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Abstract

When a witness views a crime, they are often asked to construct a facial likeness, or
composite of the suspect. These composites are then used to stimulate recognition

from someonewho is familiar with the suspect.Facial compositesare commonly used
in large scale cases e.g. Jill Dando, Yorkshire Ripper, however a great deal of
researchhas indicated that facial compositesperform poorly and often do not portray
an accurate likeness of the suspect. This thesis therefore examined methods of
improving facial composites. In particular, it examined methods of increasing the
likenessportrayedin composites,both during construction and at test.

Experiments 1 to 3 examined the effectiveness of a new three-quarter-view database
in PROfit. Experiment 1 examined whether the presentation of composites in a three-

quarter-view composite will aid construction. Participant-witnesseswere exposedto
all views of a target and the results indicated that three-quarter-view composites
performed as well as full-face composites but not better. Experiments 2 and 3 then

examinedwhetherthe presentationof two composites(one in a full-face view and the
other in a three-quarter-view) from the same participant-witness would increase
performanceabovethe level observedfor a single composite.The results revealedthat
two views were better than one. In addition, experiment 3 examined the issue of
encoding specificity and viewpoint dependency in composite construction. All
participant-witnesseswere exposed to either one view of a target (full-face or threequarter) or all views and they were askedto construct both a full-face and a threequarter-view composite. The results indicated that performance was better when all

ii

views of a face had beenpresented.When a target had been seen in a three-quarterview, it was better to construct a three-quarter-view composite. However, when a

target had been seen in a full-face view, performance for both full-face and threequarter composites was poor.

Experiments4 to 8 examined whether the presentationof compositesfrom multiple
witnesseswould increaseperformance.The results revealedthat morphing composites
from four different witnesses(4-Morphs) resultedin an image that performed as well
as or better than the best single image. Further experimentation attemptedto examine
why multiple composites performed well. In particular, it was asked whether multiple

composites performed well becausethey contained varied information or whether
they performed well because they just contained more information. Multiple
compositesfrom both single and multiple witnesses using the same (PROfit) and
different (PROfit, E-FIT, Sketch, EvoFIT) compositetechniqueswere compared and
the results revealedthat multiple compositesperformed well becausethey contained
different

memorial

representations. This

combination

of

different

memorial

representations appeared to result in an image that was closer to the ideal, or

prototypical image.

Experiments 9 to 12 examined the relationship between verbal descriptions and

compositequality. The results revealedthat there was no clear relationship between
the amountof description provided, the accuracyof the description and performance
of the resulting composite. Further experimentation examined whether the
presentationof a composite and a description would increaseperformance above the
level observedfor a single composite.The results revealedthat the combination of a

111

description and a composite from the same participant-witness did increase
performance.This indicated that descriptionsand compositesmight contain differing
amountsand types of featural and configurationalinformation.

Both the theoretical and practical implications of these results are discussed.

Experiments 1,2 and 3 of this thesis have been submitted for publication. Ness, H.,
Hancock, P. J. B., Bowie, L. and Bruce, V. Are two views better than one? A study
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Cognitive Psychology.
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composites results yields improvements in face likeness. Journal of Applied
Psychology. 87 (5), 894-902.
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Chapter 1: Eyewitnesscompositesof faces

1
Facial Composites

Facial composite systemshave been developedin order to aid eyewitnessrecall of a
briefly viewed unfamiliar face. In order to constructa facial composite, an eyewitness
is initially asked to recall the facial features verbally. This information is then
portrayed visually using a composite system. The witness is then asked to recognise

whether this visual information (composite) matches his or her own internal
representationof that face. Alternative featuresare chosenand alterationsare madeto
the composite until the witness achieves a desirable likeness of the seen face. The

facial composite is then displayed in the media in the hope that someone who is
familiar with the suspectwill recognisethem from the composite.

Traditional methods of constructing facial composites involved choosing isolated
featuresand physically assemblingthem in a frame. However, a great deal of research
has indicated that this processis at odds with the way in which faces are normally
processed.As a result, computerised composite systems (e.g. PROfit) have been
developedin a bid to overcome many of the difficulties associatedwith thesemethods
of construction. This introductory chapter will therefore begin by examining the
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difficulties associatedwith compositeconstruction and will demonstratethat despite
technological improvements in system design, facial compositesstill perform quite
poorly. This chapter will discuss possible memorial difficulties in composite
construction and will examine why recalling, describing and reconstructing an
unfamiliar face are such difficult tasks. In addition, this chapter will highlight possible

methodsof improving the likenessof compositesboth during construction and at test.
At the end of this chapter, the specific questions addressed in this thesis will be
outlined and a brief overview of the remaining chapters will be given.

Manual composite systems
One of the earliest methods of constructing a facial likeness of a suspect involved
using a manual technique. Such techniques involved physically reconstructing the
face, either by assemblingcut-out features,or by drawing the face. In order to sketch
a likenessof a suspect,a forensic sketch artist initially spendsa substantialamountof
time eliciting a verbal description from a witness (an example given in Davies &
Little, 1990 is 30 to 45 minutes). The artist then uses this information to sketch the
face. One benefit of this approach is that the artist can add a great amount of detail to

the face. Similarly, any alterations and/or fine detail can be made to the exact
specification of the witness.

However, Maudlin & Laughery (1981) criticised this approach and argued that the
processof constructing a composite sketch would require the witness to produce a
great amount of detail, which they may not actually remember. Similarly,

this

approach was criticised for being time consuming and costly as specialist artists had
to be employed. Therefore, there was a need to develop a system that could not only
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allow witnesses to quickly recognise and choose alternative features, but one that
could also be used by officers who had little or no artistic ability.

Identikit and Photofit
The first such systems were Identikit and Photofit. These were mechanical systems

and involved physically assemblingcut-outsof facial featuresin a frame (Davies et al,
2000). The original Identikit, invented by Hugh McDonald, was first introducedto the
U.K two years after its initial release in the United States in 1959 (Davies, 1983).
Identikit consistedof individual line drawn features,which were printed onto single
transparencies. A facial composite was then constructed by superimposing these

feature transparenciesin a frame. Further detail was then added by way of a marking
pencil. This system contained a limited amount of features (130 hairlines, 102 eyes,
37 noses, 40 mouths and 52 chins) and a variety of accessories (hats, glasses, scars,
moustaches, age lines and beards) (Kovera et al, 1997).

The Photofit system was first introduced in 1970. It was developed by Jacques Penry

and became the main rival of Identikit (Davies, 1983). Photofit was similar to
Identikit with the exception that it used black and white photographs,which were
printed onto cards. A transparencywas then placed on top for further modification
with a marking pencil. A completed Photofit was a compilation of facial featuresfrom
five different people, asonly one feature (hair style with forehead,eyes,ears,chin and
mouth) was extracted from each photograph during development (Bennet, 1986).
There were a total of five hundred and fifty featuresin Photofit and three versionsof
the system: "male Caucasian, female Caucasian and Afro-Asian"

(Ellis, Davies &

Shepherd, 1978, pp297). The Identikit system was updated in 1975 (Identikit II) to
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include more `lifelike'

photographic elements, similar to Photofit. However, the

system was still very limited as the amount of features was not increased and as such,
still contained less than the Photofit system.

Photofit and Identikit composites are constructed in much the same way. An operator

first elicits a verbal description from the witness. This information is then used to
select individual featuresfrom arrays of alternatives,which are grouped on the basis
of similarity (Ellis, Shepherd & Davies, 1975). When a set of features have been
chosen,they are placed togetherin a frame to form a composite `face'. The witnessis
then free to chose alternative features and to work with the operator to modify the

image using marking pencils. Photofit differs slightly from Identikit in that a `Visual
Index' (small pictures of all features) is available for the witness to consult. In
addition, a witness is also able to make extremely limited changes to the overall
configuration of a Photofit by moving the forehead and chin up and down.

Evaluation of manual systems
A great deal of research has demonstrated that both Photofit and Identikit produce

very poor facial representations. In particular, Ellis, Shepherd & Davies (1975)
assessedthe efficacy of Photofit by asking participants to reconstruct compositesof
two targets.Participants were presentedwith a Photofit of one target for ten seconds
and were asked to reconstruct the image from memory. For the second target
participants reconstructed the image with

the target photograph available for

inspection. The results revealed that participants found it extremely difficult

to

construct a Photofit, even when the target photograph was present during
construction.Davies, Ellis & Christie (1981) alsoreportedsimilar results.
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In a further

investigation,

Ellis,

Davies,

&

Shepherd (1978, experiment

1)

manipulated target exposure time (ranging from 15 seconds to 2.5 minutes) and

viewing instructions (intentional versus incidental). They found no significant effect
for either length of exposure or encoding instructions. In experiment 2 the authors
compared composites that had been constructed using a research operator and an

experiencedpolice operator.The results revealedno significant effect of operator, no
significant differencesbetween compositesthat were made with the target presentor
from memory and no significant benefit for artistic elaboration. A further experiment
examinedthe usefulnessof Photofit by asking participants to construct a Photofit of
one target and sketch an image of a second target. All images were rated on a scale

from 0-100 (0=positively misleading) and the results revealedthat sketcheswere rated
as better likenesseswhen they were constructed with the target present. However,
there were no significant differences for Photofits; they performed equally poorly in
both the target present and from-memory conditions. In addition, there was only a

slight advantagefor constructing a Photofit compared to allowing the participants to
draw the face themselves.

These findings indicate that poor Photofit performancemay be causedby limitations
in the system rather than limitations in memory. Davies, Ellis & Shepherd (1978)
investigatedthis further by examining the impact of delay on Photofit performance.In
experiment 1, all participants were askedto constructcompositesof two targets, one
immediately after exposureand one after a delay of one week. The results revealedno
significant decrease in Photofit performance over time. In a second experiment,
reconstruction ability was compared with recognition ability. Each participant was

again askedto constructtwo composites,one immediately after exposureand one at a
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delay of three weeks. In addition, participants were required to recognise the target
from a sequence of twenty faces. The results revealed that recognition performance
did decrease after the three-week delay but Photofit performance did not. This led the
authors to suggest that the poor performance of Photofit was indeed a result of
limitations in the system, rather than limitations in memory.

Laughery & Fowler (1980) also reported similar results using Identikit. This
investigation compared the efficacy of Identikit composites with sketchesproduced
by arts graduates. Pairs of participants were exposed to a live target before
constructing either an Identikit image or a sketch. In addition, each operator/artist

constructed one target present image of each target. All images were rated for
similarity and the results revealed that sketchesperformed significantly better when
the target was present during construction. However, Identikit composites performed
equally poorly in both conditions (target present and from memory). Similarly,

McNeil, Wray, Hibler, Foster, Rhyne and Thibault (1987) reported no difference in
Identi-kit performance after either a three-day or a three-week interval between target

exposure and construction. This suggests that like Photofit, Identi-kit was also
insensitiveto factors that are known to affect recall performance.

Levels of representation

One of the major limiting factors concerns the level of representationwithin these
systems. In a series of experiments Ellis, Davies & Shepherd (1978) examined
recognition performance for Photofits. In the first experiment participants were

presentedwith either eighteen Photofits, or eighteenphotographs.At test they were
required to recognise the study items from either thirty-six Photofits or photographs
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(type of image was held constant across study/test). The results revealed that
recognition performance was higher for photographs then for Photofits. The authors
then examined whether memory for Photofits was affected by the presence of feature
boundary lines, inherent in all Photofit images. Using the same design as experiment
one, two groups of participants were asked to recognise either a set of photographs or

the same photographswith lines drawn on (similar to the feature boundary lines in
Photofit). The results revealed poorer recognition performance for the lined
photographs, compared to the unlined. Ellis et al then compared performance for
unlined photographs, photographswith lines marking the features and photographs
with random lines. The results again revealed that the unlined photographs performed
better than the feature-lined photographs. Furthermore, there was no difference in

performancebetween the two lined conditions, therefore indicating that the presence
of lines interferes with face processing.

Similar difficulties in level of representation have been reported for Identikit
composites (line drawn images). Davies, Ellis & Shepherd, (1978) compared

performance for photographs,line drawings (outlines of the same photographs)and
detailed line drawings (additional age lines, hair and eye details were added)of male
celebrities. The results revealed that participants identified 90% of the photographs,
47% of the detailed line drawings and only 23% of the outline drawings. Further
experimentation again revealed that even detailed line drawings were a very poor
guide to facial likeness.

Leder (1999) examined why facial line drawings were difficult

to process. In this

investigationparticipants were presentedwith pairs of faces and were askedto decide
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whether the two images representedthe same person. Images were presentedboth
sequentially and simultaneously and consisted of two traced line drawings, two
photographsor one of each type. Furthermore, in one block both of the images were
presented at the same time, while in the second block the second image was presented
1000msec after the first. This therefore permitted an investigation of both perceptual
and memorial processing of images. The results revealed that performance was better
when the two images were photographs, compared to when either one or both were
line drawings. In particular, sequential presentation produced poorer results when

both images were line drawings, compared to simultaneous presentation, but this
effect was not observed for photographs. This suggests that line drawings are
particularly poor when participantsare required to keepthe image in memory.

Leder (1999) suggeststhat when faces are representedas line drawings, it is more
difficult to process the face structurally because of the lack of textural information.

Researchby Bruce, Hanna, Dench, Healy & Burton, (1992) also indicated that line
drawn faces were poorly recognised because of the absence of textural information.
They examined performance for faces where both major, (e.g. eyes) and minor
features (e.g. lines) were traced and line drawn faces that included

shading

information (information about relative areasof light and shade).The resultsrevealed
that recognition performance improved dramatically when the images contained
textural information. In a later investigation, Bruce and Langton (1994) expandedon
theseresultsby demonstratingthat performanceimproved when areasof pigmentation
were preserved,rather than shading.
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This research highlights major problems with the levels of representation in both
Photofit and Identikit. For Photofit, the feature boundary lines have been shown to
interfere with face processing. For Identikit, research indicates that the lack of textural
information or pigmentation results in poor facial representations. One of the major
difficulties, however, is that both systems require witnesses to recognise features in

isolation.

Recognitionof isolated features
Constructing an Identikit or a Photofit requires a witness to recognise isolated
individual features and place them together to form a composite image. However,
research has clearly demonstrated that this process may be at odds with the way in

which faces are normally processed.Davies & Christie (1982, experiment 3) asked
half of their participants to make similarity ratings on isolated Photofit features and
half to rate the same features within the context of a whole face (a Photofit).
Correlations on the similarity judgements revealed that all judgements correlated
except those that required participants to make judgements on isolated features from
memory, thus indicating that this procedure may result in greater errors.

Similarly, researchby Farah,(1992) and Tanaka & Farah, (1993) has also found that
partsof facesare easierto recognisewhen presentedin the context of a whole face. In
the study phaseparticipants were required to learn face/namepairs. In the test phase
they were presentedwith either two isolated features(e.g. one identical nose and one
changednose) or two faces(one where the nosehad changedand one where the nose
was identical). Participants were required to say which feature/face matched the
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target. The results revealed that performance was better when the features were
presented in the context of a whole face.

Configural and featural processing
Furthermore, experiments using composite faces (Young, Hellawell & Hay, 1987;

Hole, 1994) have demonstratedthat when two halves of different faces are `fused'
together, it is difficult to isolate either half of the `new' face. However, when the
6new' face is inverted, the task becomeseasier.This effect has been found for both
familiar and unfamiliar facesand suggeststhat facesare processedin terms of a facial
`gestalt' or `schema' (Rakover, 2002).

In addition, Tanaka& Sengco(1997) askedparticipants to recognisefeatureseither in
the same configuration, a new configuration or in isolation. The highest performance
was obtained for

features in the same configuration,

followed

by the new

configuration, with the isolated feature condition achieving the lowest performance
levels. Further evidence for the role of configural processing in face recognition
comes from inversion studies (see Valentine, 1988 and Rakover, 2002 for reviews). In

general, upright faces are thought to be encoded in terms of both featural and
configurational information, while inverting a face appears to disrupt configural
processing(e.g. Diamond & Carey, 1986).

In particular, Searcy & Bartlett, (1996) revealed that inversion disrupts the ability to
perceive the spatial relationships between features (configuration). In their
investigation they presented participants with faces that had either configurational
changes (e.g. distance between nose and mouth) or local feature changes (e.g.
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darkening eyebrows). Participants were asked to rate how grotesque the faces
appeared and the results revealed that when the faces were inverted there was little

difference in ratings for local feature changes.However, inversion did produce lower
`grotesqueness'ratings, indicating that it was much more difficult to perceive the
configurational changeswhen the faceswere inverted.

Leder and Bruce (1998) extendedthis work by examining this effect for memory for
unfamiliar faces. Similar configurational and local feature changes were made to faces

in order to increase the distinctivenessof the faces. The results indicated that faces
that had been altered (either configurally or featurally) to make them more distinctive,

were rememberedbetter when presented upright. However, when the faces were
invertedonly the facesthat had local featurechangeswere rememberedbetter.

These results indicate that upright faces are processedin terms of both featural and
configurational information. One hypothesisthat has been put forward in an attempt
to explain the interaction between configurational and featural information in face
processingis the holistic hypothesis.This statesthat as a face is processedas a whole,
attempting to break the face down into its constituent parts damagesboth perception
and memory for the face. There are two interpretationsof this holistic hypothesis.The
first interpretation is that the whole face is more accessible than its constituent parts,
while the second interpretation

is similar

in that it considers configurational

information to be more important than featural information by (e.g. Farah, 1992;
Tanaka & Farah, 1993; Tanaka & Sengco, 1997).
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This evidence has severe implications for mechanical systems. As faces are processed
holistically, not only have individual features been processed, but there is also an
extensive degree of interfeature processing (Wells & Hryciw, 1984). Therefore, even
when features are kept the same, the appearance of a face can be altered if the
relationship between the features is altered (Bruce and Young, 1989). As Identikit and

Photofit both have very limited opportunity for the manipulation of distancesbetween
features(Davieset al, 1982),it would be extremely difficult for a witness to construct
a recognisable composite using such systems. This suggests that construction
techniquesthat incorporatethis information, by showing features within a whole face
and allowing for the manipulation of facial configuration, may produce better facial
likenesses. Indeed, Koehn & Fisher (1997) and Kovera et al (1997) both suggest that

the incompatibility between configurational processing and composite construction
using isolated features may explain why composites perform poorly.

Computerised composite systems
Computerised systems were developed in an attempt to overcome the difficulties
inherent in the earlier manual systems. One of the earliest computerised composite
systems was the Mac-A-Mug

Pro system. This system contained a wide range of

sketch-like facial features (184 hairlines, 117 eyes/eyebrows,65 nosesand 80 noses
and accessories),displayed features within the context of a whole face, permitted
changes in configuration and offered flexibility during editing with the use of the
Mac-Paint programme. While the number of actual features in the system was not
significantly greater than either the Photofit or Identikit systems, the ability to
manipulate both features and configuration could result in an unlimited number of
combinations(Kovera et al, 1997).

12
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Effectivenessof Mac-A-Mug Pro
Early research on the effectiveness of Mac-A-Mug Pro suggested that this system had

greatpotential. Cutler, Stocklein and Penrod(1988) examinedthe effectivenessof this
system by asking an experienced operator to construct target-present composites of
ten targets. Participants were then asked to match the composites to the target

photographs.This investigation yielded high recognition rates and led the authors to
concludethat this systemcould producerecognisablecomposites.Similarly, Wogalter
and Marwitz (1991) reported that Mac-A-Mug

Pro could produce good likenesses

when the target was available for inspectionduring construction.

This researchindicates that Mac-A-Mug Pro can produce recognisable composites
and is therefore an improvement on mechanical construction. However, further
researchindicated that this system could only produce good likenesseswhen the
compositeshad beenconstructedwith the target in view. When the compositeswere
constructedusing a more ecologically procedure (i.e. from memory), the composites
performedpoorly. In particular, Kovera, Penrod,Pappasand Thill (1997, experiment
1) asked high school graduates to construct composites of familiar targets from
memory (classmates and teachers from their high school). A further group of

graduateswere then askedto recognisethe composites.These participants were asked
to view fifty composites (10 targets) and give familiarity

and confidence ratings as

well as attempt an identification. After the identification phase, all participants were

asked to rate their familiarity with the targets. The results revealed that participants
rarely made an identification and where an identification was attempted (7%) only
1.7% were correct. This suggeststhat composites constructed from memory, even
when they are of someone familiar, are of extremely poor quality. To assessthis
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further, the authorsconducteda secondexperiment.In this study, eachcompositewas
presented for thirty seconds, after which each participant was presented with a six-

person sequentialline-up (1 photographof the target and 5 distractors). Participants
were informed that the target may or may not be in the array and they were asked to
rate the likelihood that each photograph was the target on a scale from 1 (definitely

not the personin the composite) to 9 (definitely is the personin the composite). The
results revealed that the ratings did not differ between the target and distractors,
indicating that participants could not reliably `pick' out the correct target from the
array.Similar results were reportedby Koehn andFisher (1997).

This suggeststhat while the Mac-A-Mug Pro system was an improvement on the
older mechanicalsystems,compositesconstructedfrom memory still performed very
poorly. One of the difficulties may have been the level of representationof the
images. While there was a greater number of features and a greater ability to

manipulateboth featural and configurational information, the featureswere essentially
line drawings. As research has clearly demonstrated that textural information

is

important in face recognition (e.g. Bruce, Hanna, Dench, Healy & Burton, 1992;

Bruce & Langton, 1994), computerised systems that use pigmented features (e.g.
photographicfeatures)may perform better.

E-FIT and PROfit
Two of the most commonly used computerised systems in the UK are E-Fit and
PROfit. These systemsdiffer from the Mac-A-Mug Pro system in that they contain
photographic rather than sketch-like features.E-Fit and PROfit (see chapter 2 for a
detailed description of PROfit) are extremely similar in design in that they both
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contain an extensive number of features. They display features within the context of a
whole face and contain their own feature-editing tools to allow for sophisticated
manipulation of both featural and configurational information. No research can be
found that has compared the effectiveness of both E-Fit and PROfit to Mac-A-Mug
Pro, however research has compared performance for both E-Fit and PROfit with

older mechanicalsystems.

Davies, van der Willik and Morrison (2000) were the first researchersto compare
performance for E-Fit and Photofit composites. In this investigation, participants
constructed an E-Fit and a Photofit of two different targets (either unfamiliar or

familiar). Each participant was initially asked to construct each composite from
memory with a time limit of twenty minutes. The reference photograph was then
introduced and the participant was able to make minor changesto the image. This
procedure was then repeated with the second composite system and a different target.

All composites (2 from memory and 2 target-present using two systems) were
constructed in the course of a one-hour session. All composites were evaluated using
naming and matching tasks and the results revealed that E-Fit composites performed

better than Photofit composites when the target was present during construction.
However, when participants constructed the composites from memory, E-Fit
performed as poorly as Photofit. In addition, Davies et al state that the method of
construction was extremely similar for both systems but that E-FIT was quicker.
While participants were free to direct the order of construction, "participants generally
followed a down-through strategy, beginning with the hair, followed by the eyes,
nose, mouth and chin" (pg122). As there were no significant differences between
systems when the composites were constructed from memory and method of
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constructionwas similar, it appearsthat despitetechnological advances,computerised
systemsdo not appear to aid eyewitness recall any better than older mechanical
systems.

However, other researchers (e.g. Brace, Pike & Kemp, 2000) have found that E-FIT

compositesperform well. While this investigation did not compareperformance for
E-FIT and Photofit, the results revealed that E-FIT composites can be useful
investigative tools. For half of the composites in this investigation, a participant-

witness worked with an operator and for the other half an operator worked alone. In
addition, all composites were constructed twice, in that the initial composite was
constructedfrom memory, then the target photograph was introduced and a second
compositewas made.At test, all compositeswere presentedas pairs (1 from memory
and 1 target presentof the sametarget) to familiar participants.They were askedto try
to identify the persondepicted in the imagesand statewhich composite they felt best
representedthe person. The results revealed that the composites that had been
constructedusing just an operator (mean 34.72%) performed better than those that
were made by a witness and an operator (mean 24.95%). In addition, for the operator
alone condition, the composites that were constructed from memory were just as

likely to be chosen as the `best' composites, compared to the target-present
composites. For the operator and witness condition, the target present composites
were chosen as better likenesses significantly

more often than the from-memory

composites.Brace et al suggestthat theseresults indicate that E-FIT compositesare
useful asthey were identified well and in contrastto the older mechanicalsystems,the
target-presentimagesperformed well. In addition, the authors suggestthat the results
indicate that the difficulty in constructinga compositeappearsto reflect the difficulty
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in translating a verbal description into a visual representation,not becausethe system
performs poorly.

Similarly,

recent research (Frowd, Carson, Ness, Richardson,

McLanaghan &

Hancock, 2003) has compared the effectiveness of more modern computerised

systemswith older mechanical systems.In this investigation, unfamiliar participants
were asked to study a photograph of a famous target for one minute. After a short
delay they were asked to construct one composite of the target using one of several
different systems(e.g. E-FIT, PROfit, Photofit). To ensurethat eachsystemwas used
to its full potential, experienced operators were used and all feature-editing tools were

utilised. In addition, rapport building and cognitive interview techniqueswere usedto
ensurethat initial recall was as complete as possible. All compositeswere evaluated
using naming, sorting and array tasks and the results revealed that both E-Fit and
PROfit performed significantly better than Photofit, with E-Fit and PROfit achieving

equivalentlevels of performance.These results thereforecontrast with those reported
by Davies et al (2000) by indicating that E-FIT and PROfit can produce significantly
better likenesses than Photofit when the images are constructed from memory.

