, 18 exposures were again provided but these showed the face 6 times from 3 viewpoints rather than 18 times from just one viewpoint.  Care was taken to ensure that the two judgements on each personality dimension were made to different viewpoints in this latter condition.  The precise combination of viewpoints was unimportant, but variation of this detail served to render the study task plausible for the participant. 

Following each daily study phase, participants completed a daily test phase.  As in Experiment 1, this involved completion of a matching task to a pair of images presented simultaneously.  The participant’s task was to decide whether the two images depicted the ‘same person’ or two ‘different people’.  Participants indicated their decision via a key press, and were instructed to make this decision as quickly but as accurately as possible.  

Trials included the six learnt faces (unfamiliar_same) viewed in the study phase as well as (i) six unfamiliar faces that were replaced each day (‘unfamiliar_new’), (ii) six famous faces which were seen each day (‘familiar_same) and (iii) six famous faces which were replaced each day (‘familiar_new).  Thus, 96 trials were presented comprising 4 trials (same-internal, same-external, different-internal, different-external) for each of the 24 faces above. 

Participants were reminded of their task by means of a short practice phase with separate stimuli and all 4 trial types prior to each test-phase on each day. Each of the three daily sessions took the same format, and care was taken to rotate the familiar and unfamiliar faces through all conditions across participants to ensure no item effects.  Each daily session lasted approximately 30 minutes. Following the final session, participants completed a familiarity verification task, to ensure that the famous faces were known. 

Results

Any famous face that was not familiar to a participant was removed from the analysis. One participant was removed from the entire ‘multiple view’ analysis as he failed to recognise over half of the famous faces.  Three further participants were removed from the analysis of response time due to missing RT data resulting from zero accuracy in some cells of the design.  Following previous research (e.g., Bonner et al., 2003), and to reduce the potential for spurious effects through the complexity of the design, ‘same’ and ‘different’ responses were analysed separately, using Response Time and Accuracy as dependent variables. 

Analysis of ‘different’ trials

Median response times.  A 5-way mixed ANOVA was performed on the median Response Times (see Figure 2), using Time (3), Familiarity (2), Novelty (2) and Part (2) as within subjects variables, and Training View (2) as the between subjects variable.  This revealed main effects of Time (F (2, 60) = 36.71, p < .001), Familiarity (F (1, 30) = 24.82, p < .001) and Novelty (F (1, 30) = 27.93, p < .001).  Crucially, these effects were qualified by a four-way interaction between Time, Familiarity, Novelty and Part (F (2, 60) = 4.07, p < .025). This interaction was broken down into three Familiarity x Novelty x Part ANOVAs, one for each Time of testing. 

(Please insert Figure 2 about here)

Day 1.  Main effects of Familiarity (F (1, 31) = 20.00, p < .001) and Novelty (F (1, 31) = 10.73, p < .01) revealed that participants matched famous faces faster than unfamiliar ones, and same (repeatedly shown) faces faster than new ones. A two-way interaction between Familiarity and Part (F (1, 31) = 7.37, p < .01) confirmed that participants matched the internal features of the famous faces faster than the internal features of the unfamiliar faces (t (31) = 5.33, p < .001) and that this Familiarity effect was stronger for internal than external features (t (31) = 2.71, p < .01). However, the lack of a significant 3-way interaction of Familiarity and Part with Novelty indicated that by Day 1, no evidence existed to suggest an IFA for the learnt faces over the unfamiliar ones. 

Day 2.  Analysis of performance on Day 2 revealed main effects of Familiarity (F(1, 31) = 19.95, p < .0001) and Novelty (F(1, 31) = 19.73, p < .0001).  In addition, a three-way interaction existed between Familiarity, Novelty and Part (F (1, 31) = 5.78, p < .025).  This revealed that Face Part had an effect on internal matches, but not external matches. Specifically, when matching was based on internal features, familiar_new faces were matched faster than unfamiliar_new faces (t (31) = 3.46, p < .01), whereas familiar_new and familiar_same faces were equivalent (t (31) = 1.85, ns). Critically, learnt faces were matched faster than unfamiliar faces (t (31) = 3.96, p < .001), but slower than familiar_same faces (t (31) = 2.58, p < .025). Thus, performance with the learnt faces was part-way between that with the unfamiliar and famous faces. The fact that there was no difference between the familiar_same and familiar_new faces confirmed that effects were unlikely to be attributable to mere practice.