The different findings therefore suggestpotential methodological differencesbetween
both the Davies et al (2000) and Frowd et al (2003) studies.In the Davies et al study,
only one hour was allowed for the construction of both composites, cognitive
interview techniques were not used to elicit the initial verbal description and it is
unclear whether feature editing tools were usedto enhancethe composites.However,
in the Frowd et al (2003) study, no time limit was placed on construction, cognitive
interview techniques were used and all composites were edited using the available
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tools within each system. While the first two factors may not have had any differential
effect on composite performance, the lack of feature editing may have masked any
differences between the two systems as research (Gibling & Bennet, 1994) has clearly
indicated that additional editing and paintwork can significantly enhance the quality

of composites.As E-FIT and PROfit both contain sophisticatedediting packages,to
manipulateboth featural and configurational information, it is likely that editing may
have significantly increased the quality of the E-FIT images and resulted in
significantly better likenessesthan the Photofits.

The results from these investigations therefore generally suggest that computerised
systems such as PROfit and E-FIT can perform better than older systems such as

Photofit. However, despite many changes to the systems (e.g. choosing features
within the context of a whole face and a sophisticated ability to manipulate both
featural and configurational

information), when composites are constructed from

memory they still do not perform particularly well. As Brace et al (2002) suggested,
poor composite performance using computerised systems may reflect a difficulty

in

translating a verbal description into a visual representation, rather than limitations in

the systems.

Methodological issues
It hasbeen suggestedthat a key limiting factor in composite production is a witness's
ability to verbally describe a face (Laughery and Fowler, 1980). As Ellis, Shepherd
and Davies (1980, pp101) state, the verbal code "may well be too restricted a means
for transmitting the rich detail contained within the human face". Indeed Paivio,
(1986) indicated that visual memories are associatedwith multiple memory traces.
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Paivio suggestedthat there were two distinct memory codes, a verbal memory code
that relates to labels for details and a visual memory code that relates to perception.

Verbal overshadowing
Schooler, & Engstler-Schooler, (1990) suggest that verbalising a visual memory may

cause interference between the verbal and visual codes, a term the authors have
entitled `recoding interference'. In the Schooler and Engstler-Schooler (1990)
investigation, participantswere askedto watch a video of a simulated robbery. Before
a recognition test was administered, half of the participants were asked to write a
description of the robber, while the other half of the participants completed a filler
task. The results revealed that the participants who described the robber achieved

lower levels of performance on the recognition task. This led the authors to suggest
that the act of generatinga verbal descriptionmay somehowimpair or overshadowthe
visual memory of the target. This effect has beensupportedby other researchthat has
also indicated that the act of verbally describing a face may impair later recognition
and identification (e.g. Dodson, Johnson & Schooler, 1997; Fallshore & Schooler,
1995).

However, anotherpossible explanation for such impairment is sourceconfusion. That
is, when two or more similar items or events are perceived, memory for the original
source can become confused with memory for the additional source (Johnson,
Hashtroudi & Lindsay, 1993). However, Dodson, Johnson & Schooler, (1997)
examined this and demonstratedthat describing an unrelated face (e.g. parent) could
impair recognition performance as much as describingthe target. This suggestedthat
the verbalovershadowingeffect did representa shift in processing,rather than source
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confusion, as it was unlikely that an image of a parent could become confused with an
unrelated image. The authors therefore suggested that the act of describing a face
might impair performance. When a face is described, the face is broken down into its
constituent parts and as a result there is a shift towards featural rather than holistic
processing. This reliance on featural processing may therefore make a subsequent
recognition task more difficult. Indeed, Fallshore and Schooler (1995) reported that

any impairment due to verbalisationmay be minimised when featural processingwas
encouraged,e.g. recognising inverted faces.

Ironically, this research suggests that verbally describing a face may be beneficial for

composite construction, but only if a face has been encoded featurally. Wells &
Hryciw, (1984) examined whether the `mismatch' between encoding and retrieval
operations would facilitate or hinder both recognition and composite construction.
They examined holistic and featural encoding using Identikit and found that while

holistic encoding instructions (character assessments) facilitated recognition
performance, featural encoding instructions aided Identikit construction. Similar
results have been obtained in recognition studies, where it has been found that

recognition of faces is better when faces are encodedholistically (participants make
judgements regarding honesty etc) rather than featurally (judging physical features)
(e.g. Bower & Carlin, 1974; Patterson& Baddeley, 1977; Berman & Cutler, 1998).
These findings suggest that describing a face may better facilitate feature-based
construction tasks, when the face has been encoded featurally. However, evidence
from face recognition indicates that faces are normally processed holistically rather
than featurally, so the mismatch between processing operations may seriously impair
composite production.
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However, while it is clear that faces are processedholistically, many authors have
failed to find any detrimental effect of describing a face on subsequent recognition

performance(e.g. Clifford, Clifford & Smith, 2002; Clifford, Burke & Clifford, 2003;
Memon & Rose, 2001) either for adults or children. Instead, this research supports
many recognition studies that have indicated that there is no relationship between

verbal descriptions and subsequentidentification accuracy (e.g. Pigott & Brigham,
1985, see chapter 4 for a review). In particular, a recent meta-analysisby Meissner
and Brigham (2001) concluded that while the verbal overshadowing effect was a
significant effect, it was very small and only explained 1.27% of the variance. In
addition, Meissner and Brigham also indicated an effect of authorship, as the majority

of studies that have reported a verbal overshadowingeffect have been published by
Schooler and colleagues, while other researchershave difficulty in replicating the
effect. This thereforesuggestspossibleimportant methodologicaldifferencesbetween
the Schooler group and other researchers.

Therefore, it is unclear whether the act of describing a face may impair later
performance on either a recognition task, or on composite construction. Despite the

lack of clarity regarding the act of describinga face, researchhas indicated that verbal
descriptionsoften contain useful identifiable information (Christie & Ellis, 1981; see
Chapter 4 for a review of verbal description literature). More importantly, verbal
descriptionsare still, at present,a useful and necessarypart of composite construction
and the amount of verbal description provided by a witness is often used by police
operatives as an indicator of subsequentperformance (Gabbert, Dupuis, Lindsay, &
Memon, 2003). Chapter 4 therefore discussesthe literature on facial descriptionsand
examines the relationship between verbal descriptions and composite construction.
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This chapter initially asks whether there is any relationship between the amount of
description given by a witness, the accuracy of that description and the quality of the
resulting composite. Chapter 4 also examines the type of information that is contained
in a verbal description and assesseswhether the combination of verbal and pictorial
information can be used to increase performance at test.

Visual overshadowing
Another possible explanation for poor composite performance may be interference.

When constructing a composite a witness is exposed to a varying number of similar
featuresthat are all presentedwithin the context of a whole face. As such,Turner et al
(1999) suggested that the presentation of many `incorrect' faces (different
combinations of features and configurations) might somehow `overshadow' or
interfere with memory for the original face. Turner et al investigated this by asking
participants to construct an E-FIT using one of three construction methods (jigsaw,
piecemealand normal). In the jigsaw condition, participants were initially presented
with a line-drawn schematicface. They were then required to choosefeaturesone at a
time, building

the composite much like a jigsaw. In the piecemeal condition,

participants were again presented with a schematic face. However, when each
individual feature had been chosen they were hidden from view until the whole face
had been reconstructed. Further sets of participants were presented with all three types
of composite for each target and were asked to rate them for likeness. The results

revealed that the highest performance was obtained for the Jigsaw composites,
followed by the normal composites, with the piecemeal composites yielding the
lowest performance. Turner suggests that these results indicate that it may be
perceptually harder to isolate individual featureswhen they are presentedwithin the
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context of a realistic whole face, rather than a schematic face. However, while visual
overshadowing is a possibility, the mean ratings in this investigation do not seem to
differ greatly (Jigsaw=4.4, Normal = 4.6) and as such it is unclear how much benefit
may be gained from presenting features in the context of a less realistic face.

Interference
While there is no clear evidence for a `visual overshadowing' effect, Turner et al's
results may be explained by a potential interference effect. While participants were

required to choose a feature (e.g. eyes) in the absenceof other features (e.g. face
shapeetc), the number of presentedfeatures may have affected the results. Signal
detectiontheory (e.g. Swets, 1964) indicates that recognition is not absolute.Instead
participants make a decision based on the number of target and distractor items. If
there are a large number of similar distractors, it becomes extremely difficult

to

distinguish the target items. Therefore, while context may have an affect on

construction performance, the actual number of presentedfeatures may also affect
performance.Witnessesoften have to make a judgement basedon a large numberof
similar features.Therefore, the likelihood of a more accuratedecision (i.e. choosing
the most similar feature) may be more difficult as the number of similar features
increase.

Cognitive interview
One way to try to prevent a potential visual overshadowingeffect and to restrict the
numberof featurespresentedis to ensurethat initial recall is as complete as possible.
This can be achieved through the use of cognitive interview techniques(Geiselman,
Fisher,MacKinnon & Holland, 1986).As information about an event is representedat
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different levels (Fisher & Cuervo, 1983), it is the role of the cognitive interviewer to
maximise the amount of detailed information retrieved (e.g. facial characteristics) and

minimise information from the general level (e.g. height and build etc). This is
achieved through the use of four retrieval techniques: reinstating context, repeated
recall in differing orders, mentally changing perspectives and emphasising to the

witnessthat they must report everything, no matter how trivial they deem it (Finger &
Pezdek,1999).

A great deal of early researchindicated that the cognitive interview increasedthe
amount of accurate information recalled, compared to a standard interview, without

increasingthe amount of inaccuratelyrecalled information (e.g. Fisher, Geiselman&
Amador, 1989; Geiselman, Fisher, MacKinnon & Holland, 1985; Koehnken,
Schimmossek, Aschermann & Hofer, 1995; Mantwill,

Koehnken & Aschermann,

1995). However, other more recent research has reported no difference in
performancebetween cognitive and standardinterviews (e.g. Memon & Stevenage,
2002; Memon, Wark, Holley, Bull & Koehnken, 1996b).

While a full review of the cognitive interview literature is inappropriate for this thesis

(seeMemon, 1986for a review), Memon (Memon, 1986; Memon, Wark, Holley, Bull
& Koehnken, 1996b) has suggestedthat the most important effect of the cognitive
interview is that it enhances communication. As an interview is an interaction
between two people, memory performance will undoubtedly be affected both by the
techniquesused to elicit recall and by the person guiding the interview. Therefore,
building rapport with a witness by using effective communication skills and eliciting

recall through the use of cognitive interview techniques, may serve to ensure that
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recall is as complete as possible. Interestingly, research that has examined the
effectiveness of both mechanical and computerised composite systems (e.g. Ellis,

Davies & Shepherd, 1978; Ellis Shepherd& Davies, 1980; Koehn & Fisher, 1997;
Davies, van der Willik

& Morrison, 2000) has not employed any of the cognitive

interview techniques described. If these techniques were employed to ensure that

recall was ascomplete as possible,then performancefor compositesconstructedfrom
memorymay increase.

To summarise,researchhas indicated that while computerisedcomposites perform
better than the older manual systems, they still do not perform well. It has been
suggestedthat the act of describing a face may affect composite construction.
However, there is conflicting evidenceregarding the verbal overshadowingeffect in
face recognition and there is no clear evidence to indicate what effect generating a
verbal description may have on subsequent construction performance. Chapter 4

therefore investigatesthe utility of verbal descriptionsin composite construction and
examineswhether descriptionscan be usedto increaseperformanceat test. Similarly,
interference may hinder construction performance and effective

use of rapport

building and cognitive interview techniquesmay help to reduceany interference,both
from the whole face and from the numberof presentedfeatures.These factors may all
affect composite performance, however, one of the major difficulties in composite
constructionis that a witnessis askedto recall an unfamiliar face.
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Memory for faces
Bruce and Young Model
A great deal of research has demonstrated that memory for faces can be extremely
robust when faces are familiar (e.g. Klatzky and Forrest, 1984) but extremely error
prone when faces are unfamiliar (see Hancock, Bruce & Burton, 2000 for a review).

Models of face processinghave clearly demonstratednot only how familiar faces are
recognisedand identified, but they have also indicated the difficulties that are inherent
in unfamiliar face processing. In particular, the Bruce and Young (1986) model
describesfour-stagesof facial identity processing.The first stageis entitled `structural
encoding' and this is where a structural representation of a seen face is formed. This

representationis then `matched' against stored representationsof known faces. For a
face to be recognisedas familiar there should be a good match between the incoming
structural description and the stored structural representation.The model describes
Face Recognition Units (FRUs) which are activated when both representations
`match' and therefore enable the seen face to be classified as familiar. When the face
is classified as familiar other semantic information (e.g. occupation, personality etc)
about the person can be accessed via the Person Identity Nodes (PINs). The final stage

is where the name of the person is accessed.The model statesthat namesare stored
separately from semantic information (PINs) but can only be accessedvia the
semanticstore. That is, one can recall information about a person without recalling
their name, but one cannot recall their name without

recalling some semantic

information. This model of identity processing is supported by a great deal of
cognitive (e.g. Young, Hay & Ellis, 1985; Young, McWeeny, Ellis & Hay, 1986;
Young, Ellis & Flude, 1988; Johnston & Bruce, 1990) and neuropsychological
evidence(e.g. De Haan, Young & Newcombe, 1991; McKenna & Warrington, 1980;
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Flude, Ellis & Kay, 1989). However, see Burton, Bruce and Johnston (1990) for a
recent revision of this model.

Structural descriptions
The Bruce and Young (1986) model indicates that problems in recognising unfamiliar

facesoccur at the first stage- structural encoding.Two types of structural description
are formed at this stage. The first is a view-centred description and is therefore
dependenton the view that the face was seenin. The secondstructural description is
independentof view and expressionand is used to recognise familiar faces. As a
witness will have only seen a face for a very brief period of time, they will be unable

to form a structural description that is independentof view and expression.Therefore,
memory of the face will be context or image-specific. This means that it would be
much harderfor a witness to recognisethe face when presentedwith a later image of
the person that differs in viewpoint, expression or lighting.

Bruce (1982) demonstrated this by presenting participants with twenty-four unfamiliar
faces at study. At test, these twenty-four faces were presented with an additional set of

twenty-four distractor faces. The participants were asked to recognisethe facesin the
same expression and viewpoint, a different expression, a different viewpoint or a
different expressionand viewpoint. Reaction time and accuracy were measuredand
the results revealed that the best performance was obtained when the images were
identical, followed by a change to either viewpoint or expression, while changesin
both expressionand viewpoint yielded the lowest performancelevels. Experimenttwo
expanded on this by comparing performance for familiar and unfamiliar faces. The
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results confirmed those obtained in experiment one and revealedthat decisions were
faster and more accurate for familiar rather than unfamiliar faces.

Using a repetition priming task, Roberts and Bruce (1989) also demonstrated that
memory for unfamiliar

faces was sensitive to image transformations.

In this

investigation participants were presented with either personally familiar faces or
unfamiliar faces. In addition, a second unfamiliar condition was used where
participants were required to learn the names of the faces in the study phase.

Participantswere askedto respondto every face by pressing `yes' if the face belonged
in the targetset and `no' if the face did not. Spacing and view were manipulated,such
that the prime and target faceswere presentedin either the sameor different view and
with either no intervening items or one intervening item. The results revealeda robust
repetition priming effect for familiar faces despitechangesin viewpoint and spacing.
However, while repetition priming was observed for unfamiliar faces at both spacing

intervals,the effect was only found when view was identical. In addition, performance
for unfamiliar faceswas the sameregardlessof whetherthe name had beenlearned.

These results suggest that memory for unfamiliar and familiar faces differ. Whereas,

memory for unfamiliar faces appearsto rely on a pictorial or image-specific code,
memory for familiar faces may rely primarily

on a more robust structural code.

However,differencesin performancefor unfamiliar and familiar faceshave also been
observedin perceptualtasksthat require no memory load.

Kemp, Towell and Pike (1997) revealed that matching a photographon a credit card
to a live target was extremely error prone. Only half of supermarketcashiersin this
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study performed accurately,either acceptingor correctly rejecting the cards when the
photograph was a high quality image. When the photograph resembled someone of
similar appearance, only thirty-six percent of cashiers correctly rejected the card.

Similarly, in the Bruce, Henderson, Greenwood, Hancock, Burton & Miller, (1999)

investigation, participants were presented with a high quality video still of an
unfamiliar male together with either a target absent or target present array. Images
were either matched or unmatched for view and expression and participants were
requiredto either `pick out' the targetfrom the array, or correctly reject the array. The
results revealed high error rates even when the images were matched for view and

expression. When view differed between target and array, performance decreased
further. Henderson,Bruce and Burton (2001) extended this work to show that even
when only two images were presented with a video still of the target and participants
were required to state `which one is the target? ' accuracy was still low.

In contrast,identification of familiar faces from CCTV footage has beenshown to be
extremely good when the face is in view, even when the footage is of extremely poor
quality (Burton, Wilson, Cowan & Bruce, 1999). Bruce, Henderson, Newman and
Burton (2001) extended this work by asking groups of unfamiliar

and familiar

participants to match target images(high quality video clips or stills) to high quality
photographs.While viewing the target footage, participants were presented with a
high quality photographand were required to state whether the two images were the
same person. The results revealed a large effect of familiarity. That is, when the
participants were familiar with one or both of the images (video image and/or
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photograph),they were able to either correctly match the images or correctly reject
them with a high degree of accuracy (90%).

These results suggest that familiar and unfamiliar faces are processed differently. For
the matching tasks it appears that matching a viewed face to a stored memorial

representationof that face (familiar faces), is more successful than matching to
anotherimage of the same person (unfamiliar faces). For recognition tasks familiar
facesare matchedfaster and more accuratelythan unfamiliar faces,despitechangesin
viewpoint and expression.Similarly, repetition priming occurs acrossdifferent views
for familiar faces but not for unfamiliar faces and for perceptual matching tasks where

no memory load is involved, familiar faces are matched more accurately than
unfamiliar faces.

This suggests that memory for an unfamiliar face relies primarily on a pictorial or
image-specific code, as performance is sensitive to image changes. In contrast,
memory for familiar faces may rely primarily on structural rather than pictorial codes,
as performance did not decrease despite changes in view and expression. However,

memory for familiar faces does not rely solely on structural codes. In an earlier
repetition priming investigation Bruce & Valentine, (1985) revealedthat performance
for familiar faces increased when the same picture was used as prime and target

compared to when different pictures were used. This indicates that familiar face
processing is facilitated by both pictorial and structural codes, whereas unfamiliar
face processingis facilitated by pictorial codes.
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These findings may be explained by differing amounts of exposure to faces. For
familiar faces, the face has been seen on multiple occasions and in different contexts.
Therefore a more robust representation of the face will have been formed, with a
greater number of memory traces (Hintzman,

1986) that may greater facilitate

changes in viewpoint and expression. In contrast, the memorial representation of an

unfamiliar face contains very few traces,as exposureis limited to a single instancein
recognition tasks. Similarly, because of the very brief exposure period in an
eyewitness situation, it is unlikely that a structural description will be formed and
recognition and reconstructionability will thereforerely heavily on image-specificor
pictorial details i. e. how well the presented image `matches' the witnesses stored

internal representation. Therefore, as face recognition evidence indicates that
unfamiliar face memory is image-specific, would composite performanceincrease if
composite systemsutilised this information and displayed images in a more imagespecific manner?

Recall versus recognition
When a witness constructs a composite they are asked to both recall and recognise
whether the presented image `matches' their internal representation of the face.

Single-process, or generation-recognition models of memory (e.g. Anderson &
Bower, 1972; Kintsch, 1970) assume that recall and recognition involve the same
underlying process and indicate that it is the level of activation that determines
whether an item will be remembered.That is, if an item is weakly representedin
memory, the item will be less likely to be recalled, but effective retrieval cues
containedin a recognition test may lead to successfulrecognition. As recall involves
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both a generation and a recognition stage, whereas recognition only involves the
latter, these models assume that recognition will always be better than recall.

Encoding Specificity
However, research has also indicated that participants can recall words that they fail

to recognise (Flexser & Tulving, 1978; Tulving & Flexser, 1992), indicating that
recall and recognition may in fact be two distinct aspectsof the sameprocess.Flexser
and Tulving demonstratedthat the relationship between recognition and recall is a
function of the amount of information that is available. In particular, the information
that is available in a recognition task is uncorrelated with the information that is

available in a recall task and reflects retrieval independence.This instead provides
supportfor the encoding specificity principle (Thomson & Tulving, 1970;Tulving &
Thomson,

1973), rather than single-process models of memory. The encoding

specificity principle states that recall and recognition are distinct aspects of the same

retrieval system, and that successfulretrieval is dependenton the degree of overlap
betweenthe information at encoding and the information that is available at retrieval.
As such, more accurately matching the cues at encoding and retrieval may increase

recall performance. Indeed, Penrod et al (1992a) suggested that composite
performance might increase when the properties available in the composite more
accuratelymatched the properties at encoding.Penrod et al suggestedthat presenting
featureswithin the context of a whole face might encouragemore holistic processing
and thus improve constructionperformance.However, asdescribedearlier, all modern
composite systems display features within the context of a whole face and
performance is still poor.
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This suggests that while the processes at encoding and retrieval may be more
accuratelymatched(i. e. displays compositesin a more holistic way), other properties
of the compositemay also need to be matchedmore accurately (e.g. viewpoint). The
image that is displayed on a composite system will never accurately `match' the
viewed face, as it will not contain an exact copy of the individual's facial features.

However, asunfamiliar face memory is imageor context-specific,it may be easierfor
a witness to build a composite that is matched for viewpoint and expression. The more
modern composite systems (e.g. PROfit and E-FIT) allow for the manipulation of

expressionthrough the use of their sophisticatedediting tools. However, one of the
difficulties with all composite systems is that they do not allow viewpoint to be
matchedto the view seenat encoding.Until recently, all composite systemshave only
permitted a witness to constructan image in a full-face view, regardlessof the view at
encoding. Therefore, chapter 2 will investigate the role of encoding specificity in
composite construction and examine whether composite performance increases when
the view at encoding matches the view at retrieval.

Nature of stored representations
As composite construction is a retrieval task, more accurately matching encoding and

retrieval cues may serve to increaserecall and subsequentconstruction performance.
However, the way in which facial information has been encoded and stored will
ultimately affect performance. Research (e.g. Valentine, 1991a) has indicated that

faces may be represented as deviations from the norm, or deviations from the
prototypical face. In particular, Valentine suggeststhat faces are normally distributed
across different featural and configurational dimensions, where the norm or
prototypical face occupies the centre of `face space' and all other facesare distributed
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around this. Therefore, faces are representedin terms of `face space' according to
their featural and/or configurational deviations from the average or norm face. As a
result, typical faces that share similar properties (e.g. average face shape, average
length nose) may be clustered together in face space. This would therefore make it
much harder to distinguish one typical face from another. Similarly, a face that has

either distinctive configurational (eyes very close together) or featural information
(very large nose) will be located on the edges of `face space', and would therefore be

locatedmuch quicker and with much less confusion than a typical face (e.g. Valentine
& Bruce, 1986). This suggeststhat despite more accurately matching encoding and
retrieval cues, composite construction may be more error prone for typical rather than

unusual faces, as the assumption of `face space' indicates that it would be much
harderto distinguishthe identity of one typical targetface from another.

Accessingthe stored representationof a typical face can therefore lead to confusion
betweendifferent faces/features.In addition, the act of constructing a composite can
also lead to confusion and error. After a witness has described a face, they are asked
to search through a series of similar features and choose the feature that is most
similar to the target. If it is more difficult to identify the target face it may be more

difficult to distinguish between these similar features and construct an accurate
likenessof the target.

Likewise, research suggests that memory for the original target may become
integratedwith either memory of anotherface, or memory for the presentedfeatures.
In particular, research on the effect of prototype faces has indicated a potential

memory integration effect. For example, Solso & McCarthy (1981) reported that 35
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out of 36 participants reported seeing an unstudied prototype face. Thus suggesting
that memory for faces/features is somehow integrated with memory for similar items,

either through trace blending (e.g. Metcalfe, 1991), by storing integrated traces (e.g.
Hintzman, 1986) or as a result of competing patterns of interaction (e.g. McClelland

& Rumelhart, 1985).

Memory integration
Metcalfe (1990) examinedthe integration of similar items in memory and developeda
model entitled CHARM (Composite Holographic Associative Recall Model). The
central tenet of this model was that memory traceswere superimposedor blended in
memory and that retrieval was dependenton the items that were associatedin storage.
While Metcalfe examined the integration of words, specifically testing the work of
Loftus and colleagues(e.g. Loftus, 1975,1979; Loftus & Loftus, 1980, Loftus, Miller
& Burns, 1981) on misinformation effects, she also suggests that as facial features are

in essencecontinuous variables, it is likely that similar features may become
associatedin memory and result in retrieval or recall of an alternative. In fact,
Metcalfe states that "It is possible that a lure that was never viewed before may be
`better' recognisedthan even the actualtarget face" (pg158).

The CHARM model is similar in design to other distributed network models (e.g.

McClelland & Rumelhart, 1985), as it assumesthat an encodeditem is representedas
a set of semi-independentfeatures in a distributed pattern. Whereas,McClelland and
Rumelhart indicated that false recognition could occur through competing patterns of
interaction,

in the CHARM

model items are associated or blended through

convolution. When two items are similar, these items will be positively correlated.
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When the items are associated, the ordered sets of features that make up these items
are combined to create a new memory trace. Retrieval then occurs through a process
of correlation. More specifically, a retrieval cue (e.g. an array of faces or a set of
features) is `matched' or correlated to the composite trace and the best `match' is the
retrieved item. Metcalfe suggests that the model can explain the prototype effect, as

the model indicates that prototypes are more likely to form between similar items. In
the case of composite construction, this model suggeststhat the `best match', or
chosenfeature, could be any similar feature that is presented(e.g. a similar nose). In
particular, if facial featuresshareseveralsimilar propertiesor are positively correlated
(e.g. are all long and pointy), the model suggests that the feature that is most highly
correlated will be chosen.

This model of memory is similar to other multiple memory theories proposed by other
researchers (e.g. Bower, 1967; Hintzman, 1986,1988; Nosofsky, 1991). In particular,

Hintzman suggeststhat tracesor parts of original events/items are stored in memory
and that it is these combined tracesthat are retrieved. This output is therefore much
like a schema of the original event or item. In particular, Hintzman found that when

participantsstudied words that were perceptuallyor conceptually similar to a new set
of words at test, high ratesof false recognition occurred. Similarly, Nosofsky (1991)
revealed that both classification and recognition of items were based on similarity
comparisons with exemplars that were stored in memory. These models therefore
indicate that retrieval is basedon similarity, suggestingthat a witness will retrieve or
choosea feature that sharessimilar propertiesto the encodedfeature.
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Schema theory
Hintzman (1986,1988)

suggests that a retrieved item or event is a schema of the

original item/event. While Hintzman did not specifically examine memory for faces,
other researchers have also suggested that faces are processed according to existing

schemas(e.g. Rakover, 1999,2002). In particular, it has been demonstratedthat an
important schemais the spatial layout of the face e.g. eyes above nose, nose above
mouth etc. Similarly, there are schemasfor individual facial features,which describe
the individual properties of each feature e.g. a nose has two nostrils etc. However,
Rakover suggests that there is a hierarchy of schemas, with the most important
schema representing the spatial layout or configuration

of the face. In addition,

researchers have suggested that this general processing occurs before the individual

featuresare processed(e.g. Bruce, 1988).

Other researchers have also highlighted the reconstructive nature of recall (e.g. Hasher

& Griffin, 1978; Alba & Hasher, 1983), noting that the information that is encodedin
memory is guided by a schema.The information is then guided into hierarchical slots
and missing information, or missing slots can be filled in with information that is

accordant with the existing schema. This guiding schema can actively select and
modify information, in order to arrive at a coherent, organised framework of
information. Therefore, when memory is searchedduring retrieval, the schemais
activated and the information that is recalled may either reflect accurateinformation
(i.e. information that was actually encoded), or inaccurate information (i. e.
information that was usedto fill in the gaps).
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To summarise,the conceptualisationof a `facespace' indicates that it is much harder
to distinguish typical faces than it is to distinguish distinctive faces. This is because

facesare clusteredin `facespace' accordingto the degreeof deviation from the norm
or prototype face. This suggests that as it may be more difficult to identify a typical
target face it may be more difficult

to distinguish between similar features and

construct an accurate likeness of the target. Similarly, research has indicated that
memory for similar items/facesmay becomeintegrated or blended, as evidencedby
the prototype effect in face recognition. Therefore, rather than recalling accurate

details of a target, a witness may confuse the target face with another face in `face
space.Memory for the targetmay becomeconfusedor blended with memory for other
faces or features during construction, or a witness may recall facial/featural schemas

but have difficulty distinguishing specific characteristicsof the target.

External versus internal features
One of the added difficulties with unfamiliar face recall is that as there is restricted
opportunity to build a structural representation of the face (see pages 26-29), facial
features may be differentially represented in memory. Evidence for this comes from

investigationsthat have examinedperformanceof familiar and unfamiliar faceswhere
both the internal (eyebrows, eyes, nose and mouth) and external features (hair and
face shape) have been isolated. For example, Ellis, Shepherd & Davies, (1979,

experiment 1) askedparticipants to identify famous facesfrom either their internal or
externalfeatures.The results revealedan overall accuracyrate of 80%, where 50% of
the faceswere identified from the internal features and 30% were identified from the
external features. Experiment 2 examined this effect for unfamiliar faces using a
standardrecognition task and the results revealed no significant difference between
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internal and external features. Experiment 3 replicated experiment one (famous faces)
using a standard recognition task and the results again revealed an advantage for

internal features.Similar results were reportedby Young, Hay, McWeeny, Flude &
Ellis, (1985) and Clutterbuck and Johnson, (2002) using matching tasks.

These results suggest that while there is an internal feature advantagefor familiar
faces, there is no such advantagefor unfamiliar faces. However, other researchhas
not only supported the internal feature advantagefor familiar faces, it has also
revealed an external feature advantage for unfamiliar faces (Bruce, Henderson,
Greenwood, Hancock, Burton & Miller, 1999; Bonner, Burton & Bruce, 2001). In
particular, Bonner et al examinedperformancefor unfamiliar facesover a time period
of three days, to examine the effects of familiarisation. The results revealed that
performancewas better when the external features of unfamiliar faces were matched
compared to the internal features. In addition, over the three-day period, performance

for the internal featuresimproved and was equivalentto externalfeature performance.

This suggests that as a face becomes familiar there is a shift from external to internal

features. O'Donnell and Bruce, (2001) examined this process of familiarisation in
more detail. This investigation manipulated the internal features (eyes, nose and
mouth) and the external features (hair and chin) both configurally (distances)and
featurally (features were swapped).Half the faces were unfamiliar and half had been
learnedin the study phase.Participantswere presentedwith two faces(one unchanged
and one changed) and they were required to state whether the two faces were
physically the same or different. The results revealed that changes to the eyes were

detectedbetter for familiar facesthan for unfamiliar faces.
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To summarise,these results suggestthat familiar and unfamiliar faces are processed
differently. In both memory tasks (Ellis, Shepherd & Davies, 1979) and perceptual
tasks (Young et al 1985; Clutterbuck and Johnson, 2002) there appears to be an
internal feature advantage for familiar faces. While these studies report no advantage
for unfamiliar faces, other research (Bruce et al, 1999; Bonner et al, 2001) has

reported an external feature advantage for

unfamiliar faces. In addition,

familiarisation researchsuggeststhat there is a shift from external to internal features
as a face becomes familiar (e.g. Bonner et al, 2001) and this starts with a differential

shift to the eye region (O'Donnell and Bruce, 2001).

One possible reasonfor thesefindings may be that external featuressuch as hair and
face shapeoccupy such a large part of the facial image. As a result, when a face has
only been viewed for a very short period of time, the larger more dominant external
features may be perceived better than smaller less dominant internal features.

Consequently,the external features of unfamiliar faces may be better representedin
memory. In contrast, for familiar faces,external featuressuch as hair are more likely
to change over time and are less stable than the internal features. As a structural
representation of the face is built up over multiple presentations of the face, in

different contexts, views, expressionsand with perhapsdifferent hairstyles, it is likely
that the internal features would be a better guide to identity.

This indicates a paradox for composite construction in that an eyewitness may have
perceived, recalled and reconstructedthe external featuresof the face better than the
internal features.However, when the compositeis releasedvia the media in the hope
that someonewho is familiar with the target may make an identification, this familiar

40

Chapter 1: Eyewitnesscompositesof faces

personmay utilise internal feature information to identify the facial composite.As the
internal features of a composite may be less accurate than the external features, the
likelihood of a correct identification may be diminished.

While matching encoding and retrieval cues more accurately may aid construction of

composites,it is likely that external featureswill still more be accuratelyrepresented
than internal features. One way to improve the performance of facial composites
however, may be to examine methods of improving likeness at test, rather than at
construction. Each compositeis a representationof an individual witness's memory
of a seenface and is likely to contain information that is both similar and dissimilar to
the original target face. So, how would one witness's representationof a seen face
compare with another witness's representation of the same face? Research has
examined the effect of presenting compositesfrom more than one witness and has
revealed that presenting composites from multiple witnesses increases performance

significantly (Bennet, Brace, Pike, & Kemp, 1999; McNeil, Wray, Hibler, Foster,
Rhyne & Thibault,

1987; Bruce, Ness, Hancock, Newman,

& Rarity, 2002,

experiment 1). This suggests that each composite contains differing

types and

amounts of similar and dissimilar information. Interestingly, research on the effect of

prototypesin face recognition (e.g. Solso & McCarthy, 1981; Bruce, Doyle, Dench &
Burton, 1991; Homa et al, 2001), indicates that each composite may be a deviation
from the ideal or prototypical image. Therefore, when composites from multiple
witnessesare presented,this information may serve to `create' an image that is closer
to the `ideal' or prototypical image. Chapter 3 therefore investigates whether
combining compositesfrom different witnessesaids performanceat test. In particular,
chapter 3 examines performance for multiple composites from both multiple and
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single witnessesusing both PROfit and multiple composite systems, to assesswhat
type of information

serves to increase performance. If composites from multiple

witnessesperform well becausethey just contain more information, then combining
other types of information

(e.g. adding textural information)

may also serve to

increase performance.

Thesis questions and review of remaining chapters
This introductory chapter has highlighted many general issues concerning facial
compositeconstruction.Firstly, this chapterhas provided a detailed evaluation of both
traditional and computerised methods of composite construction, in particular,
demonstratingthat despite advancesin systemdesign, facial compositesstill do not
perform particularly well. Secondly, possible methodological reasons for poor
compositeperformancewere consideredand issuessuch as verbal overshadowingand
interference effects were discussed.Thirdly, this chapter considered literature on
unfamiliar face processing, focusing in particular on the Bruce and Young model to
highlight the difference between familiar and unfamiliar face processing. Finally, this

chapter considered relevant memory research, which has highlighted potential
difficulties with both the storageand retrieval of facial information.

This introductory chapter has described and evaluated the general difficulties and
issuesconcernedwith composite construction and as demonstrated,most composite
researchto date has focused on difficulties associatedwith construction. As such,
much is known about the memorial difficulties associated with facial composite
construction.However, very little researchhas examinedmethodsof improving facial
compositelikeness.This thesis will therefore build on the researchpresentedin this
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introductory chapter by examining specific methods of improvement. In particular,
this thesis will examine both methods of improving both the construction of facial

compositesand the subsequentverification and identification of compositeimages.

Will the development of a three-quarter-view

database improve composite

performance?
The starting point for this investigation was the finding that despite technological
advancesin system design, facial compositesystemsstill do not produce particularly
good likenesses.This indicated that poor composite likeness might be a result of
memorial difficulties. However, as constructing a facial composite is a retrieval task,

memorial difficulties may in fact be a result of systemdesign.For example, a witness
may have viewed a three-dimensionalface, yet they are asked to construct a twodimensional full-face composite. As unfamiliar face memory is image or contextspecific, the disparity between the view at encoding and the view at retrieval may
result in poorer quality composites.Therefore, the first question addressedwhether
composite systems may be more effective if they displayed faces in a more three-

dimensional manner. Chapter 2 therefore examines the effectivenessof a new threequarter-view databasein PROfit. It begins by discussing why a three-quarter view
composite system may be helpful and provides a review of the three-quarter-view
literature with regard to unfamiliar face recognition. This chapter addressesthree
specific questions.

The first question focuses on the role of composite systems as effective retrieval aids

and asks whether performance will increase when composites are constructed in a
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three-quarterview. At present,a witnessis only permitted to construct a compositein
a full-face view, even though they may have viewed a three-dimensional face.
Therefore, experiment 1 examines whether the presentation of features in a threequarter view will be a more effective retrieval aid than the presentation of features in a
two-dimensional full-face view.

In addition, experiments2 and 3 ask whether the presentationof multiple views from
the same witness will

increase composite performance. In particular, these

experimentsexamine whetherthe presentationof both a full-face and a three-quarterview compositefrom the samewitness, serveto increaseperformanceabovethe level
observed for a single full-face composite. Furthermore, experiment 3 examines the
issueof encoding specificity and askswhether composite performance will increase
whenthe view at encodingmatchesthe view at retrieval?

Will the presentation of compositesfrom multiple witnessesincrease
performance?
This question is addressed in chapter 3, which begins by examining the literature on

multiple witness compositesand prototype effects in face recognition. In particular,
the experimentsdescribedin this chapter(experiments4- 8) initially extend the work
of Bruce, Ness, Hancock, Newman & Rarity (2002) by examining whether the
combination of composites from four different witnesses serves to increase
performanceabovethe level observedfor a single composite.

Furthermore, this chapter asks whether the combination of different memorial
representationsresults in an image that is closer to the ideal or prototype. In order to
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assess why combined composites perform well, the type of information that is
contained within the composites is manipulated. Therefore, comparisons are made
between morphed composites from multiple and single witnesses using both a single
system (PROfit) and multiple systems (PROfit, E-FIT, EvoFIT and Sketch). If the
combination of composites from multiple witnesses results in an image that is closer

to the ideal or prototype, then performance should only increase when different
memorial representations are combined.

What is the relationship between verbal descriptions and composite
performance?
This question is addressed in chapter 4, which begins by evaluating the literature on
verbal descriptions. The experiments in this chapter (experiments 9-

12) begin by

between the amount of description a
assessing whether there is any relationship
witness provides, the accuracy of the description and the quality of the resulting
composite. As discussed in the introductory chapter, it is unclear whether the act of
describing a face impairs subsequent recognition performance. However, what is clear

is that verbal descriptions are an important and necessary part of composite
construction and are in fact used by many police operatives as an indicator of
composite performance. Experiments 9 and 10 therefore examine whether there is any

relationship between verbal descriptionsand compositeperformance.Experiments 11
description and a composite
and 12 then consider whether the combination of a verbal
from the same witness will serve to increase performance above the level observed for
a single composite.
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2
Multiple Views from the Same Witness
A general overview of composite systems and the difficulties associated with
constructing a composite was given in the previous chapter. However, one potential

difficulty that has not beendiscussedis that of viewpoint. This chapter will therefore
begin by discussing why a three-quarterview composite system may be helpful and
will

provide a review of the relevant literature with regard to unfamiliar

face

recognition. It has not previously been possible to investigate any effect of view on
composite construction, as all composite systems have only contained full-face
databases.However, the introduction of a new three-quarter-view female database in

PROfit has enabled a careful consideration of view effects. This new databasenot
only allows a witness to construct a three-quarter-view composite, it also has the
facility

to automatically generate three-quarter view images from full-face

composites.There are therefore three aims to this investigation. The first aim is to
examine performance for constructed full-face and three-quarter view composites
under different exposure conditions (all views in experiment 1 and full-face view,
three-quarter view and all views in experiment 3). The second aim is to examine
performance for

three-quarter

view

composites that have been automatically

generated from the full-face composites. Finally, the third aim is to examine whether
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presenting a full-face

and three-quarter composite together (constructed and

automatically generated) serves to increase performance above the level achieved for
a single full-face composite.

Why construct a three-quarter-view

composite?

In a real-life situation a witness will have viewed a previously unfamiliar threedimensional moving face. However, when a witness is invited to build a composite

likeness of the face, they are asked to construct a two-dimensional full-face image.
Evidence on the role of movement in unfamiliar face recognition has indicated that
movement may help to build a robust three-dimensionalrepresentationof the face
(e.g. Schiff, Banka & De BordesGaldi, 1986;Bruce & Valentine, 1988; Pike, Kemp,
Towell & Philips, 1997) (see Bonner et al, 2003, for null effects). As this research
suggests that a witness may have encoded and stored a three-dimensional

representationof the face, will it be easierfor a witness to construct a three-quarter
view composite, which reveals more about three-dimensionalstructure, rather than a
full-face composite?

Is a three-quarter-view better than a full-face?
Several researchers have investigated whether there is a one particular view that is
Bruce, Valentine and Baddeley, 1987; Schyns &
preferred in face recognition (e.g.

Bülthoff, 1994;Hill, Schyns& Akamatsu, 1996;Newell, Chorizo & Valentine, 1999).
This research stems partly from research on object recognition that has suggested not
only that object recognition may be viewpoint dependent (e.g. Edelman & Bülthoff,

1992,Tarr & Pinker, 1990),but also that certain views of an object are often preferred
(e.g. Palmeret al, 1981).
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For faces, it has been speculatedthat an angled view (or three-quarter view) may
representa canonical view. As this view is centred between both the full-face and
profile views it is possible that this view may contain information that is available in
both the full-face and profile views. In particular, research by Wells (1985) indicates
that three-quarter-views may contain more information than full-face views. In this

investigation participants were askedto describefacesthat were presentedin either a
full-face or a three-quarter-view and the results revealed that more descriptors were
provided after presentation of a three-quarter-view image.

In order to examine whether a three-quarter-view is preferred view, researchers have

presentedall views of a face at study and examined recognition performanceat test.
Any difference in performance would therefore be a result of the testing view,
therefore indicating whether one particular view was preferredor canonical.Schyns &
Bülthoff (1994, Experiment 1) examined performance for 3D laser-scannedheads
with shaded surface models. Participants were presented with all views (-36, -18,0,
19, and 36 degrees) at study and two faces at test (one of the target and one distractor,
both in the same view). The results revealed that no one view was preferred. Similar

results were also obtained by Hill, Schyns & Akamatsu (1996) who presentedfive
views at test (-90, -45,0,45, and90) and found no effect of test view.

These experimentsindicate that a side view (18 - 45 degrees)is not canonical. Using
a different methodology, Bruce, Valentine and Baddeley (1987) also found that the

three-quarterview was not canonical.They examinedperformancefor three poses(0,
45,90 degrees)and participants were askedto decide if two sequentially presented
pairs of faces, in two differing views, representedthe same person. Recognition
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accuracy and latency were measured and the results revealed a three-quarter-view
advantage for unfamiliar faces, but not for familiar faces. Thus, the three-quarter view
does not make it easier to accessrepresentations about known faces.

Similarly,

Newell, Chorizo & Valentine (1999, Experiment 3) presented all three

views (0,45,90) in quick succession(1 secondper view) to give the appearanceof
movement at study. They found that recognition was impaired for the profile view,

while there were no significant differences between the full-face and three-quarter
views. Thus, it appearsthat while the profile view achievesthe poorest performance,
there appears to be little difference in performance for the full-face and three-quarter

views. Furthermore,Logie, Baddeley & Woodhead(1987, Experiment 4) examined
the effect of view for `live' targets.They found that while performance for the threequarter view was slightly higher than for the full-face, there were no significant
differences, leading the authors to suggestthat view is not particularly important in
real-life situations.

These results suggest that while there is some evidence that certain views (side views)
are preferred in object recognition (e.g. Palmer at al, 1981) neither the full-face or
three-quarter view seem to be preferred in face recognition. However, performance
does appear to be lower for the profile view. This may be because faces contain a
featural, configural) and this information may
great deal of information (structural,
differentially support viewpoint generalisation. For example, the information that is

contained in a full-face view looks very different when that face is presentedin a
profile view (e.g. eyes and eyebrows).Therefore,some information may be viewpoint
dependent (featural) whereas other information may be viewpoint invariant
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(structural). So, what are the patternsof viewpoint dependenceand what do they tell
us about the information contained in the different views of a face?

Seeing a full-face view at study

Patterson& Baddeley, (1977) and Woodhead, Baddeley & Simmonds, (1979) both
presentedfacesin a full-face view at study and examined recognition performanceat
test by either presenting three-quarter and profile views (Patterson & Baddeley, 1977)
or full-face,

three-quarter and profile

views at test (Woodhead, Baddeley &

Simmonds, 1979). In addition Patterson& Baddeley (1977) also combined posewith
disguise (with beard, wig, glasses etc). Despite these differences in methodology, both

studiesindicated that a three-quarter-viewperformedbetter than a profile view.

These results indicate that when there is a change in view between study and test, the

three-quarterview performs better than the profile view, while there appearsto be no
difference in performance between the three-quarter view and full-face views. In a
more recent investigation, Newell, Chorizo & Valentine (1999, Experiment

1)

participants were also presented with a full-face view at study. After an interval of
500 milliseconds, they were presented with a second face in one of five views (-90, 45,0,45,

and 90 degrees) and their task was to decide whether the two faces

represented the same person.

For the matched trials the results revealed that the

profile views performed significantly poorer than either the full-face or three-quarter
views. For the mismatch trials there was a significant effect of view for typical faces,

with the three-quarterview conditions obtaining significantly more correct responses
than the profile conditions. These results support those of Patterson & Baddeley,
(1977) and Woodhead, Baddeley & Simmonds, (1979) by revealing poorer
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performancefor the profile views and comparableperformance for both the full-face
and three-quarter views.

These results indicate that while the three-quarter view performs well, it does not
However, when only one view of a face is
perform better than the full-face view.

presentedat study, any differencesbetweentest views are likely to be a result of the
view that was presented at study. These studies all presented a full-face view at study

difference in performance for the threeand the results indicate that there is little
quarter and full-face views at test. Onepossiblereasonfor this concernsthe degreeof
angular depth rotation. Lui & Chaudhuri (2002) suggest that performance is better

when the angle of rotation betweenstudy and test is 45-degrees(i. e. full-3/4 etc) and
that performance is poorer for profiles when there is a 90-degreeangle of rotation
(full-profile). Likewise, similar performance has been observed for novel objects,
where generalisationfrom a single view decreaseswith increasing anglesof rotation
(e.g. Edelman & Bülthoff, 1992).

However, another possible explanation concerns symmetry (Schyns & Bülthoff, 1994;

Troje & Bülthoff, 1996;Hill, Schyns& Akamatsu, 1997; Troje, 1998).They note that
(albeit not perfectly). As such, side-views
a face is essentially bilaterally symmetrical

of a face can be thought of as non-singular, as a symmetrical view can be generated
from them and full-face views are singular, as a symmetrical view cannot be
generated.This argument is basedon evidence from object recognition (Poggio &
Vetter, 1992)that has demonstratedan interaction between the view at study and the
view at test. Poggio & Vetter, (1992) suggested that `virtual views' could be
generatedfrom one non-singular view of a bilaterally symmetrical object and that if
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only one non-singular view was presentedat study, recognition of novel views could
be achieved at test.

This may explain why a three-quarter-view advantage was not obtained when only a
full-face view was presented at study. As the full-face view may be non-singular it

would be extremely difficult to generalise to a novel view at test. Similarly, the
symmetry argument suggeststhat when a three-quarterview is presentedat study, a
`virtual view' could be generatedand this may result in the successfulrecognition of
the face in a novel view i.e. the full-face. If the symmetry argumentis correct, then
some viewpoints should also be better generalised than others after seeing a three-

quarterview at study.

Seeing a three-quarter view at study
The angle of rotation hypothesis suggeststhat there should be little difference in
performancebetweenthe full-face and three-quarterviews. However, Krouse (1981)
did find a difference between these two views. She presented participants with
previously unfamiliar faces in both a three-quarter and full-face view. She then tested

for recognition by presentingfaces in the same (matched) or different (unmatched)
pose, either immediately or after a two day delay. The results indicated a three-quarter

view advantagewhich was unaffectedby both time delay and changeof pose. Further
studies also seem to provide support for a three-quarter-viewadvantageat learning.
Baddeley & Woodhead,(1983) presentedfacesin full-face, three-quarterand profile
views at study and compared performance for all three views at test. The results
revealed that the three-quarter view performed better than either the full-face or
profile. Similar, results were also obtained by Logie, Baddeley & Woodhead (1987).
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This suggeststhat there may be a three-quarter-viewadvantagewhen more than one
view is presented at study. However, Lui & Chaudhuri (2002) failed to find such an
advantage. They presented each face in only one view at study (8 faces in a full-face
view, 8 in 3/a view and 8 in profile view). At test the twenty-four

targets were

presented in the same direction as the study phase and were shown with an additional

twenty-four distractors. Participantswere required to perform a yes/no recognition
task and the results revealed no main effect of view. In their review of the threequarter literature Lui & Chaudhuri (2002) suggestthat there is little evidence for a
three-quarter-view advantage and that most differences in performance can be
explained by their `angle of rotation' hypothesis.

Other studies have also failed to find a three-quarter-viewadvantage(e.g. Laughery,
Alexander &

Lane, (1971, Experiment

2; Davies, Ellis

&

Shepherd (1978,

Experiment 2). In particular, Davies, Ellis & Shepherd(1978) combined view (fullface, three-quarter) and mode of presentation (line drawings, photographs) as
between-subjects factors at study. At test, the participants were asked to recognise the
targets in both full-face and three-quarter view, in the same mode of presentation as

the study phase(photographsor lines drawings). The results revealedno difference in
performance between the full-face and three-quarter view. These results appear to
provide support for the `angle of rotation' hypothesis by showing no difference in
performancefor views that differ by a 45-degreeangle.

Thus it appearsthat there are inconsistenciesin the literature. Some researchershave
found a three-quarteradvantage(Krouse, 1981; Baddeley & Woodhead, 1983; Logie,
Baddeley & Woodhead, 1987) whereas others have not (Lui & Chaudhuri, 2002;
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Laughery, Alexander & Lane, 1971,Experiment 2; Davies, Ellis & Shepherd(1978,
Experiment 2). Furthermore, while the angle of rotation hypothesis may explain some
of the inconsistencies, it cannot explain the three-quarter-view advantage found by
Krouse (1981).

The symmetry argumentsuggeststhat when a three-quarterview is presentedat study,
a 'virtual view' could be generated and this may result in the successful recognition of
the face in a novel view i. e. the full-face. This may perhaps explain why several

authors have failed to find a three-quarter-viewadvantagewhen a three-quarterview
was presentedat study.

Schyns & Bülthoff (1994, Experiment 2) investigated the effect of symmetry by
examining performance for five views of laser scanned 3D heads (-36, -18,0,19,36)

at study (between-subjects)and at test (within-subjects factor). The results revealeda
main effect of study view, no main effect of test view and an interaction between the
two. In particular, there was a significant difference in performance between 0 and all
other views. When the full-face view had been learnt (0) sharp decreases in

performancewere observedfor increasedangle of rotation (an inverted U shape).The
results also indicated that performance for the 36-degree study condition was highest

when the test faces were either 36 or -36 degrees. Therefore, the strongest
generalisationperformancefor the 36-degree(three-quarter-view)condition was to its
svinmetrical view, with slightly lower generalisationperformance to the 18-degree
condition and lowest generalisationperformanceto the 0 condition (full-face).
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Similarly,

Hill,

Schyns &

Akamatsu

(1997, Experiment

2)

also examined

generalisation performance from a single view. They presented three views (0,45 &
90 degrees) as a between-subjects factor at study and five views (-90, -45,0,45,90)
as a within-subjects factor at test. The results revealed no main effect of study view
but there was a significant interaction between study and test views. The results

supportedthoseobtained by Schyns& Bülthoff (1994) by again revealing an inverted
U shape performance for the full-face (0) images. In all conditions, performance

decreasedwith increasingangle of rotation, however, for the three-quarter-view (45°)
a peak in performance for the opposite three-quarter was also observed - the
symmetrical view.