Day 3.  Analysis of performance on Day 3 again revealed main effects of Familiarity (F(1, 31) = 11.63, p < .0025) and Novelty (F(1, 31) = 17.61, p < .0001), and a significant three-way interaction between Familiarity, Novelty and Part (F(1, 31) = 12.77, p < .001). As on Day 2, Face Part had an effect on internal matches, but not external matches.  Post-hoc contrasts confirmed that internal features of familiar_new faces were matched faster than unfamiliar_new faces (t (31) = 3.57, p < .001), whereas performance with the familiar_new and familiar_same faces was equivalent (t (31) < 1, ns). Similarly, the internal features of learnt faces were matched faster than the internal features of unfamiliar_new faces (t (31) = 3.34, p < .0025). However, in contrast to Day 2, there was no difference between the learnt and familiar_same faces (t (31) = 1.48, ns). Thus, extent of the IFA for learnt faces had reached the same level as that with the famous faces. 

Accuracy. Analysis by means of a 5-way mixed ANOVA on accuracy of performance (see Figure 3) revealed large main effects of Familiarity (F (1, 33) = 102.57, p < .001), Novelty (F (1, 33) = 29.04, p < .001) and Part (F (1, 33) = 12.65, p < .01).  These were qualified by a three-way Familiarity x Novelty x Part interaction (F (1, 33) = 6.01, p < .025). This interaction was broken down into two Familiarity x Novelty ANOVAs, one for internal matches and one for external matches.

(Please insert Figure 3 around here)

Internal matches.  Analysis of performance with internal features revealed main effects of Familiarity (F (1, 34) = 68.99, p < .001) and Novelty (F (1, 34) = 45.76, p < .001), qualified by a Familiarity x Novelty interaction (F (1, 34) = 49.77, p < .001). Analysis of the simple main effects revealed that, as expected, accuracy for familiar_same and familiar_new internal matches was equivalent (t (34) < 1, ns), whilst internal matches for familiar_new faces were more accurate than those for unfamiliar_new faces (t (34) = 10.73, p < .001). Furthermore, internal matches were more accurate for learnt faces than for unfamiliar ones (t (34) = 7.90, p < .001), whereas there was no difference between the learnt and familiar_same faces (t (34) = 1.67, ns). This latter finding was surprising, and suggested that just one day of training with the learnt faces was sufficient to induce IFA performance on a par with the famous faces.  This is in contrast to the three days suggested by the response time data. In this regard, response time appears to be a much more sensitive measure in tracking the development of familiarity than accuracy.

External matches.  Analysis of external feature matches revealed main effects of Familiarity (F (1, 34) = 13.08, p < .01) and Novelty (F (1, 34) = 6.26, p < .05), qualified by an interaction (F (1, 34) = 5.29, p < .05). Examination of this interaction revealed that performance was equivalent across familiar_same and familiar_new matches (t (34) < 1, ns), and between familiar_same and learnt matches (t (34) < 1, ns).  However, somewhat curiously, external matches were more accurate for learnt than unfamiliar_new faces (t (34) = 3.15, p < .005), and for familiar_new than unfamiliar_new matches (t (34) = 4.28, p < .0001).  These latter effects indicated that external features may not be as important as previously considered when processing unfamiliar faces.  However, it is noted that there was some variability in this effect across days, indicating the possibility that participants took some time to tune in to the task, especially when faces were difficult (unfamiliar) and when face parts were taxing (external).
Analysis of ‘Same’ Decisions


Median response times. As above, a 5-way mixed ANOVA on the median response times (see Figure 4) was performed, using Time (3), Familiarity (2), Novelty (2) and Face Part (2) as within subjects variables, and Training View (2) as the between subjects variable.  This revealed main effects of Time (F (2, 60) = 26.28, p < .001), Familiarity (F (1, 30) = 10.67, p < .01), Novelty (F (1, 30) = 13.77, p < .001) and Part (F (1, 30) = 5.46, p < .05). These effects were qualified by interactions between Novelty and View (F (1, 30) = 5.37, p < .05), Novelty and Time (F (2, 60) = 5.66, p < .01), and Familiarity and Part (F (1, 30) = 20.31, p < .001), and a three-way interaction between Familiarity, Novelty and View (F(1, 30) = 4.25, p < .05). 