These results appear to suggest support for both the `angle of rotation' hypothesis
proposedby Lui & Chaudhuri (2002) and the symmetry hypothesis.It appearsthat
when a face is rotated in depth by 90-degrees performance decreases sharply. Hill,
Schyns & Akamatsu (1997, Experiment 3) used more naturalistic stimuli (3D shape
and texture models) to examine this further. They found that the full-face and profile
views did not generalise well because the information contained in these views is very
different. For example, eyes and eyebrows look very different in a full-face view

compared to a profile view. Similarly, the results also revealed that generalisation
from a three-quarter-view did not depend on the test view. This again supports the
suggestionthat the three-quarter-viewis non-singular.

These results all suggestthat unfamiliar face recognition is viewpoint dependentand
that generalisationto novel views from only one view is dependenton the learning
view and not the testing view. More importantly, different patterns of viewpoint
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dependenceare observedfor different learned views. In particular, performance for
the full-face view appears to reflect an inverted U shape function. Similarly, while
generalisation performance for side views also decreasesslightly, there is often a peak
in performance for the opposite view - the symmetrical view. This suggests that
learning a side view of a face may result in better generalisation performance than

learning a full-face view.

Further researchhas attemptedto determine the best angle for learning. It has been
suggested (Troje & Bülthoff, 1996) that generalisation performance is greatest
somewhere between 20 and 70-degrees,but the best angle for learning view is
dependenton the type of stimulus used. When Troje & Bülthoff (1996) used more
naturalistic textured faces, they found optimal performance in the range of 25 to 40
degrees.

Movement
The results from the previous investigations suggest that when all views of a face are
presented at study, there is no difference in subsequent recognition performance
between a full-face and three-quarter view. Some of these investigations presented

different views in quick successionto give the appearanceof movement (e.g. Newell,
Chorizo & Valentine, 1999), or examined performance for a `live' target (Logie,
Baddeley & Woodhead (1987). While these studies did not specifically evaluate the
effects of movement on unfamiliar face recognition, the results from other studies

(e.g. Schiff, Banka & De Bordes Galdi, 1986; Bruce & Valentine, 1988; Pike et al,
1997) all suggestthat movement may help to build a more robust three-dimensional
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representationof the face. This is particularly important, as in a real-life situation a
witness will have viewed a previously unfamiliar moving face.

Encoding specificity
As viewing a moving face may lead to the encoding of three-dimensional, structural
information about the face, then composite construction may be more successful if
three-dimensional cues were available at test. While there was no difference in
performance for recognition

tasks when all views were presented, composite

construction is primarily a recall task. When new features are presented,witnesses
search their memory, extract information and decide whether the presentedfeature
`matches' the feature stored in memory. The process of recalling a face/feature,is
inherently more difficult than recognising a face, which may be facilitated by
familiarity

rather than conscious recollection.

Indeed, authors have noted the

reconstructivenatureof recall (e.g. Bartlett, 1932; Davies,Ellis & Shepherd,1978).In
particular, Davies et al (pg. 22) state that "Photofit making...becomesan act not of
reproduction but of reconstruction... ". Furthermore, Bartlett (1932) argued that stored
items could become combined at retrieval, resulting in the recollection of incorrect

information, thus suggestingthat successfulretrieval may be dependenton the cues
available at test. Indeed, the encoding specificity principle (e.g. Thomson & Tulving,
1970; Tulving & Thomson, 1973) states that retrieval will be more successful when
retrieval cues more accurately match those in the original encoded experience.

However, while the retrieval cues (i. e. features)in a composite will never accurately
match those in the original face, retrieval may be more successful when the cues
(features) are representedin a more three-dimensionalway i.e. in a three-quarterview.

57

Chapter 2: Multiple views from the samewitness

Presenting multiple views
As well as examining whether the type of information available at construction would
improve composite performance, this investigation also examined whether increasing
both the type and amount of information at test would serve to enhance performance
levels. Recent research (e.g. Bennet et al, 1999; Bruce et al, 2002) and chapter 3 of

this thesis has found that presentingvaried information at test increasesidentification
performance. In particular, combining composites from four different

witnesses

increasedidentification performanceabove the level observed for a single composite
(Bennet et at, 1999; Bruce et al, 2002; chapter 3). The results from these
investigations suggest that the combination of information from different witnesses

results in an image that is closer to the ideal image or prototype (e.g. Solso &
McCarthy, 1981;Bruce, Doyle, Dench& Burton, 1991;Homa et al, 2001). However,
one of the aims of this investigation was to examine performancefor the presentation
of different kinds of composite from the same witness. While the increase in
performanceof the combined compositesin the Bruce et al (2002) study, appearsto
reflect the combination of different memories, it is unclear whether performance
would still increase when different types of information are presented at test. For

example,two different views of the same personcan look very different and in fact
can look more different than images of different people presentedin the same view
(Hill et al, 1997). Therefore would the presentation of these different types of
information (i. e. a three-quarter view and full-face view composite) also result in
higher performancelevels?
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PROfit
In this investigation all composites were constructed using the PROfit composite
program (formerly known as CD-fit). PROfit is used by police forces around the
world (including the U. K) and is similar to its other computerised competitors (e.g. EFit). Features are displayed within the context of a whole face and can be resized and

shaped.This program also containsits own feature editing tool kit, a PROwarp tool
that allows for the manipulation of large areas of the image as well as individual

features (e.g. to create expressions),eleven different databasesand a wide choice of
features. For example the two female databases(full-face and three-quarter view')
that were used in this investigation both contain 343 hairstyles, 281 faces shapes, 214

eyes, 316 noses, 317 lips, 76 eyebrows and 51 ears.In order to create the databases
two photographswere taken of each volunteer - one at full-face and one at threequarter view. Four features were then taken from eachof thesephotographs.In order
to createthe `generation' procedure,every feature was given `anchorpoints' in order
to determine its location within the face and a three-digit identity code. When the
program is asked to generate a composite, it uses an index table to correctly identify
the full-face features and the corresponding three-quarter view features (ensuring that
matching features are used).

Aims

The main aim of this investigation was to examine the effectivenessof this new threequarter-view databasein PROfit. More specifically, Experiment 1 examined whether
`participant witnesses' could construct a more identifiable composite in a threequarter view compared to the standardfull-face view, after presentationof all views
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of a face. All target faces were presented on video and displayed equal amounts of all
views, in an attempt to emulate everyday interaction. As such, this experiment was
investigating whether composite performance would increase when the retrieval cues
were more similar to encoding (i. e. more three-dimensional). As stated earlier, while
face recognition studies have often failed to find a three-quarter advantage when all

views have been presented at study, composite construction is essentially a recall
task. Therefore, more accurately `matching' encoding and retrieval cues may facilitate

conscious remembering (recall) rather than familiarity

based judgements

(recognition). This experiment also examined performance for three-quarter-view
compositesthat had beenautomatically generatedfrom the full-face compositesusing
PROfit. While there are no ACPO (Association of Chief Police Officers) guidelines
prohibiting the construction of more than one composite, it is still current practice to
only invite a witness to construct one image. Examining automatically generated
composites should further enhance our understanding of any three-quarter-view
effect, because if a three-quarter-view acts as a more efficient retrieval cue then the
constructed composites should perform better than the automatically generated ones.

However, if automatically generatedcompositesperform well, either alone or with
their corresponding full-face composite, then it would still be possible for a witness to

only construct one composite. Experiment 2 examined whether the presentationof
both three-quarterand full-face view compositeswould increase performance above
the level achieved for a single composite. Experiment 3 examined the encoding
specificity principle in more detail. View at study was a between-subjectsfactor (fullface,three-quarterand all views) while constructionview (full-face and three-quarterview) was a within-subjectsfactor. That is, participantswere allocated to one viewing
This database displays composites at a ?0° angle, which is consistent with research (e. g. Troje & Bülthoff,
found optimal performance for recognition between 25° and 40°
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condition and were required to constructtwo compositesof the target (one in a fullface view and one in a three-quarter-view). At test, full-face and three-quarter-view
composites were presented alone and in pairs (i. e. one full-face and one three-quarterview that had been constructed by the same participant).

Experiment 1: Construction of full-face and three-quarter-view composites
The main aim of this experiment was to investigate whether participants could
construct a more identifiable composite in a three-quarter-view compared to a full-

face view, after presentationof all views of one target face. The targetswere female
membersof staff from the psychologydepartmentat the University of Stirling. In the
first stage of the experiment participants viewed a 30-second video clip of an
unfamiliar female target. They were then asked to construct two compositesof her
face from memory (one at full-face and one at three-quarter-view). In stage 2a further

set of three-quarter-view compositeswas automatically generatedfrom the full-face
composites. In stage 3, participants who were unfamiliar with the targets rated the
composites for likeness. In stage 4, participants who were familiar with the targets
attempted to identify the composites.

Stage 1: Construction of Composites

Materials
In this experiment target faces were taken from the same video and photographic
databaseused to create the female databasein PROfit. In order to create the new
databasetwo photographswere taken of each volunteer - one at full-face and one at
three-quarter view. As a maximum of four features were taken from each of these
photographs(the same features from each photograph),it was impossible to recreate
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the faces perfectly. Each feature was given `anchor points' in order to determine its
location within the face and a three-digit identity code. When the program is asked to
generate a composite, it uses an index table to correctly identify the full-face features
and the corresponding three-quarter view features (ensuring that matching features are

used).

Video frames were extractedand digitised without sound, using the Media 100 videoediting package.A thirty-second video clip was created for each target. Each clip
consistedof fifteen secondsof movement(rotating in chair from left to right: shaking
head from side to side, nodding up and down) and fifteen seconds of full-face view.

Compositeswere constructed using PROM (Windows version 3.0) on an ASUS HiGrade UltiNote AS8400 laptopcomputer.

Participants
Sixteen adults aged between eighteen and forty years were recruited from the
psychology department of Queen Margaret University
participants were unfamiliar

College, Edinburgh.

with the targets. Each participant

All

received a £10

payment.

Design
A4 (target) by 2 (construction view) mixed design was adopted, with target as a
between-subjectsfactor and construction view (full-face and three-quarterview) as a
within-subjectsfactor. Each participant viewed a thirty-secondvideo clip of one target
and constructedtwo compositesof the sametarget (one in a full-face view andone in
a three-quarterview) from memory. There were four targetsand sixteen participants,
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creating a total of thirty-two composites(8 per target). The order of constructionwas
counterbalanced so that eight subjects constructed a three-quarter-view composite
first and eight constructed a full-face view composite first. The result was that sixteen
full-face (4 per target) and sixteen three-quarter-view composites (4 per target) were

constructed.

The sixteen full-face compositeswere then used to generatea further set of threequarter view compositesusing PROfit. This created another sixteen compositesand
resultedin a total of forty-eight composites.SeeFigure 1 for an example and Stage2
for a description of the procedure.

Procedure
Each participant was asked to view a thirty-second video clip. The participant was not
initially told that they would have to remember this person. After the participant had

viewed the clip they were informed of the true nature of the experiment. The
procedure for the cognitive interview and construction of the composites was then
explained. As rapport building is an important aspect of the cognitive interview
procedure (prior to eliciting a description), the experimenter then chatted to the
participant about their interest/work etc in order for them to feel as relaxed and
familiar with their surroundings as possible. The total average (mean) time spent on

explanations and rapport building was 12 minutes. The participant was then
encouragedto close their eyes and visualise the face. For the first recall attempt (free
recall) they were askedto describe the featuresin any order and were encouragedto
describeeverything they could see,even if they thought it was irrelevant. The second
recall attempt was more structured in that the participant was askedto focus on each
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feature separately,starting at the top of the headand working their way down the face
slowly. If a third recall attempt was neededthe order was varied (e.g. starting at the
bottom of the face and working

upwards). If the participant

had omitted any

information, questions were then directed at these areas (e.g. Can you recall/describe
the shape of the mouth?). No questions were directed at features or aspects of features
that the participant had said that they could not recall. This description was then
database in PROfit.
entered into either the full-face or three-quarter view

PROfit is very similar to other computerisedcomposite systemsasit displays a small
facial shapedicon. A drop-down menu that provides a breakdown of eachpart of the
feature accompaniesevery feature in this icon. For example, when you click on the
face, the drop-down menu displays `face shape, chin shape, length, width, age,
fleshiness,forehead' etc. Within eachof thesecategoriesthere are a range of options.
For example, for `face shape' the options are `oval, round, triangular, square and
angular'. If a descriptor did not match the word(s) the participant had usedto describe
that feature, then the participant chose the descriptor that they felt was the closest
If a participant did not recall a
alternative. The experimenter offered no advice.

feature or aspectof a feature e.g. size of eyes,then the `average'option was entered.
Where this was not possible, no descriptorwas chosen.

When thefull CI elicited descriptionhad beenenteredinto PROfit, the participant and
facial likeness, by viewing chosen
experimenter worked together to produce a
features, selecting alternative features and editing both features (e.g. changing size,
shape,shadeetc) and configuration. All featureswere edited using the tools available
in PROfit. If further alterations were needed(e.g. highlights, shadows,laughter lines)
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the composite was exported into Adobe Photoshop 7. Construction of the composite
ceased when the participant was either confident that the image represented a good
likeness of the target, or they could not make any further changes.

On completion of the first composite, the description that was elicited from the
cognitive interview was then used to construct the secondcomposite (i. e. the same
description that was used to construct the first composite). The description was
enteredinto the secondPROfit database(either full-face or three-quarter view). Both
databasescontain the samefeaturesbut they are not in the same order, so this ensures
that the participant cannot simply choosethe same features, thereby replicating the
first composite in a different view. The participant and experimenter then worked
together to construct the second composite. No suggestions were offered during
construction of this second image. No time limit was placed on this procedure,
however the total averagetime to conduct the cognitive interview and construct both
compositeswas 90 minutes.

Stage2: Automatic generationof three-quarterview composites
A further set of three-quarter view compositeswas automatically generatedfrom the
full-face composites.In order to generatethe image the program usesan index table
to ensurethat matching features are used. However, any alterations that are made to
the full-face composite by the witness are not `transferred' to the automatically
generatedimage. As a result, a detailed list of all alterations was kept by the operator
and eachgeneratedcompositewas then alteredin exactly the sameway asthe original
full-face composite, for example if the fringe had been removed on the full-face
image it was removed on the generatedimage. This procedurecommenced when all
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of the compositeshad been constructedand was repeated for all sixteen full-face
composites, see figure 1 for an example. The participants were not present during this
process.
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Figure 1: Composite example

Stage 3: Likeness Ratings

Materials
Full-face and three-quarter view compositeswere presented alone. Each composite
was presented with monochrome photographs depicting the target in both views (one
in full-face and one in three-quarter view). This ensured that as much information as

possible was available for the task. All images measured 13cm in height. The
photographs were edited using Microsoft Photo Editor to ensure that brightness and
contrast were constant.

Participants
Forty unpaid participants were recruited from Queen Margaret University College and
local Tesco supermarkets. All were unfamiliar with the targets.

Design
Unfamiliar participants rated the composites for likeness on a scale from one (low) to
ten (high). The composites were divided into two books each containing twenty-four
composites (8 full-face, 8 constructed 3/4view and 8 generated composites). Each

66

Chapter2: Multiple views from the samewitness

participant saw only one book, with twenty participants rating the composites in book

one and twenty rating the compositesin book two. Each composite was printed on a
single sheet of A4 paper and displayed with two monochrome photographs of the
target (one full-face and one three-quarter view, printed side by side on a separate
sheet of A4 paper). Presentation order was randomised.

Procedure
Each participant was told that the compositeswere constructed after a `participant
witness' had only seen the target face for 30 seconds. It was stressed that the
compositeswere constructedfrom memory and that they representeda likenessof the
original target.Each participant was then informed that his or her task was to rate how
good the likenesseswere. They were asked to study each set of images (composite
and photographs)and rate the compositesfor likeness on a scale of 1 (low) to 10
(high). This was repeatedfor all twenty-four composites.No time limit was placed on
this procedure.

Results

The highest likeness ratings were achieved for the three-quarter view composites
(mean = 4.1, s.d.=0.95) followed by the full-face composites(mean=3.8, s.d.=1.27)
then the generatedthree-quarterview composites(mean=2.51,s.d.=0.89). A4 (target)
by 3 (type of composite)repeatedmeasureanalysis of variance revealed a significant
effect of type of composite(F (2,78) = 36.413p<0.01), a significant effect of target (F
(3,117) = 33.939 p<0.01) and a significant interaction (F (6,234) = 9.139 p<0.01).
Further analyses on type (paired-samples t-tests) revealed that there were no
significant differencesbetweenthe full-face and three-quarterview composites(t (39)
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=1.595 p>0.05). However there were significant differences between the full-face and
generated composites (t (39) = 6.555 p<0.01) and between the three-quarter view and
generated composites (t (39) = 8.058 p<0.01). Further analyses on each target (oneway repeated measure anovas and paired-sample t-tests) revealed that for three out of
the four targets, the generated composites performed significantly

poorer than both

the full-face and three-quarterview composites(p<0.01 for all). Interestingly, for one
target (target 1), the three-quarter-viewcompositesperformed significantly better than
the full-face composites (t (39) = -5.027 p<0.01). However, one target performed at

floor level across all conditions. It is unclear why this target performed poorly in all
conditions. The pattern of verbal descriptionsfor thesetargets is examinedin chapter
4 and this revealsthat the amountand type of descriptorsrecalled for target 2 did not
differ significantly from the other three targets, suggesting that participants could
describe this face well. Therefore, the poor quality of the composites may have
reflected difficulty in translating the description into a pictorial representation.

To examine any possible effects of construction order, the mean ratings were
calculated for each participant's composites. A paired samples t-test revealed no

effect of order of construction(t (15) = 0.844, p=0.4). In addition, as this experiment
used targets that were representedin the PROfit database,the frequency of `correct'
feature choices was examined (i.e. featuresoriginally taken from the targets). As the
frequencieswere very low, they were not subjectedto formal analyses.The number of
featuresthat were correctly chosenoverall were ears (2), nose (2), eyes (3), hair (5).
No single participant chose more than one correct feature and the frequency of
`correct' choices did not differ between the different views. In addition, choosing a
`correct' feature did not increaseperformanceof the composite.
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Stage4: Identification
Participants
Thirty-two members of staff from the department of psychology at the University of
Stirling. All participants were familiar with the target faces.

Design
Participants who were familiar with the targets were asked to identify the composites.
To avoid priming effects, each participant was presented with only one composite for
each target. Twelve books were constructed, each containing one type of composite
for each of the four targets. Each participant saw only one book (i. e. four composites).

Procedure
Each participant

was informed

that the composites were constructed after a

`participant witness' had only seen the target face for 30 seconds. It was stressed that
the composites were constructed from memory and that they represented a likeness of
the original target. Pilot work with non-specific instructions led participants to assume
that the targets were famous rather than familiar. Therefore it was necessary to change
the instructions and participants were told that the composite represented someone

from the psychology department. A better method may have been to say that the
targets were personally familiar to the participants. However, they may still have
While these instructions
assumedthat the targets were membersof the department.
decreasedthe number of possible targets, the total number of targets (i. e. women
working in the department)was still at least thirty-six. Participants were encouraged
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to provide a name or some identifiable semantic information about the person. On
completion, participants were told who the targetswere.

Results
Equivalent rates (% of participants correctly identifying composites) were found for

the full-face composites(23% correct with 9% false positives), and the three-quarter
view composites (22% correctly

identified with 9% false positives), with the

generatedcomposites performing more poorly (13% correctly identified and 28%
false positives). The data was collapsed across targets and a Friedman test was
conducted on the hit rate. This revealed that there were no significant differences

(X2=1.55;df=2 p>0.05) betweenthe different typesof compositealthough the trend is
clearly in line with the rating scores.

Discussion
The results from this experiment did not show a three-quarter view advantage,but
instead revealed that the three-quarter view composites performed as well as the fullface composites. Interestingly,

these results are similar

to those obtained for

recognition tasks (e.g. Hill, Schyns & Akamatsu, 1997; Schyns & Bülthoff, 1994).
These studiesalso demonstratedthat when all views were presentedat study, no one
view was preferredat test. The results from this investigation suggestthat participants
may have been exposed to enough `instances' of each view at study, to ensure
successful generalisationto both views at construction. Therefore, a three-quarterview composite is as good as a full-face composite when all views have been
presented,but not better. Encoding specificity and viewpoint dependency will be
explored in more detail in experiment 3.
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Whereasexperiment 1 asked whether constructing an image in a three-quarter-view
could increase composite performance, experiment 2 examines whether adding an
additional image (three-quarter-view) at test would serve to increase performance
above the level observed for a single full-face image. Stage 1 examined performance

for full-face and three-quarter-view compositesthat had both been constructed by
`participant witnesses'. Stage2 examinedperformancefor full-face and automatically
generatedthree-quarter-viewcomposites(i.e. generatedfrom the full-face composites
using PROfit).

Experiment 2: Presenting multiple views
Stage 1: Presentingfull-face andthree-quarter-viewcomposites
Participants
Thirty-two

participants were recruited from the psychology department at the

University of Stirling. They consisted of third and fourth year psychology students
and three members of staff. All participants were familiar with the targets.

Design
The aim of this experiment was to examine whether adding an additional image (a
three-quarter-view)

would

increase performance.

From

the ratings

given

in

experiment 1 it was possible to determine the highest rated (best) and intermediate
rated (average) full-face compositesfor each target face. The full-face composites
were shown alone and with their correspondingthree-quarterview (i. e. the one that
was constructedby the sameparticipant). This createda total of sixteen composites(4
best and 4 intermediate at full-face alone and 4 best and 4 intermediate at full-face
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and three-quarter view together). Participants were shown one type of composite of
each of the four targets.

Procedure
Participants were approached and asked to attempt to identify the person depicted in
each of the four composites. No participant had taken part in experiment 1. The
procedure was identical to the identification procedure in stage 3 of experiment 1.

Results
The mean percent correct identifications are summarised in figure 2.
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Figure 2: Percentage correct identifications

per condition

The data was collapsed across target and a Cochran's Q test revealed that the full-face

and three-quartercompositesshown together were identified significantly more often
than the single full-face composites(Q = 8.43, df =3 p<0.05). Further analysis using
Mcnemar tests revealed that there were significant differences between the
intermediate rated full-face and full-face & three-quarter composites (p< 0.05), but

not betweenthe best composites(p> 0.05). In particular, the intermediate composites
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displayed a marked increasejumping from 19% correct identifications for the single
full-face to 53% when both views were presented. The best composites increased
from 28% for the single full-face to 37% when both views were presented.

These results indicate that there is a benefit for presenting two views rather than one.

However, as the presentationof both views was determinedby the quality of thefullface composites(best & intermediate) is this effect due to just `adding in' a better
quality three-quarter-view composite? To examine this, the overall mean likeness
ratings for the best and intermediate full-face composites were compared with the
overall mean ratings for the correspondingthree-quarter-view composites (i.e. the
ones that were presented with the full-face composites). A paired-samplest-test
revealedthat there were no significant differences(p = 0.606). Therefore, the benefit
for presenting two views was not due to adding a better quality composite. Instead,
the results appearto support previous research (e.g. Bennet et al, 1999; Bruce et al,
2002) by indicating that presenting more information improves the identification of
composites. As presenting two views appears to increase performance when the same
witness has constructed both composites, the next experiment examined whether

performance would also increase when full-face composites were presented with
automatically generated three-quarter-views (i.e. generated from the full-face
compositesusingPROfit).

Stage2: Presentingfull-face and `automatically generated'three-quarterviews
Materials
An identification task was not undertakendue to the limited number of participants
who were familiar with the targets. Instead, a six alternative forced-choice task was
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undertaken. To create the arrays, five distractors were chosen for each of the four
target faces. These were chosen on the basis of the verbal descriptions given in stage I
of experiment 1. These descriptions were often extensive and varied, so distractors
were matched only on information concerning hair, face shape and age. These were
presented with the target as black and white photographs on a single sheet of A4

paper. Microsoft Photo Editor was used to ensurethat brightness and contrast was
consistent. See figure 3 for an example of arrays.
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Figure 3: Example of arrays

Participants
Forty-eight participants aged between 17 and 50 years were recruited from local
businesses in Edinburgh. All participants were unfamiliar with the targets. No
participant had taken part in any earlier experiments.

Design

The samebestand intermediaterated compositeswere used.The full-face composites
were shown alone and with both the corresponding three-quarter view and generated
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composites.There were twenty-four compositetypes in total (8 full-face, 8 full-face
and constructed three-quarter and 8 full-face and automatically generated three-

quarter). Each participant was shown one type of composite for each of the four
targets. Each composite type was presented with an array of six black and white
photographs (one of the target and five distractors). This method was used as a way of

assessingthe quality of the compositesand was not designedasa formal `line-up'.

Procedure
Participantswere shown a line-up of six photographstogether with a set of composite
images.They were told that the compositesrepresenteda likeness of the target and
that both compositesrepresentedtwo views of the sameperson. Participantswere told
that the target may or may not be in the array. They were asked to examine all of the
imagesclosely and to indicate whetheror not they thought the target was in the array.
If they thought the target was present, participants were asked to point to the
appropriatephotograph.This was repeatedfor all four targets.

Results

The overall percentagecorrect matcheswere 52% for the single full-face composites,
73% for the full-face with 3/aview composites and 42% for the full-face with
generatedcomposites.A Friedman test revealed that the observed differences were
significant, (X2 (2,48) = 7.078 p<0.05). Further analyses using Wilcoxon Signed
Rank testsrevealedthat there were significantly more correct matchesfor the full face
& three-quarter view composites, compared to the full-face and automatically
generatedcomposites(p<0.05). The difference betweenthe full-face and three-quarter
and the single full-face composites did not quite reach significance (p= 0.068),
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although the trend is clearly in line with the results obtained in stage 1. In addition,
there were no significant differences between the single full-face and the full-face and

generated composites (p=0.369). Furthermore, there was an almost significant
reduction in performance for the best (highest rated) full-face composite when an
automatically generated three-quarter-view composite was presented alongside it

(p=0.059). Similarly, the best full-face and three-quarter-viewcomposites(presented
together) performed almost significantly better than the full-face and generated
composites(presentedtogether)(p=0.090).

These results therefore suggest that while there appears to be a benefit for presenting

two views, this benefit is only apparent when the composites have actually been
constructed. The automatically generated composites performed poorly when
presented alone and when presented with the full-face composites. These results
suggest that a three-quarter-view composite does act as an efficient retrieval cue, as
performance is significantly

better for the constructed three-quarter composites

compared to the automatically generated images. The results also suggest that just
presenting more information does not facilitate increased performance at test. Instead,
these results provide supporting evidence for the presentation of different types of

information, as reportedby Bennet et al (1999), Bruce et al (2002) and chapter 3 of
this thesis.

The resultsfrom Experiment 1 revealedthat a three-quarter-viewperformed as well as
a full-face view when all views were presented at study. This is line with face
recognition research(e.g. Hill, Schyns & Akamatsu, 1997; Schyns & Bülthoff, 1994).
The following experiment examined the effect of encoding specificity in more detail.
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Participants were allocated to one of three encoding conditions (full-face, threequarter-view or all views). They were then askedto construct both a full-face and a
three-quarter-view composite of the same target.

Experiment 3: Encoding Specificity
Stage 1: Compositeconstruction
Materials

Four females from a different university (Queen Margaret University College,
Edinburgh) agreed to act as targets in this experiment. Each target was videotaped
individually using a Sony Hi8 camcorderfor approximately three minutes. They were
askedto sit in a chair and conversewith an experimenterwhile both looking straight
aheadand moving (rotating in chair from left to right: shaking headfrom side to side,
nodding up and down). Three thirty-second video clips were then created for each
target. The first clip displayed the target looking straight-ahead(full-face condition),
the second clip displayed the target at a thirty degree angle (three-quarter view
condition) and the third clip displayed equal amounts of the previous two conditions
(15 seconds looking straight ahead and 15 seconds of movement: the all view
condition). Frames were extracted and digitised without sound, using the Media 100
video-editing package. Targets were also photographed using a Digital Olympus C-

900 camerain two different positions (full-face and three-quarterview).

Participants
Twenty-four adults aged between eighteen and forty years were recruited from
Stirling University. All participants were unfamiliar with the targets.Each participant
received a £10 payment.
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Design
A4 (target) by 3 (encoding view) by 2 (construction view) mixed factorial design was
adopted, with target and encoding view (full-face, three-quarter view and all views) as
between-subject factors and construction view (full-face and three-quarter view) as a
within-subjects factor. Each participant saw one viewing condition (full-face view,
three-quarter view, all views) of one unfamiliar target. They were then asked to
construct two composites of that target, one in a full-face view and one in a threequarter view from memory. There were six participants for each of the four targets,
ensuring that for every target two participants saw the target in a full-face view, two
saw the target in a three-quarter view and two saw all views of the target. This created
a total of 48 composites; 12 per target. Target order was randomised and construction
order was counterbalanced.

Procedure
The procedurefor compositeconstruction was identical to the procedurein stage 1 of
experiment I.

Stage 2: Likeness Ratings
Materials
Each full-face and three-quarter view composite was presented with monochrome
photographs depicting the target in both views (one in full-face and one in threequarter view). All images measured 13cm in height. The photographs were edited
brightness and contrast were constant.
using Microsoft Photo Editor to ensure that
Each composite was printed on a single sheet of A4 paper and displayed with two
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monochrome photographsof the target (one full-face and one three-quarter view,
printed side by side on a separate sheet of A4 paper).

Participants
Twenty-two

participants aged between 18 and 45 years were recruited from the

University of Stirling. Participants had not taken part in any of the previous
experimentsand all were unfamiliar with the targets.

Design

Unfamiliar participants rated the compositesfor likenesson a scale from one (low) to
ten (high). All forty-eight composites were randomly ordered in one presentation
book. Presentationorder was randomised.

Procedure
This procedure was identical to the likeness rating procedure used in stage 3 of
experiment I.
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Results
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Figure 4: Mean ratings for full-face and three-quarter-view composites

The mean ratings for the full-face and three-quarter view composites are summarised

in figure 4. A2 (type of composite- full-face, 3/a)by 3 (encoding view - full-face, 3/a,
all views) repeated measure analysis of variance was conducted. This revealed a
significant effect of type (F (1,21) = 5.356 p<0.05), an effect of view (F (2,42) =
19.242p<0.01) and a significant interaction betweentype and view (F (2,42) = 16.187
p<0.01). Further repeated measuresanovasrevealed a significant effect of view for
both the three-quarter view composites(F (2,42) = 5.024 p<0.05) and the full-face
composites(F (2,42) = 32.208 p<0.01). Pairwise comparisonsusing paired samplesttests revealed that for the three-quarter view composites there were significant
differences between the all view condition and the full-face condition (p< 0.05) and
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between the three-quarterview and full-face condition (p < 0.05). For the full-face
composites there were significant differences between the all condition and both the
three-quarter view (p< 0.01) and the full-face condition (p<0.01).

More importantly figure 4 does reveal a moderateencoding specificity effect. The
three-quarter view composites performed significantly better than the full-face
composites when the target was seen in a three-quarter view (p< 0.05). However,
while the full-face composites appearedto perform better when constructed after
viewing the targetin full-face (mean= 3.7), comparedto viewing the target in a threequarter-view (mean = 3.59) this difference was not significant. Similarly, the full-face
composites performed significantly better than the three-quarter view composites
(p<0.01) in the all view condition.

These results provide initial support for the encoding specificity principle by
suggestingthat presentingthe sameview at study and test is better than introducing a
different view at test. However, they also suggest that presenting as much information
as possible is even better. Taken together, the results from experiments 1,2 and 3

indicate that then you have seenall views of a face and only construct one composite,
it doesn't matter whether you construct a full-face composite or a three-quarter-view
composite, as both perform equally well (although experiment 3 all view condition
appears to be an exception here). The results from experiment 2 suggest that
constructing two views of the samepersonmay be preferable, as there is a significant
increase in performance when both views are presented at test. The results from
experiment 3 also show that performance is good for both the full-face and threequarter-view composites when all views of the face have been seen. However, the
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results also indicate that if you have only seen a face in a three-quarter-view, it is

better to constructa three-quarter-viewcomposite.

Stage 2: Array Task
Materials

Target absentand target presentarrays were constructedfor each of the four targets.
The target absent arrays contained monochromephotographsof six similar looking
females. The target present arrays contained one monochrome photograph of the
target and five distractor photographs.The samedistractors were used in both arrays.
Due to inconsistenciesin the verbal descriptionsgiven by participants the faceswere
matched visually for hairstyle/colour, face shape and approximate age. All images
were standardisedfor height (7cm) and were presentedon a single sheet of A4 paper.
Microsoft Photo Editor was used to ensure that brightness and contrast were
consistent. Four different sets of arrays were constructed (target present full-face

view, targetpresent3/4view, target absentfull-face view and target absent3/aview).

Participants
Two hundred and eighty eight participants aged between 18 and 55 years were
recruited from cafeterias and student unions at both the University of Glasgow and
Queen Margaret University College, Edinburgh. Participants had not taken part in any

of the previous experimentsand all were unfamiliar with the targets.

Design

As eachparticipant had constructedtwo compositesof one target (one compositein a
full-face view and one composite in a three-quarter view), each composite was
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presented alone and with its corresponding partner as a `pair' (i. e. the full-face and
three-quarter-view composite that had been constructed by the same participant were
presented together). There were 48 single composites and 24 `pairs'. All composites
were presented with both target present and target absent arrays. View was held
constant i. e. three-quarter view composites were presented with three-quarter view
arrays and full-face composites were presented with full-face arrays. This created a
total of 144 presentations (48 single composites and 24 `pairs' of composites
presented with both target present and target absent arrays). Careful consideration was
given to array view for the pairs. As each pair contained one full-face composite and
one three-quarter-view composite, the optimum array would contain both views.
However, this was not possible in this experiment and as an advantage for presenting
both views had previously been found in experiment one using full-face arrays, this
procedure was adopted here. To ensure that each participant only saw one composite
for each of the four targets, thirty-six separate presentation books were constructed.
Each book was balanced for type of composite, initial encoding view and array type.

Procedure
Participants were told that the composites were constructedfrom memory and that
they representeda likeness of the original target. They were told that when they saw
two composites, these representedtwo views of the same person. Participants were
imagesclosely and were told that the target may or may
askedto examine all of the
not be in the array. They were askedto indicate whetheror not they thought the target
was in the array. If they thought the target was present, participants were asked to
point to the appropriatephotograph.
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Figure 5: Mean no of correct matches (hit rate and correct rejections) for full-face, threequarter-view and both composites presented together

Figure 5 displays the percentageof correct matches for both target present arrays
(hits) and target absent arrays (correct rejections). As can be seen, the same pattern of

performancewas obtainedin both experiments2 and 3. Presentingboth views appears
to be better than presentinga single view (experiment 2) and it is better to constructa
three-quarter-viewcomposite when you haveonly seena face in a three-quarter-view
(experiment 3 likeness ratings). Although the design of this experiment lent itself to
parametricanalyses,as the data was categorical (O=incorrectmatch, 1=correct match)
non-parametric tests were used. The data was initially collapsed across target and
encoding view and a Friedman test was conducted on the overall hit rate. This
revealed significant differences (X2=6.049; df=2 p>0.05). Further analyses using
Wilcoxon Signed Rank tests revealed that when both composites were presented
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performance was significantly better than the single full-face composites(p< 0.05).
The presentationof both compositesappearedto perform better than the presentation
of a single three-quarter-viewcomposite,however this difference did not quite reach
significance (p=0.083).

A Cochran's Q test on the no of correctmatchesby type and view revealedsignificant
overall differences (Q = 22.688, df =8 p<0.05). Further tests by individual type of
composite revealed significant differencesfor the full-face composites(Q = 11.806,
df =2 p<0.05). Pairwise comparisonsusing Mcnemar tests revealed that the all view
condition was significantly higher than both the three-quarter-viewcondition (p<0.05)
and the full-face condition (p< 0.05). No significant differences were observed for
the three-quarter-view composites, however the difference between the full-face
condition and the three-quarter view condition almost reached significance (p=
0.065). Similarly, no significant differenceswere observedfor both composites.

There were no significant differences in false positives for both the full-face and
three-quarter view composites(X2=2.339; df=5 p>0.05). For the full-face condition
there were 33% false positives for the full-face composites,37% for the three-quarterview composites and 37% when both composites were presented. For the three36% false positives for the full-face
quarter-view encoding condition, there were
34% when both views
composites, 38% for the three-quarter-view composites and
were presented. For the all view encoding condition, there were 44% false positives
for the full-face composites, 30% for the three-quarter-view composites and 36%

when both composites were presented. Presenting both composites resulted in
significantly more false positives when a full-face had been encoded (p<0.05 for
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comparisons with both single full-face and single three-quarter-view composites).
However, when a three-quarterview had been encoded presenting both composites
resulted in fewer false positives, although this difference did not quite reach
significance (p = 0.056 for both comparisons).

Figure 5 displays a similar pattern to the likenessrating data in figure 4. In the threequarter encoding condition the three-quarterview composites again perform better
than the full-face composites,although this time the difference does not quite reach
significance (p = 0.059). However, the moderatebenefit for the full-face composites
in the full-face encoding condition has disappeared (p> 0.05).

In the all view

condition there are no significant differencesbetween the full-face and three-quarterview composites.

The results from both the rating and array tasks indicate that performance will be
better when a `participant witness' hasencodedall views of a target face. While there
is no increasein performancefor the three-quarterview composites,performance is
still high and there is a marked increasein performancefor the full-face composites.
The results also suggestthat when a `participant witness' has seen a face in a threequarter-view, performance will be better when a three-quarter-view composite is
constructed. Interestingly, the results suggestthat when a full-face view has been
full-face composite is constructed.
encoded, performance will be low when a

The performance of the three-quarter-viewcompositesin the three-quarter encoding
condition provides initial supportfor the encodingspecificity principle. However, the
full-face composites does not. Furthermore, the similar
performance of the
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performance of the three-quarter-view compositesin both the three-quarter and all
view encoding conditions indicates that similar information was encoded from both

presentations.This may provide support for the symmetry argument proposed by
Poggio & Vetter (1992) who state that learning one view of a bilaterally symmetrical

object can be sufficient to generaliseto other views. As a face is generally bilaterally
symmetrical, then a side view (the symmetrical view), which is non-singular, may
contain enough information to generaliseto other views (Hill, Schyns & Akamatsu,
1997;Schyns & Bülthoff, 1994).

The results from experiment 1 are also supportedby this researchby indicating that
when all views of a face are presented,no one view is preferred (similar results were
obtained by Hill, Schyns & Akamatsu, 1997 & Schyns & Billthoff, 1994). However,
if the symmetry argumentwas correct, then performancefor the full-face composites
should have been higher when a three-quarter-viewhad been encoded.However, the
results for the full-face composites are generally supported by the symmetry
argument. While the results for the ratings task provided initial support for the
encoding specificity principle by indicating that full-face composites were better
when a full-face had been encoded,this difference was not significant. Furthermore,
the results from the array task in experiment 3 revealedthat performance for the fullface and three-quarter-view composites was low when a full-face view had been
encoded.

Therefore, severalpatternsof viewpoint dependencehave emerged when generalising
from a single view. When a face has only been seenin a three-quarter-view,it is
better to construct a three-quarter-viewcomposite. When a face has been seen in a
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full-face view performance is low for both full-face and three-quarter-view
face have been encoded, composite
composites. However, when all views of a
performance is equally good in both views.

In addition, experiments 2 and 3 both suggest that when more information is provided

at test, performance increases.This increasedperformance for presenting two views
of a face is only observed when both composites have been constructed, as
performancedecreaseswhen one of the compositeshas been automatically generated.
This supportsprevious research(e.g. Bennetet al, 1999; Bruce et al, 2002; chapter 3)
by suggestingthat the presentationof varied information increasesidentification. The
experiments in chapter 4 examine the presentationof differing types and amountsof
information in more detail. In particular, these experiments have found that simply
presenting more information does not serve to increase identification (i. e. the
presentationof more than one compositeby the same participant in the same view).
This may explain the poor performance for presenting a full-face composite with a
very similar

automatically

generated three-quarter-view.

While

the generated

composite was presentedin another view, it contained the same information as the
full-face composite.

To conclude,when a witnesshas seena side view of a suspectthe results indicate that
a three-quarter-viewcomposite should be constructed.However, while standardfullface composites perform well when all views of the face have been encoded, care
should be taken when a personhas only seena face in a full-face view, ascomposites
in both views achieved low levels of performance when a full-face view had been
encoded.The results also indicate that it would be beneficial for a witness to construct
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two compositesof a suspect,one in full-face view and one in a three-quarter-view.
This seemsparticularly important when a witness has only seena full-face view. As
the main aim of this investigation was to examine the effectivenessof a new threequarter-view database in PROfit, it can be concluded that this database is a useful and
beneficial aid, in increasing the recognition and identification of composite images.
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Chapter 3: Combining Composites

3
Multiple Composites from Multiple Witnesses
Chapter 2 examined whether composite performance would increase when two

different compositesfrom the same witness were presentedtogether. In contrast, this
chapter examinedwhetherthe use of compositesfrom multiple witnesseswould serve
to increaseperformance.Compositesare quite often used in large scale casese.g. the
Jill Dando and Yorkshire Ripper investigations, and as a result there may be several
eyewitnesses. However, until very recently the ACPO (Association of Chief Police
Officers, 1999, pgll)

guidelines have stated that "Where there is more than one

witness to a single incident, each witness should be assessedindividually on their
level of recall to produce a composite image. One image should then be produced
using a witness with good recall. The remainderof the witnessescan then be kept for
other formal meansof identification".

This statementlimits the number of compositeconstructionsto one, and also implies
that it is possible to identify the witness with the most accuraterecall. Limiting the
amount of composites may not necessarily be problematic if the `best' witness
constructsthe image. However, how do you know which witness is the best witness
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The above statementsuggeststhat `good' recall is an indicator of eyewitnessaccuracy
and further statements expand on this (ACPO guidelines pg. 's 9-10) "It is essential

that the witness has seen the suspect'sface and is able to visualise or describe the
facial features.The witness must have a clear mental image of the personand more
importantly can visualise or describe, however simply, the facial features to be

reproduced...". This suggests that the witness's ability to construct a `good'
composite is dependenton their ability to recall the facial features. However, an
investigation into the possiblerelationship betweenverbal descriptions and composite
construction is reported in chapter 4. No reliable relationship between amount of
verbal description, accuracy of descriptions and composite quality could be found.

Therefore the quality of the verbal description seemsto be an unreliable indicator of
eyewitnessperformance.

Implicit in this guideline is the reliance on eyewitnessconfidence. It is statedthat a
witness should be able to "visualise" OR "describe" the face. Therefore, there is a
reliance on a witness's self reported measure of accuracy and confidence. The
guidelines state that "A witness being confident that they could identify the suspect
again is recognition. This is NOT the same as being able to confidently recall the
facial features,without which a compositecannot be constructed" (pg10). Therefore,
a composite will not be constructedunlessa witness is confident that they can recall
the facial features.However, numerousstudieshave indicated that confidence is not a
reliable indicator of eyewitnessaccuracy (e.g. Sporer, Penrod, Read & Cutler, 1995).
Other factors such as personality and intelligence have also failed to predict
eyewitnessaccuracy (e.g. Loftus, Levidow & Duensing, 1992). Consequently,there
appearsto be no formal method, at present,of identifying the best witness. As a result
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there is no way of knowing which witness will

construct the most identifiable

composite.

As there is no way of determining whether a witness will produce a `good' quality
composite, one solution may be to invite more than one witness to construct a facial

likeness. However, the recent ACPO guidelines state that "The production of a
compositeimage with multiple witnessesmust not be attempted,as this will amount
to cross contamination of each witness's primary memory" (1999, pgl 1).
Nevertheless,while this statementappearsto statethat witnessesshould not construct
a composite `together', it does not appearto preclude the construction of individual
compositesby multiple witnesses.

Presenting Multiple

Composites

Bennet, Brace, Pike & Kemp (1999) were the first researchers to examine whether the

presentationof multiple compositeswould increaseidentification performance.They
asked 8 `participant witnesses' to view a `live' simulated crime (person stealing a
camera from a car). The witnesses were exposed to the target for 1 minute and saw his

face in all angles. After a short interval (10 minutes) the participants gave a verbal
description (elicited by Cognitive Interview techniques)and constructeda composite
of the target with an E-FIT operator. At test, both quality and number of composites
were manipulated.Firstly, all compositeswere presentedto the original witnesses(the
ones that had constructedthe composites)and they were askedto rank all composites
in order of likeness.This permitted the identification of the `best,averageand worst'
composites.Secondly,a further group of participantswere askedto examine the eight
compositesandchoosethe four that most resembledeachother. The imageswere then
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presented to a group of participants who were familiar with the targets. These
participants saw all eight composites, four similar composites and a single composite.

Participantswere asked to try to identify the persondepicted in the composites.The
results indicated that performance increased when composites from

multiple

witnesses were presented. In particular, presenting four similar composites yielded the

highest performance (42% correct identifications) followed by the presentationof
eight composites (29% correct identifications) with the single composite yielding the
lowest performance (13% correct identifications). Further investigation manipulated
the quality of the four composite condition. This revealed that the presentation of the
four worst composites still performed better than either the single or the eight

compositecondition.

This investigation indicates that performance is best when four composites are
presentedbut that performancedecreaseswhen this number is increased.The authors
suggestedthat performance for the eight composite condition may have been lower
because this condition

contained the best and worst composites.

presentation of four poor quality

While

the

composites performed better than the other

conditions, it may be that when different quality composites are presentedtogether
identification becomesmore problematic. If the quality varies greatly the composites
may essentiallyresembledifferent people.

Combining Composites
Compositesfrom multiple witnesseswill invariably range in quality. Some witnesses
may construct a good likeness of the target, while others may construct a very poor
image. As presentingdifferent quality imagesat test may affect performance,one way
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to counter this would be to combine the compositesto produce a `new' image. This
was investigated by McNeil et al (1987). They asked two groups of participants to
construct Identi-Kit composites both immediately after viewing a `live' target and at a
three-week delay. New `modal' composites were then constructed by selecting the
most frequently chosen features. All composites were rated for likeness against a

black and white photographof the target, on a scalefrom 1 (poor likeness) to 8 (very
good likeness). The results revealed that the new `combined' compositesperformed
better than the single Identi-Kit images in all conditions. While these results indicate

that performance increaseswhen information from multiple witnessesis combined,
the `modal' method of combining information would be extremely difficult to adapt to

a new computerisedsystem such as PROfit. Composite construction with a system
such asPROfit permits greaterability to manipulateboth featural and configurational
information, as well as enhancingimageswith paintwork. Therefore, if more than one
witnesschosethe sameinitial feature (e.g. nose), it is unlikely that the featureswould
look exactly the samein the final composite.Consequently,combining information in
this simple way would be impossible.

A more effective way of combining information from multiple witnessesmay be to
just `merge' or `morph' the compositestogether. Bruce et al, (2002 Experiment 1)
examined performancefor morphed composites.In this investigation each participant
was asked to construct a composite of two different targets.The first composite was
image presentand served to familiarise participants with
constructed with the target
the construction procedure. Participants then constructed a second composite of a
different target from memory (after a 30-secondexposureto target photograph).Half
of the targets were famous and half were unfamiliar. Construction order was
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counterbalancedsuch that half of the participantsconstructeda compositeof a famous
target first and half constructed a composite of an unfamiliar target first. Combined
from two different witnesses
composites were then created by morphing composites
(2-Morphs) and four different witnesses (4-Morphs). Performance for both individual
and morphed composites was initially assessedby likeness ratings (1-low to 10-high).
The overall results revealed that the highest performance was obtained for the 4-

Morphs, followed by the 2-Morphs, with the individual composites yielding the
lowest performance rate. The best and worst composites were identified from the
likeness ratings and these were comparedwith the 4-Morph and the set of four (all 4
compositespresentedtogether) for each target. A six alternative forced-choice array
task was employed and the overall results revealedthat the 4-Morph performed better
than the set of 4 condition. However, for the more ecologically valid condition, where
participants constructed composites of an unfamiliar target from memory,
performancewas low and did not differ significantly betweenconditions.

While this researchprovides further support for the presentationof compositesfrom
multiple witnesses,it is unclear whether the use of morphed composites would be
forensically valid condition. Therefore,
particularly advantageous in a more
experiment 1 of this chapter extended this researchby examining performance for
morphedcompositeswith a more ecologically valid method.

Composites as Prototypes?
The investigations by Bennet et al (1999), McNeil et al (1987) and Bruce et al (2002,
experiment 1) all suggestthat performanceincreaseswhen information from multiple
witnessesis presented.This evidence together with evidence from researchon the
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effect of prototypical faces suggests that each composite may be a deviation from the
ideal image or prototype. Therefore, when the composites are combined, they may
produce an image that is closer to the ideal, thus serving to increase performance.
Research on prototypes has found that participants falsely recognise unstudied
prototype faces with greater confidence than previously seen faces (e.g. Solso &
McCarthy, 1981; Bruce, Doyle, Dench & Burton, 1991; Homa et al, 2001). In these
investigations participants were required to examine a set of faces for a few seconds
each. They were then presented with the same faces, together with a set of new
prototypical faces and were asked to recognise the faces that were presented in the
study phase (old/new judgement).

In particular, in the Solso & McCarthy (1981) study, these new faces contained
differential amounts of prototypical information (100% prototypes, 75%, 50%, 25%,
0%). The results revealed that 35 out of 36 participants reported that they had seen the
100% prototype in the study phase. This suggests that memory for faces/features is
somehow integrated with memory for similar items, either through trace blending
(e.g. Metcalfe, 1991), by storing integrated traces (e.g. Hintzman, 1986) or as a result
(e.g. McClelland
of competing patterns of interaction

& Rumelhart,

1996) (see

Therefore, information is combined in
chapter one for a review of memory models).
memory and results in the false recognition of unstudied faces.

However, insteadof combining information in memory, both the McNeil et al (1987)
and Bruce et al (2002, experiment 1) investigations combined information
`artificially' at test. In particular, the Bruce et al study used a morphing procedureto
combine composites.This procedure `averages'information, which may result in the
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reinforcement of similar or `correct' information while inconsistent or `incorrect'
information is `averaged out'. As such, this procedure may be particularly effective

when the composites contain different kinds of information. For example, if four
different composites all portray noses of different sizes and shapes, the combination
of this information may result in a nose that is closer to the `ideal' nose.

Evidence from both the Bennet et al (1999) and Bruce et al (2002) investigations
suggest that composites do differ greatly in quality. The results from the likeness

ratings from both studies revealed that the composites ranged from very poor or
`worst' to very good or `best'. However, whereas information was combined in the

`modal' (McNeil et al, 1987) and `morphed' (Bruce et al, 2002, experiment 1)
composites, performance was also good when four composites were presented
together (Bennet et al 1999; Bruce et al, 2002).

Researchon the effect of figural after-affectson the perception of faces (e.g. Webster
& MacLin, 1999; Leopold et al, 2001) has examined how the presentation of one face,
affects the presentation of another face. Webster & MacLin (1999) asked participants

to either match or rate facesbefore or after they were presentedwith a distorted face.
They found that the presentationof a distorted face affected both the perception and
recognition of the original face. More specifically, after presentation of a distorted

face, the original (undistorted face) appeareddistorted in the opposite direction.
Extending this work, Leopold et al (2001) examinedperformance for facesthat were
distorted along a continuum (anti-face or anti-caricature, average, caricature and
original face). In particular, this investigation asked whether the presentation of a
distorted face would affect the identity judgement of a second face. The results
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bias in the perception
revealedthat exposureto a single face did producea significant
of the second face. More specifically, it was found that the perceptual bias moved in

the opposite direction to the studied face, passingthrough the face spacecontinuum.
This led the authors to state that "The encoding of faces ... draws upon... mechanisms
that reference the central tendency of the stimulus category" (pg89). Much like the

prototype effect discussedearlier.