(Please insert Figure 4 about here)

In sum, seeing the same face each day aided performance, when viewing unfamiliar faces but only for those participants in the multiple view group (t(13) = 4.05, p < .001). Furthermore, participants became faster over time, particularly for those faces that were seen each day (t(31) = 3.38, p < .0025).  Finally, participants were faster at matching familiar faces, but only when matches were based on internal features (t(31) = 4.96, p < .001).  Thus, the usual IFA for familiar faces was demonstrated, but there was no indication of an IFA for learnt faces in these ‘same’ trials.

Accuracy. A similar pattern of results was revealed by the accuracy data (see Figure 5). Main effects of Familiarity (F (1, 33) = 22.37, p < .001), Novelty (F (1, 33) = 11.54, p < .01) and Part (F (1, 33) = 69.68, p < .001) were qualified by interactions between Time and Novelty (F (2, 66) = 6.85, p < .05) and Familiarity and Part (F (1, 33) = 100.18, p < .001). 

(Please insert Figure 5 about here)

Examination of these interactions revealed that participants became better over time with those face seen each day (t(34) = 3.09, p < .005), and were better at matching familiar faces, but only when matching internal features (t(34) = 4.80, p < .001)). In fact, when matching external features, a ‘reverse familiarity’ effect was found – external matches were better for unfamiliar faces than for familiar faces (t(34) = 8.57, p < .001).  Thus, again, the usual IFA for familiar faces was revealed, but there was no indication that this was present for learnt faces.

Discussion

Several important points emerged from Experiment 2. First, familiarisation with the learnt faces led to a significant shift in internal feature matching, away from performance with a comparison set of unfamiliar faces. Second, performance with the learnt faces developed to such an extent that participants were performing on a par with a comparison set of highly familiar, famous faces. Third, this shift was gradual, and developed across the three days of training. Fourth, these effects of training were only evident for ‘different’ trials. Each of these points will be addressed in turn.

A number of studies have shown that learning a face leads to a shift in internal feature saliency, relative to a set of unfamiliar faces (Bonner et al., 2003; Clutterbuck & Johnston, 2004, 2005). The current study replicates this previous work, suggesting that less than 3 minutes (but more than 1.5 minutes) of exposure is sufficient to induce a significant difference between learnt and unfamiliar faces, as indexed by the IFA. The current study, however, extends previous research by demonstrating that it is possible to train participants with a previously unfamiliar face to such an extent that performance becomes equivalent to that with a highly familiar celebrity face. Between 3 and 4.5 minutes of exposure is required for this to be demonstrated. These results provide further support for the suggestion that, rather than familiarity being an ‘all-or-none’ dichotomous variable, it lies along a continuum and develops with repeated experience (Clutterbuck & Johnston, 2002).

These results were, however, qualified by trial type. An effect of learning was found for ‘different’ decisions only. Indeed, when ‘same’ decisions were analysed, learnt and unfamiliar faces were still found to be performing in a similar manner, even after three days of training. Furthermore, both sets of faces were performing in a significantly different manner to the famous faces. In some senses, this finding is unsurprising when the previous literature is examined, and certainly, the effect of trial type can be understood given Nachson et al.’s (1995) discussion of the processing demands across ‘same’ and ‘different’ decisions.  In this light, given the demonstration from Experiment 1 that the IFA relies on holistic processing, and the suggestion that ‘different’ decisions recruit holistic processing, it is unsurprising that a shift in internal feature saliency is observed most readily for this decision type in Experiment 2.

Given this discussion, the question arises as to why an IFA should emerge for familiar faces on ‘same’ trials within both experiments reported here.  In this regard, it is valuable to draw upon Tong and Nakayama’s (1999) notion of robust representations. Tong and Nakayama distinguish ‘robustness’ from ‘familiarity’, by describing robustness as ‘a concept that the term familiarity fails to describe. Whereas familiarity connotes some degree of recognition and perceptual fluency that can be rapidly acquired for upright faces….robust representations are formed for highly overlearned faces that are encountered under a variety of stimulus conditions and contexts and may mediate optimal visual processing’ (p.1016). 