While compositesare not distorted per se, they can be thought of as distortions or
deviations from the ideal, or prototypical image. As such,they would also rangealong
a perhaps less well-defined face spacecontinuum. This researchsuggeststhat when
more than one composite is presented,each composite (or deviation) may have an
effect on the perception of subsequentcomposites.In particular, the investigation by
Leopold et al (2001) suggeststhat this perceptualbias may result in the perceptionof
an image that is closer to the

ideal or prototype. Therefore, while it may be possibleto

`create' a composite that is closer to the prototype by combining information
artificially e.g. morphing, presenting multiple composites may also result in the
perception of an image that is closer to the ideal or prototype.

Aims
In summary,researchhas indicated that performanceincreaseswhen compositesfrom
multiple witnessesare presentedand that this information may serve to `create' an
image that is closer to the `ideal' or prototypical image. The main aim of this
investigation was therefore to examine performancefor morphed compositesusing a
more ecologically valid procedure. For experiment 4, target faces were taken from a
Stirling University databaseand unfamiliar participants at a different university were
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asked to construct the composites. A further group of familiar

participants at Stirling

University were then asked to identify the composites. Experiment 5 examines the
prototypical effect in more detail by combining composites from multiple and single

witnesses.If morphed compositesrepresentan image that is closer to the ideal or
prototype,

then morphed composites from

multiple

witnesses should perform

significantly better than morphed composites from single witnesses (due to the
combination of memorial representations). Similarly,

experiment 6 examines the

prototypical effect when multiple composites are presented (sets of 4) using the same

design. In addition, participants are asked to provide self-reported identification
strategies to examine whether participants do reference information from all four
compositeswhen making an identification.

While research has indicated that performance increases when information from
multiple witnessesare presented,this has only beenobservedfor compositesthat have
been constructed using the same system and operator. As composites are used as
investigative tools in large scale casese.g. Jill Dando inquiry, it is likely that there
may be different witnessesin different areasof the U. K. As different police forces in
the U.K employ different methods of composite construction, it is highly probable
that composites from multiple witnesses may be obtained using these different
information from multiple witnesses, operators and
systems. The effect of combining

systemsis thereforeunclear.

A recent investigation by Frowd et al, (in press) has indicated that compositesfrom
different techniques or systems contain different types of information. This
investigationevaluatedperformancefor severalcommonly used compositetechniques
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in the U. K. including E-FIT, PROfit, Forensic Sketch Artist and EvoFIT, a new
holistic composite system (Hancock & Frowd, 2001). In general, it was found that the

two most common systemsin the UK (PROfit & E-FIT) performed equally well,
while performance on identification tasks was lower for Sketches and Evo-FIT. The
equivalent performance rates for E-FIT and PROfit was not surprising as the systems

are extremely similar. Both systemsdisplay features in the context of a whole face
and they allow for the manipulation of featuresand configuration. However, the type
of information that is contained in the images may explain the differing levels of
performance for the other techniques. While the sketches contained very detailed
shape and featural information, they contained very little textural information, which

has been shown to be important in face recognition (e.g. Bruce, 1991; Bruce &
Langton, 1994). In contrast, Evo-FIT images contained not only holistic shape
information they also contained more realistic textural information, almost of a
is very limited opportunity to manipulate
photographic quality. However, there
individual features.Therefore, while PROfit and E-FIT contain very similar types of
information, the Sketch and EvoFIT images contain differing amounts of shape and/or
textural information (See figure 14, page 138 for an example).

While the aims of experiment 4,5 and 6 are to examine the effect of combining
different memorial representations, experiment 7 extends this by examining what

impact these different types of information may have on the resulting morph. This
investigate the effect of morphing compositesfrom different
experiment will therefore
witnesses and different systems. More specifically, this investigation will examine
whetherthe combination of information from both witnessesand systemswill serveto
increaseperformancefor a single compositei.e. will performancefor a single PROfit
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increase when we combine it with a different type of composite (e.g. sketch)?
Experiment 8 will examine performancefor 2-Morphs in more detail by asking the
same witness to construct a PROfit and an EvoFIT. If an increasein performanceis
observed for the 2-Morphs in this condition, this will help to identify
morphed composites

perform

well

because they

contain

different

whether
memorial

representations, or whether they perform well because they just contain more
information.

Experiment 4: Multiple compositesfrom multiple witnessesusing PROfit
The first aim of this investigation was to examineperformancefor morphed
compositeswith a more ecologically method,than that usedby Bruce et al (2002,
experiment 1). In Stage 1 participantswere askedto view a thirty-secondvideo clip
of an unfamiliar female. They were then asked to construct a composite of this target.

In Stage2 unfamiliar participants rated all compositesfor likeness.In Stage3
participants who were familiar with the targetsattemptedto identify the composite
images.As the pool of participantswho were equally familiar with the targetswas
quite limited (i.e. departmentalstaff andfinal year honours students),in Stage4a
further group of unfamiliar participantswere askedto undertakea six alternative
forced-choicearray task.
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Stage 1: Compositeconstructionand morphing procedure
Materials
Composites were constructed using PROfit (version 3.0.2) and morphed using Sierra
Morph 2.5. Target faces were members of staff at the University of Stirling and were

taken from existing photographicand video databases.

Participants

Sixteen adults aged between 18 and 40 years were recruited from Queen Margaret
University College in Edinburgh. All participantswere unfamiliar with the targetsand
were paid £10.

Procedure
Stage 1: This experiment used the full-face compositesthat were constructedduring
the three-quarter-view investigation in chapter 2. The construction procedure was
therefore identical. Participants who were unfamiliar with the targets were asked to
view a thirty-second video clip of one target. The operator then used cognitive

interview techniquesto elicit a verbal description. Each participant was then askedto
construct two composites of the same target (one in a full-face view and one in a
three-quarterview). Pleaseseechapter2, pg. 64 for a full description of procedure.

Morphing Procedure
For each target there were four full-face composites. However, the Sierra Morph
software only permits pairs of imagesto be morphed at any one time. Therefore, the
first two compositeswere morphed togetherby placing points (markers) around all of
the key features on the first face (e.g. eyes, eyebrows, facial outline, hairline, nose
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etc). For every marker that was placed on the first image, a corresponding marker
appearedon the secondimage.The markerson the secondimage were then moved so
that they correspondedexactly to the position in the first image. See figure 6 for an
example.

Figure 6: Example of placement of feature markers during morphing

procedure

An average of 100 points was placed on each composite. Particular care was taken
when the compositeshad long hair (as above) and extra markers were often placed
around the bottom of the hairstyle. When different hairstyles are morphed together,
the result can often be very blurry. However, the placement of extra markers ensured
that this was kept to a minimum. Occasionally slight blurring did occur due to
different hairstyles. If this occurred outside of the composite, might hinder later
identification attempts (i.e. off-putting for participants), and was superfluous it was
removed in Photoshop.See figure 7 for an example. Blurring was only removedif it
occurredoutsideof the image; no elementof the compositeitself was `retouched'.

Ina

Chapter 3: Combining Composites

a) With hair shadow b) Hair shadowremoved
Figure 7: Morph of composites in figure 6

Each pair of composites were morphed together to produce an image that contained
fifty percent of each face (e.g. figure 7). This procedure was repeated with the next

two compositesof the sametarget. The pair of 2-Morphs were then morphed together
to createa final 4-Morph that contained25 percentof eachcomposite. Seefigure 8.

....
25%

25%

Morph

25%

25%

Target

Figure 8: Example of 4 individual
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Stage 2: Likeness ratings

Participants
Twenty unpaid participants were recruited from staff members at Tesco stores in
Edinburgh. All were aged between 17 and 60 years and were unfamiliar with the

targets.

Design

A within-subjects design was adoptedwith each participant viewing all images. One
presentation book was constructed which contained all twenty composites (4
individual composites and one 4-Morph for each of the targets). Composites were
standardisedfor height (13cm) and printed on a single sheetof A4 paper(landscape).
Each composite was presentedalongside a full-face monochrome photographof the
target. Presentationorder was randomised.

Procedure
Each participant was told that the composites were constructed after a `participant

witness' had only seen the target face for 30 seconds. It was stressed that the
compositeswere constructedfrom memory and that they representeda likenessof the
original target. Each participant was then informed that his or her task was to rate how
good the likenesseswere. They were asked to study each set of images (composite
and photograph) and rate the composites for likeness on a scale of 1 (low) to 10
(high). This was repeatedfor all twenty composites.No time limit was placed on this
procedure.
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Results
From the likenessratings it was possibleto identify the worst (lowest rated) and best
(highest rated) composites.The results indicated that the 4 morphs (mean likeness
rating 5.4, SD = 2.0) were rated as well as the best individual

composites (mean

likeness rating 5.5, SD = 1.1). This supports Bruce et a] (2002, Experiment 1) by

indicating that morphed compositesperform either as well as or better than the best
single image. The overall mean likeness ratings for all of the individual composites
was then calculated and a comparison was made between the morphed composites

and the average of the individual composites. A4

(target) by 2 (individual and

morphed composites) analysis of variance revealed significant main effects of target

(F (3,57) = 36.7, p<0.001), type of composite (F (1,19 = 38.06, p<0.001) and an
interaction (F (3,57) = 7.22, p<0.01. Simple main effects analysis (Bonferroni)
revealed that the mean likeness rating was higher for the morphed compositesfor all
four targets. An analysis by items revealed that performance for the morphed
compositeswas significantly higher for two of the targets(p<0.05).

The results from the likeness ratings therefore support previous research (e.g. McNeil

et al, 1987; Bruce et at, 2002) by indicating that a single `combined' or morphed
composite performs as well as or better than the best individual composite. However,
previous research (e.g. Bennet et al, 1999) has also indicated that when composites
from four different

`participant witnesses' are presented together (i. e. all 4 are

presented) performance is significantly better than the presentation of a single
composite. The 4-Morph does appear to perform better than the `best' single
compositebut how will it compareto the presentationof all 4 composites?In order to
examine this, in Stage3 participants who were familiar with the targetswere askedto
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try to identify the `best' single composite, the `worst' single composite, all 4
composites and the 4-Morph.

Stage 3: Identification

Participants
Thirty final year (4`h year honours) psychology students and two members of staff
attempted to identify the composites. All participants were recruited from the
psychology departmentat the

University of Stirling.

Design
A4 (target) by 4 (type of composite)within-subjectsdesign was adopted.There were
16 compositesin total (one best, one worst, one all 4 and one 4-Morph for eachof the
4 targets).These sixteencompositeswere divided into four presentationbooks using a
Latin square design. This ensured that each participant only saw one type of
composite (best, worst, all 4 and 4-Morph) for each of the four targets. Within each
book the order was rotated. Books were presentedto participants who were familiar
with the targets.There were a total of eight identification attemptsper composite.

Procedure

Each participant was informed that the composites were constructed after a
`participant witness' had only seenthe target face for 30 seconds.It was stressedthat
the compositeswere constructedfrom memory and that they representeda likenessof
the original target. All participants were told that the composite representedsomeone
from the psychology department.While this decreasedthe pool of potential targets,
the total number of potential targets was still at least thirty-six. This procedure was
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identical to the identification stagein chapter2 (please seepg. 62). Participantswere
asked to examine the composites carefully and to attempt to identify the person
depicted in the composites. They were encouraged to provide a name or some
identifiable semantic information. To ensure that all participants were familiar with
the targets they were debriefed. If any participant was unfamiliar with any one of the

targetstheir results were not used.

Results

The identification rates were relatively low and a Cochran's Q test revealed that
performance did not differ significantly between the four conditions (X2=3.750; df. =3
found for the condition where all four composites
p=0.290). The highest rate was
false positives). This was followed by the 4 morph (28%
were presented (38% and no
best individual composites (22% correct and 6%
correct, 6% false positives) then the

false positives) with the worst composite yielding the lowest identification
performance (16% correct and 6% false positives). While there were no significant
differences between conditions, the trend is clearly in line with the likeness ratings
obtained in stage 2 and previous research (Bruce et al, 2002 Experiment 1) by

indicating that the 4-morph again performs as well as the best individual composite.
Performancewas highest for the `all 4' condition which supports the findings by
Bennet et al (1999). However, as overall identification performance was relatively
low and did not differ significantly between conditions, a further experiment was
undertaken.
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Stage4: Six alternativeforced-choicearray task
The experiments in both stage 3 of this investigation and those in chapter 2
(experiments 1 and 2) had exhausted the number of participants who were familiar
with the targets. Therefore, this experiment adopted a method that was suitable for use
by unfamiliar participants -a six-alternative forced-choice task.

Materials

Each type of compositepresentation(all 4,4-Morph, best, worst) was presentedwith
an array of six photographs.Two types of array were constructed for each targettarget present and target absent.For the target present arrays, one photographof the
target was presentedwith photographsof five distractors.For the target absentarrays,
six distractors were presented. All distractors were chosenon the basis of the verbal
descriptions. As the descriptions varied greatly between participants, the distractors
were matched for general hairstyle/colour, face shape and approximate age. The
photographs were presented in two rows of three on a single sheet of A4 paper
(landscape). All photographs were monochrome and were standardised for height
(7cms), brightness and contrast. The position of distractors (target absent arrays) and
target and distractors (target present arrays) was varied. See figure 9 for an example.
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U

Figure 9: Example of arrays

Participants
Sixty-four participants aged between 17 and 60 years were recruited from an Open
University summer school held at the University of Stirling. All participants were
unfamiliar

with the targets and the distractors in the arrays. All had normal or

correctedvision.

Design
The same four conditions were compared (4-Morph, best, worst and all 4) for each of
the four targets. The sixteen composites were presented with both a target present
array and a target absent array, creating a total of thirty-two

separate trials. These

thirty-two composites were divided into eight different presentation books, using a
Latin square design. Each book contained one type of composite (4-Morph, best,

worst, all 4) for each of the four targets. In addition, half of the trials in each book
contained target-presentarrays and half contained target-absent arrays. Therefore,
there were a total of eight different conditions (four types of composite with both
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target presentor target absentarrays for each). Unfamiliar participants saw only one
book and there were a total of eight participants per book.

Procedure
Each participant was informed that the composites were constructed from memory

and representeda likeness of the target. They were asked to look carefully at the
composite(s) and the accompanying array. All participants were told that the target
may or may not be in the array. If they thought that the composite did not resemble
anyonein the array they were instructedto saythat the target was not there.Similarly,
if they thought that the composite did resemble someone in the array, they were
instructed to point to the appropriate photograph. This was repeated for all four
arrays.No time limit was placedon this procedure.

Results

Composite

4-Morph

All Four

Best

Worst

Arra y Type

Present

Absent

Present

Absent

Present

Absent

Present

Absent

Correct
response
Incorrect
rejection of

41

41

28

13

34

19

28

28

9

22

arra

False
positive
Miss
(incorrect
choice)

87

59
37

15

63

9

81
50

72
63

Table 1: Percentage responsesfor each condition

Table 1 summarisesthe performance for the six alternative forced-choice array task.
As can be seen, the 4 Morph condition produced the highest number of correct
(mean 41% correct for both) and
responsesfrom both target presentand absentarrays
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generatedthe lowest number of false positive choices for either type of array. The
poorest performance was obtained when all four composites were presented (overall

rates =21% correct, 75% false choices), while similar performance was observed for
both the worst individual (28% correct, 68% false choices) and best individual (27%

correct, 66% false choices) composites.A Cochran's Q test revealedthat the number
of correct responsesfor all four conditions did not differ significantly (X2 = 4.914, df
= 3, p=0.178). While there were no overall significant differences, a further pairwise
comparison was conducted in order to examine performance for the two multiple
conditions (4-Morph and all 4). A McNemar test revealed that observed difference
betweenthe 4-Morph and the all-4 condition almost reachedsignificance (X2 = 3.704,
p=0.054). These results therefore indicate that the 4-Morph performs as well as the
best individual composites and almost significantly better than the sets of 4. The
incorrect responseswere then condensed(misses,false positives, incorrect rejections)
and the overall number of incorrect responsesfor each condition was compared.A
Cochran Q test revealedthat there were no significant differences in overall incorrect
responses(X2 = 5.122, df=3, p>0.05).

Discussion
The results from this investigation indicate that the presentationof composites from
more than one witness increasesperformance.In particular, the results from all stages
indicate that the 4-Morph performs as well as or better than the
of this investigation
best single composite. Of particular interest are the results obtained in stage 3
(identification) and stage 4 (6Alt forced-choice task). While the trend in stage 3
indicated that performance was higher when all four compositeswere presented,the
opposite trend was observed in stage 4, with all 4 composites yielding the lowest
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performance. This change in performance level may have reflected task demands. In
four different composites (set of 4) together
stage 4, participants were presented with
with an array of six photographs. While the participants were told that all four
composites depicted the same person, the composites often looked like four different
people. Therefore it was extremely difficult for participants to both correctly match
the composites to the target photograph and to correctly reject an array. This is
reflected in the level of incorrect matches illustrated in table 1. However, for the
identification task, which is a more ecologically valid procedure, sets of 4 composites
appear to perform well.

These results indicate that performance increases when information from multiple
witnesses is presented.

In particular, the consistent performance of the 4-Morphs

supports previous research by Bruce et al (2002, experiment 1) and indicates that the
combination of different memorial representations may result in an image that is
closer to the ideal image or prototype. Similarly, the results from the identification
task also suggest that it may be possible to `extract' or perceive an image that is closer
to the ideal image when multiple composites are presented. Bennet et al (1999) had

previously reported an increase in performance when four composites of similar
quality were presented.However, this investigation has extended this researchby
revealing that four compositesof varied quality (from worst to best) can also perform
well. Importantly, as there is currently no formal method of determining which
witness is likely to construct the `best' composite, the results from this and previous
investigations indicate that it may be beneficial to invite more than one witness to
constructa composite.
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However, while the results suggestthat the presentationof information from different
witnesses increases composite performance, it is unclear exactly why multiple
composites perform well. While it is suggested that 4-Morphs perform well because
they result in an image that may be closer to the ideal, it is unclear whether this
actually occurs. When composites are morphed together the differences are `averaged
out' and the similarities are reinforced. Therefore, as the differences are `averaged

out' it is unclear how important this varied information is. Thus, it is unclear whether
morphed compositesperform well becausethey contain varied information (different
memories)or whether they perform well becausethey just contain more information.

If morphed compositesperform well becausethey result in an image that is closer to
the ideal or prototype, then performance should be higher when memorial
representationsare combined. However, if morphedcompositesperform well because
they just contain more information, then performance may be as good when
composites from the same witness are combined. Experiment 5 will therefore
examine performancefor morphs that have beencreated using compositesfrom both
sin le and multiple witnesses.

Experiment 5: Why do morphed composites perform well?
This experiment examined performance for morphs that have been created using
composites from both single and multiple witnesses.The same female targets were
used. However, to ensure that the operator was blind to target identity a different
operator worked with the participants to construct the composites.In the first stageof
the experiment participants viewed a 30-second video clip of an unfamiliar female
target. They were then asked to construct one full-face composite from memory.
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Multiple images were obtained from each participant by capturing the screen at
regular intervals. In the second stage, composites (sets of 4) from both single (4 from

each participant) and multiple (1 from each of the 4 participants) were morphed
together to create one 4-Morph for each target (from different participants) and one 4Morph for each participant. In stage 3, a group of unfamiliar participants rated the

compositesfor likeness.In stage4, the compositeperformancewas evaluatedusing a
six-alternativeforced choice array task.

Stage 1: Compositeconstruction
Materials

Composites were constructedusing PROfit (version 3.0.2) and morphed using Sierra
Morph (version 2.5). Target faces and video clips were identical to those used in
experiment 1 (pleaseseechapter 2, pg. 62). In order to obtain multiple imagesfrom
each participant, the `screencapture' function in Paint Shop Pro (version 7.00) was
used.

Participants

Sixteen adults aged between 18 and 45 years were recruited. They consisted of
membersof the public and studentsfrom other departmentswithin Stirling University.
No participant had previously constructed a composite and all participants were
Each participant was paid £10.
unfamiliar with the targets.

Design
Each participant was asked to view a thirty-second video clip of one target and then
construct one full-face composite of the seen target. There were four targets and
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sixteen participants (4 per target), creating a total of sixteen full-face composites.
Construction order was randomised and the experimenter worked blind to the identity
of the targets. In order to obtain multiple images from individual participants, Paint
Shop Pro was used to `capture' the screen during composite construction. As
construction times can vary greatly (e.g. between 20 minutes to 1 hour), the screen
capture function was set at sixty seconds to ensure a sufficient number of composites
from each participant. After each composite had been constructed the experimenter
chose the very first composite image that had been captured and the final image. The

total number of screencaptureswere then divided by four and the second and third
imageswere chosen.This createda total of sixty-four composites(4 from eachof the
16 participants).This procedurewas identical for all sixteen participants. Participants
were not presentduring this procedure.
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Construction procedure
The construction procedure was similar to that described in Chapter 2. Participants
who were unfamiliar with the targets were asked to view a thirty-second video clip of
a female target. Immediately after target exposure, the operator used cognitive
interview techniques to elicit a verbal description. Each participant was then asked to

construct one composite of the seen target. Pleasesee chapter 2, pg. 64 for a full
descriptionof the interview and constructionprocedures.

Stage2: Morphing procedure
The morphing procedurewas identical to that used in experiment 1. For the multiple
or 4-Morph condition, the four composites (i. e. those constructed by 4 different
participants) were morphed together to create a 4-Morph for each target. For the
single condition, the four compositesfrom eachparticipant were morphed togetherto
createan additional sixteenmorphed images(mini-morphs).

Stage 3: Likeness Ratings
Materials

Eachcompositewas presentedwith onemonochromephotographdepicting the target
in a full-face view. All imagesmeasured13cm in height. The photographswere
edited using Microsoft Photo Editor to ensurethat brightnessand contrastwere
constant.
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Participants
Twenty-four unpaid participants aged between 25 and 55 years were recruited from an
Open University summer school based at the University of Stirling. All participants
were unfamiliar with the targets.

Design
A4 (target) by 3 (type of composite) repeatedmeasuresdesign was adopted.The
types of compositewere 4-Morphs (morphs from different participants), mini-morphs
(morphs from the same participant) and single full-face composites (the final
composite from each participant). There were four 4-Morphs (1 per target), sixteen
mini-morphs (1 per participant and 4 per target) and sixteen single full-face
composites (1 per participant and 4 per target). All thirty-six composites were
booklet. Each composite was printed on a
randomly ordered in a single presentation

single sheet of A4 paper and displayed with one monochrome photograph of the
target (printed side by side on the same sheet of A4 paper). Unfamiliar participants
from one (low) to ten (high). Presentation
rated the composites for likeness on a scale

order was randomised.

Procedure

Each participant was told that the composites were constructed after a `participant
witness' had only seen the target face for 30 seconds. It was stressed that the
compositeswere constructedfrom memory and that they representeda likeness of the
original target. Each participant was then informed that

his or her task was to rate how

good the likenesseswere. They were asked to study each set of images (composite
and photograph)and rate the compositesfor likeness on a scale from 1 (low) to 10
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(high). This was repeatedfor all thirty-six composites.No time limit was placed on
this procedure.

Results
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Figure 11: Mean likeness rating for each target and type of composite

The meanlikenessratings obtained in eachcondition of the experiment for each target
Overall, the highest likeness ratings were obtained by the
are displayed in figure 11.

4-Morphs (mean 5.5, S.D. 1.4), followed by the mini-morphs (mean 3.8, S.D. 1.1)
for
while the lowest performancewas observed the single composites(mean 3.5, S.D.
1.1). A4

(target) by 3 (type) repeated measuresanalysis of variance revealed a

significant effect of type of composite(F (2,46) = 22.099 p<0.01), a significant effect
0.01) and an interaction (F (6,138)=2.863, p<0.05).
of target (F (3,69)=56.596,p<
Further analysesusing one-way repeatedmeasuresanovasand paired t-tests revealed
that for all four targets the 4-Morphs performed significantly better than both the
mini-morphs (p <0.001) and the single composites(p <0.001). In addition, for two of
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the targets the mini-morphs performed significantly better than the single composites
(p<0.001).

These results therefore provide additional support for experiment 1 by suggesting that

when information from different witnessesis combined to produce a new, single
image, this image performs significantly better than a single composite. Similarly, as
the 4-Morphs performed significantly better than the mini-morphs, these results also
suggest that morphed compositesperform well becausethey contain varied rather
than just more information. However, the mini-morphs did perform significantly
better than the single compositesfor two of the targets.Therefore, in order to examine
performance further, the composites were evaluated with a six-alternative forcedchoice array task.

Stage4: Six-alternative forced choice array task
Materials
An identification task was not undertakendue to the limited number of participants
who were familiar with the targets. Instead,a six-alternative forced choice task was
undertaken.The arrays were identical to those used in experiment I (see figure 3 pg.
75).

Participants
Thirty-two participants aged between 25 and 55 years were recruited from an Open
University summer school basedat the University of Stirling. All participants were
unfamiliar with the targets.
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Design
From the likeness ratings it was possible to determine the highest rated (best) and
lowest rated (worst) mini-morphs (i. e. morphs from a single participant) for each
target. These were compared with the 4-Morphs and single composites for each target.
This created a total of sixteen composite types (4 worst mini-morphs, 4 best mini

morphs, 4 4-Morphs and single composites). The composites were divided into 4
presentationbooklets using a Latin squaredesign.Each booklet containedone type of
composite (4-Morph, best,worst and single composite)for each of the four targets.As
there were four single compositesper target, presentation order was rotated within
each booklet so that all four compositeswere presentedequally. Performancefor the
other three conditions was then comparedwith the averageof the single composites.
Unfamiliar participants saw only one booklet and there were a total of eight
participants per book.