According to this definition, we may speculate that the representations developed here for ‘learned’ faces may be considered ‘familiar’ (the result of fifty four exposures) whereas the representations that participants brought to the experimental context when viewing celebrity faces may be considered ‘robust’ (the result of many hundreds of exposures, under many different views). Perhaps then, this robust representation enables even ‘same’ decisions to be made holistically. Such speculation would explain why an IFA was found for both ‘same’ and ‘different’ decisions when matching celebrity faces in Experiments 1 and 2. It could also account for why Bonner et al. (2003) found an IFA for ‘different’ trials when matching faces learned from static images and an IFA for both ‘same’ and ‘different’ trials when matching faces learned from moving images where the potential for generation of a more robust representation existed.  In light of this, it is perhaps surprising that learning faces from multiple rather than single views in Experiment 2 had no effect on the development of the IFA.  This may be an issue of magnitude, and future research could enhance study conditions further to determine the training conditions required to develop robustness rather than just familiarity.
Conclusions

Our objectives within this paper were threefold.  First, we wanted to reaffirm the IFA as an objective indicator of familiarity.  Second we wanted to determine the processes underlying the IFA, and so determine the changes that accompany the development of familiarity.  Third, we wanted to determine the degree of exposure required before familiarity could be said to have been acquired.  Experiment 1 addressed the first two issues and provided a categorical demonstration that the IFA was evident for familiar faces but not unfamiliar ones, and rested on holistic processing.  Indeed, the IFA was observed for familiar faces when stimuli were upright, but was removed when stimuli were inverted.  Experiment 2 addressed the last issue, and provided demonstration of the degree of training required before processing of a previously unfamiliar face approximated that of a well-known face.  Surprisingly, only 3-4 minutes of exposure was needed before processing of a previously unfamiliar face mirrored that of a celebrity face.  Finally, both experiments taken together led to the speculation that robustness as well as familiarity might possibly be signalled through the IFA.  Whilst this latter possibility remains to be tested, the results generated across these two experiments have indicated that the IFA can be seen as more than just an index of familiarity.  It is offered as an index of holistic processing as well, and can be used not only to determine objective levels of familiarity but also to track the development of familiarity in an observable and theoretically rich way.
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Figure 1. 

Example test stimuli, showing upright same and different decisions for an unfamiliar face.
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Figure 2:

Response Speed of matching decisions (and standard error) for DIFFERENT decisions to (i) external features, and (ii) internal features across training conditions.
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MULTIPLE VIEW TRAINING

(i) external feature matching



(ii) internal feature matching
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Figure 3:

Percentage accuracy of matching decisions (and standard error) for DIFFERENT decisions to (i) external features, and (ii) internal features across training conditions.
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MULTIPLE VIEW TRAINING

(i) external feature matching



(ii) internal feature matching
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Figure 4:

Response Speed of matching decisions (and standard error) for SAME decisions to (i) external features, and (ii) internal features across training conditions.
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MULTIPLE VIEW TRAINING

(i) external feature matching
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Figure 5:

Percentage accuracy of matching decisions (and standard error) for SAME decisions to (i) external features, and (ii) internal features across training conditions.
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MULTIPLE VIEW TRAINING
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Table 1
Percentage Accuracy (and standard deviation) of responses for upright and inverted, famous and unfamiliar, face matches.

	
	Internal
	External

	
	Same
	Different
	Same
	Different

	UPRIGHT 

Famous
	93.95 (7.26)
	91.52 (7.75)
	70.34 (14.05)
	81.83 (13.37)

	Unfamiliar
	84.38 (10.88)
	84.38 (13.04)
	85.76 (11.46)
	79.34 (15.54)

	INVERTED
	
	
	
	

	Famous
	62.92 (16.09)
	71.76 (19.13)
	59.89 (16.03)
	63.20 (19.60)

	Unfamiliar
	83.68 (10.74)
	60.07 (17.42)
	89.76 (9.48)
	58.33 (16.93)


Footnote 1
Analysis of Response speed was not included in Experiment 1 given the high variance in accuracy levels that often accompanies designs where orientation of stimuli is manipulated.
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