Procedure
Participants were told that the composites were constructed from memory and that
they represented a likeness of the target. They were asked to examine all of the
images closely and were told that the target may or may not be in the array.
Participants were asked to indicate whether or not they thought the target was in the
did not resemble anyone in the array, they
array. If they thought that the composite
If
were asked to reject the array. they thought the target was present, participants were

askedto point to the appropriatephotograph. This was repeatedfor all four targets.
No time limit was placedon this procedure.
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Results
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Figure 12: Mean no. of correct matches for each type of composite

Figure 12 displays the percentage correct matches for each condition. The overall
47% for the 4-Morphs, 44% for the best minipercentage correct matches were
31% for the worst mini-morphs. These
morphs, 44% for the single composites and
differ significantly between conditions (X2=1.227, DF=3,
results were low and did not
p>0.05),

however the trend clearly supports previous experiments by indicating that

the 4-Morphs perform better than the single composites. Further analyses revealed
there were no significant differences both within each target (p> 0.05) and between
targets (p<0.05).

Therefore, while the results from the likeness ratings indicated that combining
from the array task do
compositesfrom a single witness may be beneficial, the results
not support this. The trend supports previous experiments by indicating that the 4Morphs perform well. Similarly, the results indicate that combining four poor quality
composites yields the

lowest performance.Interestingly, the trend also suggeststhat
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combining composites from a `good' witness does not increase performance.
Therefore, even if it were possible to predict witness performance, combining four
composites from the `best' witness would not increase performance above the level
achieved for an average single composite.

These results suggestthat morphed compositesdo not perform well becausewe are
just combining more information, i.e. more than one composite from the same
witness. Even when we combine more good quality information (four composites
from a good witness) performancedoesnot increase.Instead, it seemsthat morphed
composites perform well because of the combination of varied information
(compositesfrom different witnesses).Therefore, it appearsthat morphed composites
perform well becausethey result in an imagethat is closer to the ideal or prototype.

In summary, experiment 5 indicated that performance increased when composites
from four different witnesseswere combined to create a new morphed composite.
Previous research on the effect of prototypes in face recognition

(e.g. Solso &

McCarthy, 1981; Bruce, Doyle, Dench & Burton, 1991; Homa et al, 2001) suggested
that morphed composites may perform well becausethey result in an image that is
closer to the ideal, or prototype. Experiment 6 examined this in more detail by
manipulating the information contained in the morphs. A comparison was made
between morphs from single witnesses(more information) and morphs from multiple
witnesses (varied information). The results indicated that overall the morphs from
multiple witnesses performed better than the morph from single witnesses. This
indicates that morphed composites perform well because they contain different
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memorial representations. This combination of memorial representations therefore
appears to have resulted in an image that was closer to the ideal or prototype.

Experiment 4 also reported an increase in performance when multiple composites
were presented (sets of 4). Research (e.g. Webster & MacLin, 1999; Leopold et al,
2001) has indicated that the presentation of one `distorted'

face can alter the

perception of a second face. This suggests that when more than one composite is
presented, each composite (or deviation) may have an effect on the perception of
subsequent composites. In particular, the investigation by Leopold et al (2001)
suggests that this perceptual bias may result in the perception of an image that is
While the results from experiment 5 indicate that
closer to the ideal or prototype.
morphed composites perform well because they contain varied information,

it is

unclear why multiple composites perform well. Experiment 6 will therefore examine
this by replicating experiment 2 with multiple rather than morphed composites. Sets
from both single (more information) and multiple
of 4 composites will be presented
(varied information) witnesses. If it is possible to `extract' an image that is closer to
the ideal or prototype, then performance should be higher when composites from
multiple witnesses are presented. In addition, even if performance is higher for the
multiple condition, it is extremely difficult to know whether participants are utilising
information from all composites and what kind of information they are using to make
4
invariably contain both good and poor quality
an identification. As each set of will
focus on one or two `good' quality composites,
composites, participants may only
rather than using information from all four. Indeed, as each set of 4 will contain one
from all four may hinder rather
or two poor quality composites, utilising information
than facilitate identification performance. Therefore, after participants have made an
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identification attempt they will be askedto report how they reachedtheir decision. A
comparison will then be made between the number of composites participants used
and identification accuracy.

Experiment 6: Why do setsof 4 compositesperform well?
This experiment replicated experiment 5 with multiple rather than morphed
composites. Sets of 4 compositesfrom both single (more information) and multiple
(varied information)

witnesses were compared with single composites. In stage 1,

each `participant witness' was asked to view a thirty-second video clip of one male
target. They were then askedto constructone full-face composite of the target. Paint
Shop Pro was used to `capture' multiple images from each `participant witness'
during construction. All individual (final) compositeswere initially rated for likeness
in order to determine which `participant witness' had constructedthe `best' (highest
rated) composite and which `participant witness' had constructed the `worst'
composite (lowest rated) for each of the four targets. The sets of 4 compositesfrom
the `best' and `worst' participant witnesses were then compared with the sets of 4
composites from four different participants and the single full-face composites. In

stage 2, participants who were familiar with the targets attempted to identify the
composites.Where an identification attempt was made, participants were asked to
decision i. e. how many composites did they base their
report how they reached their
decision on?
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Stage 1: Construction of composites
Materials
Targets were male members of staff from the Department of Psychology, University
of Stirling. To ensure that the experimenter was blind to target identity, images were

chosen by an independentresearcherand were selected from existing photographic
and video databases.Video frameswere extracted and digitised without sound, using
the Media 100 video-editing package.A thirty-second video clip was createdfor each
target. Each clip consistedof fifteen secondsof movement (rotating in chair from left
to right: shaking head from side to side, nodding up and down) and fifteen secondsof
full-face view.

Compositeswere constructedusingPROfit (Windows version 3.0) on an ASUS HiGrade UltiNote AS8400 laptop computer.Paint Shop Pro (version 7) was usedto
`capture' the screenduring compositeconstruction.

Participants
Sixteen adults aged between eighteen and forty years were recruited from Queen

Margaret University College, Edinburgh. All participants were unfamiliar with the
targets.Each participant receiveda £10 payment.

Design
Each participant was askedto view a thirty-secondvideo clip of one target and then
constructone full-face compositeof the seentarget. There were four targetsand
sixteenparticipants (4 per target), creatinga total of sixteen full-face composites.
Construction order was randomisedand the experimenterworked blind to the identity
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of the targets.In order to obtain multiple imagesfrom individual participants,Paint
Shop Pro was usedto `capture' the screenduring compositeconstruction. As
constructiontimes can vary greatly (e.g. between20 minutes to 1 hour), the screen
capture function was set at sixty seconds to ensure a sufficient number of composites
from each participant. After each composite had been constructed the experimenter

chosethe very first compositeimagethat had beencapturedand the final image. The
total numberof screencaptureswerethen divided by four and the secondand third
imageswere chosen.This createda total of sixty-four composites(4 from eachof the
16 participants).This procedurewas identical for all sixteen participants.Participants
were not presentduring this procedure.

Construction procedure
The procedurefor compositeconstructionwas identical to that usedin both
experiment 1 and chapter2 (pleaseseepg. 64 for a full description).

Stage 2: Identification
All individual composites (i. e. the final composites from each `participant witness')

were initially rated for likeness. This permitted a comparison between sets of 4
compositesfrom the `best' witness, `worst' witness and all four witnesses for each
target.

Participants
Thirty staff members and two senior students attempted to identify the composites.
All participants were recruited from the psychology departmentat the University of
Stirling and were familiar with the targets.
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Design
A4 (target) by 4 (type of composite) within-subjects design was adopted. The types

of composite were sets of 4 from the best and worst participants, sets of 4 from all
four participants and single full-face composites (i. e. the final composite from each

participant) for eachof the four targets.This createda total of sixteen different types
of composite (four `best' setsof 4, four `worst' setsof 4, four sets of 4 from different
participants and4 single full-face composites).The compositeswere divided into four
presentationbooks using a Latin squaredesign. This ensured that each participant
only saw one type of composite presentation(best, worst, multiple and single fullface) for each of the four targets.There were a total of eight identification attempts
per book. In addition, as there were four single compositesfor each target (i.e. one
from each of the four participantsper target), presentationorder was rotated such that
there were two identification attempts for each of the four single composites.This
permitted a comparison between the averageof the single compositeswith the three
multiple conditions. Within each book the order of presentation was rotated and all

books were presentedto participantswho were familiar with the targets.

Procedure
Each participant was informed that the composites were constructed after a
`participant witness' had only seenthe target face for 30 seconds.It was stressedthat
the compositeswere constructedfrom memory and that they representeda likenessof
the original target. It was also stressedthat all four compositesrepresentedthe same
person. Participants were informed that each composite representedsomeone who
was personally familiar to them. Participants were asked to examine the composites
carefully and to attempt to identify the persondepicted in the composites.They were
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encouraged to provide a name or some identifiable semantic information. In addition,
after each identification attempt participants were encouraged to explain how they

reached their decision i. e. they were asked `what information did you use to reach
your decision'. No suggestionswere offered by the experimenter.To ensurethat all
participants were familiar with the targetsthey were debriefed. If any participant was
unfamiliar with any one of the targetstheir results were not used.

Results
Identification rates were high with the sets of 4 from four different participants
achieving the highest performance (63% correct identifications)

with the lowest

number of false positives (15%). This was followed by the sets of 4 from the `best'
witnesses(53% correct identifications and 25% false positives). Equivalent rateswere
observed for the sets of 4 from the `worst' participants (38% correct identifications

and 28% false positives) and the single full-face condition (38% correct
identifications and 25% false positives). The data was initially collapsedacrosstarget
and a Cochran Q test was conductedon the hit rate. This revealed that there were no
significant differences (X2=5.243, DF=3, p >0.05). There were also no significant
differences in false positives (X2=1.543,DF=3, p >0.05). However, further analyses
on the hit rate for both type and target revealedsignificant effects for the sametargets
(X2=84.860,DF=15, p <0.01). Target 4 was equally well identified in all conditions
(ranging from 75% to 100%), whereas target 3 did not obtain any correct
identifications in any condition. Performance for target 3 (a lecturer within the
psychology department)was unfortunate and may have been affected by a period of
absencefrom the department during this investigation. Target 4 achieved extremely
high identification rates across all conditions and may have been the result of a
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particularly distinctive hairstyle. For the remaining two targets the sets of 4
composites from different participants performed significantly

better than the other

three conditions (p<0.05). Therefore, for three out of four targets the sets of 4 from
different participants performed as well as or better than both the single composites
and the single sets of 4 (i. e. those from both the `best' and `worst' witnesses).

The results therefore suggestthat the presentationof multiple composites from four
different witnesses yield higher performance levels than both multiple composites
from sin le witnessesand single (individual) composites. This provides additional
support for experiment 4 by indicating that compositesfrom four different witnesses
perform well. The results are also similar to those obtained in experiment 5 and may
indicate that multiple composites perform well because they contain different
memorial representations,not just more information. The results from experiment 5
indicated that morphed compositesperform well becausethey resulted in an image
that was closer to the ideal or prototype. However, in order to determine whether
participants do in fact referenceinformation from multiple (all four) compositesand
perhaps `extract' an image that is closer to the ideal or prototype, an examination of

self-reportedidentification strategieswas undertaken.

After a participant had madean identification they were askedto report (if they could)
how they reached their decision (i. e. how many composites did they base their
decision on?). See table 2 for the percentagenumber of composites used for each of
the three multiple conditions (best set of 4, worst set of 4 and 4 from four different
witnesses).
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`Best' setsof 4

`Worst' setsof 4

Multiple setsof 4

1 face

55

35

31

2 faces

7

17

21

3 faces

4

0

3

A114

3

17

21

None

31

31

24

Total

100%

100%

100%

%

Table 2: No of composites participants used to make an identification

Table 2 illustrates the percentagenumberof compositesused by participants to make
an identification. As can be seen, the largest percentage of participants in all
conditions reportedthat they

basedtheir decision on one composite, rather than using

information from all four composites.The number of compositesusedfor each set of
4 was analysed(Cochran's Q) and the results revealed significant differences for the
best sets of 4 (X2=32.400 DF=3, p<0.01). Further pairwise comparisons (Mcnemar)
revealed that significantly more participants based their identification on just one
four composites (p<0.01 for all). For
composite, compared to either two, three or all

the worst sets of 4, significantly more participants reported using one composite
compared to three composites(p<0.05). For the multiple sets of 4 (from 4 different
witnesses)there were no significant differences although the trend is in the same
direction with more participants using one rather than multiple conditions to make an
identification. However, multiple imagesseemto be used more often when different
witnesseshave constructedall four.
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These results suggest that when participants are presented with four composites of the
same target, they tend to prefer to make an identification

decision using just one

composite.However, theseresults are basedon self-reportedstrategiesand in order to
assess the effectiveness of multiple composites, it is essential to examine the number

of faces used to make an identification attempt with the accuracy of these
identification attempts. To examine this the data was initially collapsed across type
(setsof 4) and the numberof correct identifications for each reportedstrategy(e.g. the
no. of compositesparticipantsused)was compared,seefigure 13.

30
c 25
0
CO20
15
10
5
0
1 face

2 faces

3 faces

all 4

no. of compositesused
Figure 13: No of correct identifications for each number of composites used to make an
identification

A Friedman test revealed significant overall differences (X2=18.113, DF=3 P<0.01).
Further pairwise comparisons using Wilcoxon signed rank tests revealed that there
were significantly more correct identifications when only one face was used
comparedto both 2 faces (p<0.05), 3 faces (p<0.01) and all 4 faces (p<0.05). Further
differences for
analyseson each set of 4 using Cochran's Q testsrevealed significant
the best sets of 4 (X2=21.429,DF=3 P<0.01). There were significantly more correct
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identifications when one face was used compared to both 2 faces (p<0.01), 3 faces
(p<0.01) and all 4 faces (p<0.01). There were no significant differences in accuracy
for the worst sets of 4. For the multiple sets of 4 (from 4 different witnesses)there
were more correct identifications when one face was used compared to three faces

(p<0.05).

These results indicate that when participants are presentedwith four compositesfrom
the `best' witness, they are more accurate when they base their decision on one
composite (the final good quality image). This supports the results from the
identification stage and suggests that adding more information from one `good'
quality witness does not serve to increase performance. Similarly, adding more
information from a4poor' witness (worst) doesnot increaseperformance.While there
was no relationship betweenthe numberof compositesusedto make an identification
and identification accuracy, a large percentageof participants preferred to base their
identification on one composite rather than all four. These results are similar to those
obtained in experiment 5 and suggest that either morphing or presenting multiple
does not serve to increase performance.
composites from a single witness

The results from experiment 5 indicated that the combination of memorial
4-Morphs resulted in an image that was closer to the ideal, or
representationsin the
prototype. However, the results

from this experiment provide little evidence for this

effect when multiple composites are presented.Thirty-one percent of participants
reported basing their

identification on one composite, twenty-one percent used two

four composites. Similarly, when the
composites and twenty-one percent used all
number of faces used were compared with identification accuracy there were no
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significant differences. If participants were referencing information

from all four

composites and perhaps perceiving an image that was closer to the ideal or prototype,
then identification performance should have been higher when participants used all
four composites to make an identification. However, there were no differences in
accuracy for participants who reported using two composites compared with four.

Therefore, while sets of 4 compositesfrom four different witnessesperform well,
there is little evidencefor any prototype effect. More importantly, participantsseemto
prefer to useonly one compositeto make an identification.

In summary,the results from experiments4,5 and 6 have indicated that identification
performance increaseswhen information from multiple witnessesis presented.The
results from experiment 4 and previous research(Bruce et al, 2002, experiment 1)
indicated that morphed composites performed as well as or better than the best single

composites. Experiment 5 demonstrated that morphed composites from different
witnesses performed better than morphed composites from single witnesses, thus
suggesting that 4-Morphs result in an image that it closer to the ideal or prototype.
The same trend was observed in experiment 6 for multiple composites, however there

was little evidence for any prototype effect and self-reported identification strategies
revealedthat participantspreferredto make an identification attemptbasedon a sin le
composite. These results suggestthat while multiple composites perform well, the
information that is obtained from multiple witnesses (i. e. different memorial
representations)may be more effective when they are combined to form a single
morphed image.
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These results therefore indicate that morphed composites may be a more effective
investigative tool. However, one potential difficulty

with the previous experiments is

that they have only examined performance for morphs when the composites have
been constructed using the same composite system (PROfit). As composites are
generally used in large-scale casese.g. murder inquiries, several police forces may be
involved.

As different

police forces in the U. K employ different

methods of

composite constructionit is highly probablethat compositesfrom multiple witnesses
may be obtained using these different systems.Experiments 4 and 5 have indicated
that morphed compositesperform well becausethey contain varied information in the
form of different memorial representations. However, it is unclear whether other types

of varied information may increaseperformance.Experiment 7 will thereforeexamine
performancefor morphedcompositesthat have beenconstructedusing techniquesthat
produce very different images(e.g. Sketchartist, EvoFIT, PROfit). The first aim will
be to replicate the 4-Morph effect using composites from different systems and
different witnesses. The second aim is to examine whether the combination of
information from both witnesses and systems will serve to increase performance of a
for a single PROfit increase when we combine
single composite i. e. will performance

it with a different type of composite(Sketchor EvoFIT)?

Experiment 7: Composites from multiple witnessesand systems
This experiment examined performance for morphed composites that had been
constructed using different techniques. The results from research in our own
laboratory (Frowd et al, submitted) have indicated that composites from different
techniquescontain different types of information. Frowd et al (submitted) compared
performancefor severalcommonly usedcompositetechniquesi. e. E-FIT, PROfit and
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Forensic Sketch Artist, together with the older manual Photo-Fit system and EvoFIT,
a new holistic composite system (Hancock & Frowd, date). In general, it was found
that the two most common systems in the UK (PROfit & E-FIT) performed equally
well, while performance on identification tasks was lower for Photo-Fit, Sketches and
Evo-FIT. The equivalent performance rates for E-FIT and PROfit was not surprising

as the systemsare extremely similar. Both systemsdisplay featuresin the context of a
whole face, they allow for the manipulation of features and configuration and they
both contain similar numbers of features. More importantly, both contain similar
shapeand textureinformation.

Similarly, while the sketchescontainedvery detailedshapeand featural information,
they containedvery little textural information, which has beenshown to be important
in face recognition (e.g. Bruce, 1991; Bruce & Langton, 1994). In contrast, Evo-FIT

imagescontainednot only holistic shapeinformation they also containedmore
realistic textural information, almost of a photographicquality. However, there is very
limited opportunity to manipulateindividual features.

Therefore, while PROfit and E-FIT contain very similar typesof information, the
Sketchand EvoFIT imagescontain differing amountsof shapeand/or texture. See
figure 14 for an example.
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E-FIT

EvoFIT

Figure 14: Composites of Andre Agassi from 4 different construction

Sketch
techniques

The composites in figure 14 contain both different memorial representations (as they
are constructed by different witnesses) and different types of information. Previous

experiments have indicated that morphed composites perform well because they
contain varied information. So far, this varied information has consisted of different
memorial representations, however it is unclear whether other types of' varied

information may also facilitate performancefor morphedcomposites.This experiment
will therefore investigate the effect of morphing compositesfrom different witnesses
and different systems. More specifically, this investigation will attempt to replicate
the 4-Morph effect. It will also examine whetherthe combination of information from
both witnessesand systemswill serveto increaseperformancefor a single composite
i,e. will performancefor a single PROfit increasewhen we combine it with a different
type of composite (Sketch or EvoFIT)?

Identification

Materials
This experiment used the PROfits, E-FITs, EvoFITs and Sketches that had been
Frowd et al (submitted) study. In this investigation participants
constructed for the
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were askedto study a target photographof a young famous white male for 1 minute.
Target familiarity was pre-checked to ensure that participants only constructed a
compositeof a targetthat was unfamiliar to them. Following a delay of 3-4 hoursthey
were asked to construct one composite of the seen target. This procedure was identical
for all techniques. There were ten targets and ten `participant witnesses' (1 participant

per target). This created a total of 40 composites (10 PROfit's, 10 E-FIT's, 10
Sketchesand 10 EvoFIT's all constructedby different `participant witnesses').Target
photographs were obtained from various famous face databasesavailable on the
Internet. All composites were morphed using the Sierra Morph software. The
morphing procedurewas identical to that usedin Experiment 4.

Participants
Forty participants aged 18 - 50 years were recruited. Participants were studentsfrom
Stirling University and staff members from Tesco stores in Edinburgh. All
participants were familiar with the targets.

Design
PROfit and E-FIT contain very similar types of information and as Bruce et al (2002,
experiment 1) had previously found an advantagefor morphing two PROfits these
compositeswere not combined with eachother. As the main aim of this investigation
different types of images, two separate
was to examine the effect of combining
first experiment comparedperformancefor a single
experimentswere conducted.The
PROfit, a morph containing the PROfit and Sketch, a morph containing the PROfit
and Evo-FIT and a morph containing all 4 composites (4-Morph) for each of the 10
targets.This created a total of 40 composites(4 types of composite for each target).
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These 40 composites were divided into five presentation booklets using a Latin square
design. Each booklet was balanced for condition and rotated around target. Therefore,
each booklet contained 2 single PROfits, 2 PROfit/Sketch morphs, 2 PROfit/EvoFIT
morphs and 2 4-Morphs. Each participant was presented with one booklet. There were
a total of 8 participants per booklet.
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Figure 15: Example of morphed composites of Andre Agassi (originals can be seen in Figure 14)

Procedure

Each participant was told that they would be asked to look at eight individual
composites. They were informed that the composites were constructed after a
`participant witness' had only seen the target face for 1 minute. It was also stressed

that the composites were constructed from memory and that they represented a
likenessof the original target. The participants were not informed that the composites
were constructed using different systems or that some of the composites had been
EvoFIT images often resulted in a
morphed together. However, as the texture of the
considerably darker final morph, the participants were told that the composites
depicted white males. All participants were told that the composites depicted famous
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men and that their task was to examine the compositescarefully and to attempt to
identify the person depicted in the composites.They were encouragedto provide a
name or some identifiable semantic information. At the end of the procedure each
participant was asked to identify the targets from the original photographs. If any
participant was unfamiliar with any one of the targets their results were not used.

Results

The highest performancewas obtainedby the 4-Morphs (31% correct identifications,
17% false positives), followed by the PROfit/EvoFIT morph (22% correct
identifications, 10% false positives), with almost identical performance for both the
single PROfit condition (15% correct identifications, 17% false positives) and the
PROfit/Sketch morph (15% correct identifications, 11% false positives). A Friedman
test was conducted on the hit rate. This revealed that the overall differences in
performance were almost significant (X2=7.686,DF=3, p=0.053). Further pairwise
comparison using Wilcoxon tests revealed that the 4-Morph performed significantly
better than both the single PROfit and the PROfit/Sketch morph (p< 0.05). Similarly,
while the PROfit/EvoFIT morph appearedto perform better than both the single
PROfit and PROfit/Sketch conditions, this difference did not quite reach significance
(p = 0.08 and 0.09 respectively). False positives did not differ significantly between
conditions (X2=2.599,DF=3, p=0.458).

These results suggestthat when compositesfrom 4 different `participant witnesses'
are combined, performanceis significantly better than presenting a single composite.
However, the results also provide support for combining different types of
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information. While there was no benefit for adding a sketch (adding shape
information), there was a slight benefit for adding an EvoFIT (textural information).

In order to ensure that the benefit for the 4-Morph was not due to the presence of the
E-FIT, this experiment was repeated with E-FIT as the `base' composite. The design

and procedurewere identical to the previous experiment. Performancewas compared
for a single E-FIT, an E-FIT/Sketch morph, an E-FIT/EvoFIT morph and the same4Morph for each target. Forty participants were recruited from Stirling University and
All participants were familiar with the targets.
were askedto identify the composites.

Results
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Figure 16: Performance for morphed composites for both E-FIT and PROfit

As can be seenfrom figure 16 the same effect was found. The highest performance
identifications and 22% false
was obtained for the 4-Morph condition (35% correct

142

Chapter 3: Combining Composites

positives), followed by the E-FIT/EvoFIT morph (28% correct identifications and
15% false positives) while similar performance was again obtained for the single EFIT (16% correct identifications and 38% false positives) and E-FIT/Sketch (16%
correct identifications

and 25% false positives) conditions. A Friedman test was

conducted on the hit rate and this revealed significant differences (X=7.971, DF=3, p

< 0.05). Further pairwise comparisonsusing Wilcoxon signed ranks testsrevealedthat
again the 4-Morph performed significantly better than both the single (p < 0.05) and
E-FIT/Sketch (p < 0.05) conditions. The E-FIT/EvoFIT morphs also performed
significantly better than the E-FIT/Sketch morphs (p < 0.05) and almost significantly
better than the single E-FIT's (p = 0.07). False positives did not differ significantly
between conditions (X=5.105, DF=3, p=0.164). An analysis by items revealed that
for half (5) of the targetsthe 4-Morphs performedas well as the other conditions and
for the other half the 4-Morphs performed significantly better than the other
conditions (p<0.05).

These results therefore indicate that combining different types of information from
both multiple witnessesand multiple systemsincreasesperformance. In particular,
theseresults provide further support for experiment 4 and previous research(Bruce et
al, 2002, experiment 1) by revealing that compositesfrom four different witnesses
increasesperformanceabovethe level achievedfor a single composite.

For the 2-Morphs, (or pairs of composites)there was no benefit for adding a sketch.
As these composites were constructed by two different witnesses, this finding is
contrary to the reported findings by Bruce e at (2002, experiment 1) who reported an
increasein performancefor 2-Morphs. This may reflect the type of information that is
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contained in a sketch and suggests that adding featural/shape information does not
serve to increase performance. However, the results suggest that performance does
increase when an Evo-FIT image is added. Evo-Fits obviously

contain shape

information, but it is likely, due to the poor performance of the sketch morphs that the
benefit for adding an Evo-FIT reflects a benefit for adding textural information, which
has been shown to be important in face recognition (e.g. Bruce, 1991; Bruce &
Langton, 1994).

The results so far indicate that when combining multiple compositesfrom the same
system (i. e. PROfit) there is a significant increase in performance when different
This suggeststhat the combination of
witnesses have constructed the composites.
different memorial representationsin the 4-Morph results in an imagethat is closer to
the ideal or prototype. Additionally, the results from experiment 6 indicate that this
`prototypical' effect only occurs when composites are morphed together. However,
the results from experiment 7 indicate that performance may increase when other
types of information are combined (e.g. textural information). The results suggestan
increase in performance when a PROfit is combined with an EvoFIT. However, as
this experiment did not specifically separatecompositeinformation (e.g. texture) from
memorial information, it is unclear whether the increasein performance was due to
the combination of different memories or the combination of different types of
information (e.g. shape from PROfit and texture from Evo-FIT). Experiment 8 will
investigatethis by asking the samewitnessto constructboth an EvoFIT and a PROfit.
Any increase in performance here would suggest a benefit for combining different
typesof information. However if there is no increase,then the slight benefit observed
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in experiment 7 for combining a PROfit and an EvoFIT may be due to the
combination of memorial representations rather than different types of information.

Experiment 8: Multiple systemswith the same witness
The aim of this experiment was to examine performance for morphed composites that

had been constructedby the same witness using different systems.This investigation
was conducted in conjunction with a larger study (Frowd et al, submitted), which
evaluatedseveraldifferent compositestechniques(e.g. PROfit, E-FIT, Faces,EvoFIT,
Sketch Artist) with a more forensically relevant delay of two days between target
Unfamiliar participants were asked to study a
exposure and composite construction.

photograph of a famous male for one minute. Two days later they were asked to
describe the face (cognitive interview) and constructtwo compositesof the target,one
PROfit and one EvoFIT (Stage 1). In stage 2, unfamiliar participants rated the
composites for likeness. In stage 3, a further group of unfamiliar participants
attemptedto `pick out' the targetfrom an array (6 alternative forced-choicetask).

Stage 1: Composite constructionand morphing procedure
Materials
Full-face target photographs were obtained from various famous face databases
available on the Internet. All compositeswere constructedusing PROfit version 3 and
EvoFIT. Composites were morphed using PROmorph, a new morphing programme,
developed by Frowd (2002). PROmorph is similar to Sierra Morph (see pages 103105 for a description) with the exception that PROmorph can morph several images at

images.
any one time, whereasSierra Morph can only morph pairs of
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Participants
Ten participants were recruited from Stirling

University.

All participants were

screened to ensure that they were unfamiliar with at least one target. Each participant
was paid £15.

Design
A 10 (target) by 2 (compositetechnique)mixed design was adopted,with target as a
between-subjects factor and technique (PROfit and EvoFIT) as a within-subjects

factor. Each participant viewed a full-face photographof one target for one minute.
Two days later they were asked to construct two composites of the same target (one

PROfit and one EvoFIT) from memory. Order of construction was counterbalanced
such that five participants constructeda PROfit first and five constructed an EvoF[T
first. There were ten targets and ten participants (1 per target) creating a total of
twenty composites (1 PROfit and 1 EvoFIT per target). See figure 17 for an example.
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Construction Procedure
A verbal description was initially

elicited from each participant (using cognitive

interview techniques) prior to construction. The cognitive interview procedure was
identical to that used in previous experiments (Please see chapter 2, pg. 64 for a full
description).

Each participant was then asked to construct two composites (one

PROfit and one EvoFIT). The procedure for constructing a PROfit composite was
identical to that describedin chapter2 (pleaseseepg. 64 for a description).

EvoFIT Construction Procedure
In order to construct an EvoFIT image, participantsinitially select a hairstyle from the
PROfit database.This hairstyle is then applied to one EvoFIT image using editing
tools available in Photoshop.The operatorthen asks EvoFIT to automatically update
the whole database,so that each face is displayed with the same hairstyle. To
construct an EvoFIT image, each participant is presentedwith a screen displaying
eighteenfacesof averageshapeand texture. The participant is initially askedto study
the facesand choosethose that resemblethe shapeof the target face. If the participant
do not resemble the shape of the target face, they are shown
states that the faces

another set of eighteenfaces. Participantschooseapproximately six faces (often one
or two from each set) that representthe best face shape(and from thesethey are asked
to select the `best' shape). EvoFIT then updatesthe population of faces, so that all
faceshave the sameshape(the bestshape)but differ in texture. Each participant again
from these are asked to pick the best one.
selects six faceswith the `best' texture and
The bestshapesand texturesare then presentedand the participant is askedto pick the
`best' face (closest representationof target). It is then possible to manipulatethe face
features using an integral morphing programme.
and the size and shapeof individual
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EvoFIT then `breeds' togetherthe information from the shapeand texture choices to
create a new set of faces. This process can continue for up to six generations (average

of 4 generationsin this investigation) and can take between 2 to 3 hours. Due to the
length of this procedure, participants were given a short break (5 to 10 minutes)
before the construction of the second composite.

Each pair of composites (i. e. the PROfit and EvoFIT composites that had been
constructed by the same participant) were morphed together using PROmorph.
Participantswere not presentduring this procedure.

Stage2: Likeness Ratings
Materials
All compositeswere presentedwith a monochromefull-face photographof the target.
All images measured 13cm in height. The photographswere edited using Microsoft
Photo Editor to ensurethat brightnessand contrastwere constant.

Participants
Twenty participants aged 25 to 55 years were recruited from an Open University
summer school based at the University of Stirling. All participants were unfamiliar
with the targets.

Design

There were three compositesper target (1 PROfit, 1 EvoFIT and I morph). As there
were 10 targets, this resulted in a total of thirty composites(10 PROfits, 10 EvoFITs
and 10 morphs). Each composite was printed on a single sheet of A4 paper and
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displayed with one monochromefull-face photographof the target (on the samesheet
of A4 paper). All thirty composites were randomly ordered in one presentation
booklet. Unfamiliar participants rated all compositesfor likeness on a scale from one
(low) to ten (high). Presentation order was randomised.

Results
Equivalent rates were observedfor both the EvoFIT composites (mean 3.7 S.D. 1.2)
and the morphed composites (mean 3.7, S.D 1.3), while the PROfit composites
yielded the lowest performance (mean3.1 S.D 1). A3 (type) by 10 (target) repeated
measuresanalysis of variance revealed a significant effect of type of composite (F
(2,38) = 9.805, p<0.01) an effect of target (F (9,171) = 10.196, p<0.01)
interaction (F (18,342) = 10.329, p<0.01).

and an

Further paired samplest-tests revealed

that performance for the PROfits was significantly lower than both the EvoFIT
(p<0.05) and morphed composites(p<0.05). Further analysesusing one-way repeated
measures anovas and paired samples t-tests revealed that for seven targets the
morphed compositesperformedbetter than the PROfits (significantly so for 5 targets,
p<0.05). Similarly, for five of the targets the EvoFITs performed significantly better

than the PROfits (p<0.05). Therefore, the lowest performance was observed for the
levels were obtained for the EvoFITs
single PROfits, while equivalent performance
is
benefit for combining a PROfit and an
and morphs. This indicates that there no
EvoFIT when the samewitness has constructedboth compositesand suggeststhat the
benefit observed in experiment 4 was primarily

a result of combined memorial

than combined shape and textural information.
representations, rather

In order to

examine this further the composites were evaluated using a six-alternative forcedchoice array task.
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Stage 3: Six-alternative forced-choicearray task
Materials
To create the arrays,five distractorswere chosenfor eachof the four target faces.
These were chosen on the basis of the verbal descriptions. These descriptions were
often extensive and varied, so distractors were matched only on information

concerninghair, face shapeand age.Thesewere presentedwith the target asblack
and white photographson a single sheetof A4 paper.Microsoft Photo Editor was
usedto ensurethat brightnessandcontrastwas consistent.

Participants
Forty participants were recruited from an Open University summer school basedat
the University of Stirling. All participants were agedbetween32 and 56 years of age
and were unfamiliar with the targets.

Design
There were thirty compositesin total (1 PROfit, 1 EvoFIT and 1 Morph for each of
the ten targets).To ensurethat participants saw only one type of composite for each
target, all composites were divided into five separatepresentation booklets using a
Latin square design. The booklets were balanced for condition (i. e. they contained 2
PROfits, 2 EvoFITs and 2 Morphs) and rotated around target. Each composite was

presented with a target present array. Unfamiliar participants were asked to try to
`pick out' the targetfrom the array. There were a total of eight attemptsper booklet.
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Procedure
Participants were told that the composites were constructed from memory and that
they represented a likeness of the original target. Participants were asked to examine
the images closely and were told that the target may or may not be in the array. They
were asked to indicate whether or not they thought the target was in the array. If they
thought the target was present, participants were asked to point to the appropriate
photograph. This procedure was repeated for all six targets.

Results
The morphed composites achieved 27% correct matches, followed by the EvoFIT
PROfits yielded the lowest performance
composites (25% correct matches), while the
(23% correct matches). Performance was low and did not differ significantly between
DF=2, p >0.05). An analysis by-item revealed no significant
conditions (X2 =. 146,
differences (X2 = 39.371, DF=29, p >0.095). While the differences were not
in line with the likeness ratings, by indicating that the
significant, the trend is clearly
from the same witness does not serve to
combination of two different composites
increase performance.

These results therefore suggestthat the observedbenefit for combining a PROfit and
EvoFIT in experiment 7 seemsto be primarily due to the combination of memorial
information. In
representationsrather than the combination of textural and shape
4 indicated that morphs perform well when they contain
addition, while experiment
from experiment 7 indicate that
compositesfrom four different witnesses,the results
from two different witnesses are
performance can also increase when composites
by Bruce et al (2002, experiment 1) who
combined. This supports previous research
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reported a smaller increase in performance 2-Morphs (2 PROfits) compared to 4Morphs.

However, the results from experiment 7 also indicate that 2-Morph performance is
dependent on the tie

of information that is combined. While the results indicated a

benefit for adding an EvoFIT to either a PROfit or an E-FIT, no such benefit was
observed when a sketch was added. This suggests that performance for morphed
composites

may

not be entirely

due to just

the combination

of memorial

representations, but that the nature of these memorial representations may also be an
important factor. This finding may be specific to sketches, or other line drawn
composite systems such as Mac-A-Mug Pro, as benefits for combining PROfit, E-FIT
and EvoFIT composites have been observed. However, as forensic sketches are still
used as investigative tools in the U. K., further investigations should be undertaken to
examine the effect of combining these images with other composite images.

General Discussion
The results from experiment 4 indicated that combining composites from four
different witnesses increased performance above the level achieved for a single
composite. Experiment 1 reported consistently high performance for composites that
had been morphed from different witnesses using the same system. This supports
previous research (McNeil et al, 1987; Bruce et al, 2002, experiment 1) and initially
suggested that morphed composites performed well

because they contained a

combination of different memorial representations. Experiment 5 examined this in
from single and multiple witnesses. The
more detail by morphing composites
results
indicated significantly

higher performance for the morphs from multiple witnesses
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compared to the morphs from single witnesses. This suggests that morphed
composites perform well because the combination of memorial representations results
in an image that may be closer to the ideal image or prototype (e.g. Solso &
McCarthy, 1981; Bruce, Doyle, Dench & Burton, 1991; Homa et at, 2001).

Similarly, the results from the identification task in experiment 4 also suggestedthat it
may be possible to perceive an image that is closer to the ideal image (e.g. Leopold et
al, 2001) when multiple composites were presented. Bennet et al (1999) had
previously reported an increase in performance when four composites of similar
quality were presented.However, this investigation has extended this researchby
revealing that four composites of varied quality (from worst to best) could also
perform well. This initiall

suggestedthat the differing quality of eachcomposite may

have affected the perception of subsequentcomposites, as reported by Webster &
MacLin (1999) and Leopold et al (2001) and resulted in the perception of an image
that is closer to the ideal or prototype. However, experiment 6 investigated this in
more detail by asking participants to provide self-reported identification strategies.
The results indicated that overall participants preferred using only one composite to

basetheir identification decision and identifications basedon a single compositewere
generally more accurate. This suggested that participants were not referencing
information from all compositesand provided further support for the presentationof a
single morphedcomposite.

Similarly, while morphed composites performed well using PROfit, it was unclear
whetherthis effect would still be obtainedwhen compositesfrom different composite
in images that contain
systems/techniqueswere combined. As thesetechniquesresult
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very different

types of information

it was unclear what effect these types of

information may have on the resulting morph. Therefore, experiment 7 attempted to
from different witnesses and systems
replicate the 4-Morph effect with composites
different type of image could increase performance
and investigated whether adding a
for a single composite. The results revealed that combining composites from four
different witnesses and systems resulted in an image that performed significantly
better than a single composite. This initially suggested that performance for a single

composite could be increasedwhen textural information was added (EvoFIT) but not
featural/shapeinformation (Sketch).Experiment8 investigated whetherthe benefit for
adding an EvoFIT was due to the combination of memorial or composite
(texture/shape)information. PROfits and EvoFITs were morphed using composites
that had been constructedby the samewitness and the results indicated no increasein
performance when both imageswere morphed.This suggeststhat the benefit observed
in experiment 7 was primarily due to the combination of memorial rather than
composite(texture) information.

The results from all of the experiments in this chapter indicate that performance for
dependent on the type of information
morphed composites is
four composites results in a significantly
combination of aay

combined. The

better image, when

different witnesses have constructed the composites. Similarly, a smaller increase in
be observed when composites from two witnesses are combined
performance may
(Experiment 4&

Bruce et al, 2002, experiment 1). However, this 2-Morph effect is

dependent on the type of composites that are combined. Performance increases when
1) and when a PROfit/Etwo PROfits are combined (Bruce et at, 2002, experiment
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FIT and EvoFIT are combined (experiment 4) but not when a PROfit/E-FIT

and

Sketch are combined.

These results are particularly

important

with

regard to current construction

procedures, as they indicate that the best performance levels are obtained when

compositesfrom four different witnessesare combined. At presentonly one witness is
invited to construct a composite, while other witnesses are kept for other
identification procedures(e.g. line-ups). As such, the recent ACPO guidelines stated
that "The production of a composite image with multiple witnesses must not be
attempted, as this will amount to cross contamination of each witness's primary
memory" (pgll). While this guideline does not specifically prohibit the construction
and combination of compositesfrom more than one witness, it doesnot actually state
that compositesfrom more than one witness can be constructed,nor does it statethat
thesecompositescan be usedin combination.

As there is no way at present, of determining which witness will construct the `best'

from this investigation and previous research (e.g.
quality composite, the results
McNeil et al, 1997; Bennet et al, 1999; Bruce et al, 2002, experiment 1) all indicate
that it would be beneficial to obtain composites from multiple witnesses. As the
experimentsin this chapterhave revealed,the bestand most consistentperformanceis
observedwhen compositesfrom four different witnessesare combined, while smaller
increasesin performance can be obtained when composites from two witnessesare
combined.
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To conclude, chapter 2 revealedthat the presentationof composites from the same
witness in two different views increasedperformanceabove the level achieved for a
single full-face composite.This chapterdid not find an increasein performance when
composites from the same witness were presented (either morphed or multiple) but
instead revealed that performance can increase when composites from two witnesses

are combined. However, the highest and most consistent performance levels were
obtained when compositesfrom four different witnesseswere combined. Importantly,
this chapter has revealed that composite performance is dependent on the type of
information presented. Chapter 4 will also investigate the combination of different
types of information. This chapter focuses primarily on verbal descriptions and will
ask whether the presentationof a composite and a verbal description from the same
witness will serve to increase performance, above the level obtained for a single
composite. The nature of the relationship between verbal descriptions and composite
performancewill also be examined.
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4
Composites and Verbal Descriptions from the Same
Witness

The previous chapters have investigated different procedures for improving the
verification

of composite images. Chapter 2 investigated

whether composite

performancewould increasewhen the compositeswere constructedin a three-quarter
view. The results indicated that performancefor three-quarter view compositeswas
better when the target had been seen in a three-quarter view. Similarly, the results also

indicated that when two compositesfrom the sameparticipant witness were presented,
for a single full-face composite.
performance increased above the level observed
Furthermore, chapter 3 investigated whether the combined use of memorial
information from more than one witness would also serve to increase composite
from four different
performance at test. The results indicated that when composites
form a new morphedimage, performancewas as good as
witnesseswere combined to
or betterthan the best single composite.
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Therefore, the results from both chapters 1 and 2 indicate that performance can
increase when different
information

types of information

are combined at test. While this

has so far been confined to information contained within a composite

image (either during construction or at test), another important source of information
is the verbal description that is used to construct the composite. While composite

systemshave beendevelopedin order to aid eyewitnessrecall, verbal descriptions are
information about a face.
still the most important meansof communicating

Verbal descriptions are obviously an important source of information in composite
construction, as the description provided by a witness is used as the `starting point'
for construction. However, one reason why verbal descriptions are particularly
important in a forensic context is that there is no formal method at present, of
determining which witness will construct the `best' composite likeness.Factors such
as confidence (e.g. Sporer, Penrod,Read & Cutler, 1995), perceived memory ability
(Woodhead, Baddeley & Simmonds, 1979), intelligence (e.g. Brown, Deffenbacher &
Sturgill, 1977), occupation (Ainsworth,

1981) viewing distance and sex of subject

(Christiaansen, Sweeney & Ochalek, 1983) have all been shown to be very poor
indicators

of eyewitness accuracy. One recent investigation

has indicated a

dependency) and recall performance
relationship between cognitive style (field
(Emmet, Clifford and Gwyer, in press),however it is unclear whether cognitive style
would be a positive indicator of composite performance. Therefore, as there is no
accurate indicator of performance, the most readily available indicator (to police
description suppliedby a witness.
operatives)is the amount of verbal
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The use of descriptionsas indicators is highlighted in the current ACPO (Association
of Chief Police Officers) guidelines. The guidelines state that "... each witness should
be assessed individually

on their level of recall to produce a composite image. One

image should then be produced using a witness with good recall... "(pgl1).

This

statement clearly states that witnesses should be assessedon their `level' of recall but

there is no indication of what is meant by `good' recall. Similarly, further statements
fail to expand on this, "The witness must have a clear mental image of the personand
more importantly can visualiseor describehowever simply, the facial features..." (pg.
11). As illustrated, these guidelines are very ambiguous and as a result, different
compositeoperatorsuse different criteria (personalcommunications).Some operators
will only construct an image with a witness who can fully describe all of the facial
features,while others will constructa compositewith a witness who cannot recall one
or two features. However, there is much ambiguity as this often depends on the
feature. A witness is more likely to be asked to construct a composite if they cannot
recall the ears and nose, rather than key features such as eyes and hairstyle. Most
operators however, will not ask a witness to construct a composite if that witness
cannot recall two or more key features.

Interestingly, Gabbert, Dupuis, Lindsay and Memon (2003) recently questioned
sixteen compositeoperatorsin Scotlandand askedthem to statehow they determined
the quality of a verbal description. The data revealed that the most important factors
were attention to detail, exposure to perpetrator, amount of detail, followed by
corroborationof evidence,reliability of witness and confidence of witness. This again
field operatorsuseto determine the
revealsthat two of the most important factors that
quality of a verbal descriptionare the type and amountof detail.
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This raisestwo important issues.The first is that it is unclear how much information a
witness should recall. While it is clear that a witness should describe the facial
features, what does `however simply' mean? Does it matter whether a witness can
only recall one descriptor for each feature (e.g. black hair, blue eyes, long nose, wide
mouth etc), or should they provide a fuller more detailed description? Second and

more importantly is the underlying assumption that the reconstruction ability of a
witness can be determinedby the amountof information they can recall and describe.

Amount of information recalled
Shepherd,Davies and Ellis (1988) conducted three experiments where participants
were required to describe unfamiliar and familiar faces, from memory and with the
target photograph present.Further groups of participants were then asked to identify
the person depicted in the description either from memory or from an array of four
photographs(1 target, 3 distractors).They reportedthat participants only generatedan
averageof 7.5 descriptors when asked to describe a face with the target photograph
present and 5.7 when asked to describe a familiar colleague from memory. More
importantly, longer descriptions did not result in an increase in performance, leading

the authors to suggestthat shorter, more precisedescriptions may be more effective
than longer descriptions.Theseresults indicate that only a very limited description is
needed in order to make a successful identification. However, a more important
question to consider is whether the amount of verbal description is indicative of
performance on a subsequent task.
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Do good describers make good recognisers?
Much research has examined the relationship between verbal descriptions and

performanceon subsequentrecognition tasks. Goldstein, Johnson & Chance (1979)
examined whether people who were good at describing faces were also good at
recognising them. More specifically, they asked whether the way in which a witness

described a face would have any relation to the accuracy of that description. For
example, if a witness described a face clearly and fluently, would they be more
accuratethan a witness who was more hesitant?In their investigation `gold standard'
descriptions of ten targets were compiled by three judges using the FFAL (Facial
Features Checklist). In the study phase participants were presented with each
photograph for 2.5 seconds. Immediately after presentation, each participant was
asked to use the FFAL to compile a description of the target. The participant
descriptionswere comparedwith the `gold standard'descriptions and accuracyscores
(%) for each participant's description were calculated. The results revealed that
descriptions from memory were poorer than the `gold standard' descriptions. In
addition, the results indicated a fairly narrow range of accuracy scores (29%-63%),
with the `best' describer correct on only 14 out of 23 items. This narrow range

indicated that while participants appearedto differ in their ability to describe a face,
describable.
not all faces were equally

The recognition task took place one week later and was unrelated to the description
phase (i. e, different targets were used). In the study phase, ten new faces were
inter-stimulus interval of 0.5 seconds.At test,
presentedfor 2.5 secondseach, with an
all thirty-nine faces were presentedand participants were required to make a standard
old/new judgement.

Participantswere remindedthat only ten faceshad been presented
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at study and were askedto try and make only ten old judgements.The results revealed
no correlation between accuracy of description and recognition performance. The

recognition data was split into three groups (best, middle, worst describers) and the
results suggested that better describers were slightly better recognisers. However,
there was little evidence for a predictive relationship between verbal ability and

recognition performance.

These results indicate that better describersare slightly better recognisers.However,
this investigation did not test whether a description related to the identification of the
sameface. Pigott & Brigham (1985) were the first to test this in a more forensically
relevant experiment. A2

(depth of processing) by 2 (array type) by 2 (target)

between-subjectsdesign was adopted. A live target entered the testing room for
fifteen secondsand participants were askedto rate either how honesthe looked (deep
encoding) or how tall he was (shallow encoding). Participantswere then required to
by completing a description checklist. This
provide a description of the target
checklist required participants to describe both facial (e.g. hair colour/length/style,
skin colour, eye colour/shape/brow) and physical characteristics (e.g. weight, build,

sex, age, height etc). Participantsthen individually viewed one line-up (target present
or absent) and were told that the target may or may not be in the array. All
participants were then asked to rate how confident they were in their decision.
Accuracy was measuredboth by comparingparticipant descriptionsto those compiled
by judges and by comparing participant descriptions to the person chosen from the
line-up (target or distractor), termed description congruence.The results revealed no
relationship between description accuracy and recognition performance. Similarly,
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there was no relationship between description congruence and recognition accuracy.

Depth of processingalso had no effect.

Therefore, Pigott & Brigham (1985) failed to support the finding by Goldstein et al
(1979) that better describerswere slightly betterrecognisers.However, Goldstein et al
did report an effect of target. Similarly, both studies only examined the relationship
between description accuracyand recognition performance and did not measurethe
amount of description provided.

Wells (1985) extended this research by investigating whether faces that were easy to

describe were also easy to identify, measuring both amount and accuracy of
description. In this investigation participants were presentedwith a target face and
were asked to make a trait judgement. They were then required to describe and
attempt to recognisethe target from either a target presentor target absentarray. Two
judges scored the descriptions. Each judge initially counted the number of facial
features described to give a score for completeness.Then each judge scored the
descriptions for accuracy, assigning values of -1,0

and 1 for each feature according

to whether the description was inaccurate,ambiguousor accurate.Descriptions were
then codedfor congruenceby assigningthe samevalues (-1,0 and 1) except that the
descriptionswere now comparedwith the chosenphotograph(facechosenin the array
task) rather than the actual target photograph. The results revealed that description
completeness did not correlate with either description accuracy or congruence.
However, there was a low (0.27) correlation between description accuracy and
recognition performance.Wells suggestedthat as this correlation was not observedin
the Pigott & Brigham (1985) investigation, that the effect may be due to target
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had described and attempted to recognise each
characteristics. As two participants
target, it was therefore possible to examine this further, by comparing the first
participants'

description with the second participants'

recognition

attempt. This

between-subject correlation was the same as the within-subject correlation. Further
analyses examined whether one participants description of a face could predict
another participants recognition performance of the same face. The between-subject
correlation

was again similar to the within-subject

correlation,

leading to the

between description and recognition was not due to
conclusion that the relationship
the ability of individual participants, but could instead be explained by the finding that
faces that were easy to describe were also easy to recognise.

The results from these investigations therefore indicate that there is no relationship
between the amount of descriptors recalled and subsequent recognition performance.
More specifically, participants who provide full, detailed descriptions are not more
likely to perform better on subsequent recognition tasks. Similarly, the amount of
description (number of descriptors) does not appear to correlate with accuracy of the
description.

Why can't descriptions predict recognition performance?
The results from the previous experimentsindicate that recall and recognition yield
different results. Similarly, research has indicated that we are much better at
(e.g. Shepherd & Ellis, 1973;
recognising faces than we are at recalling them
Shepherd,Ellis & Davies, 1978). When we recognisea face, the target information
(face) is provided and it is necessaryto retrieve some contextual information (e.g. is
this the personI saw earlier?). However, when we recall a face, aspectsof the context
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are often provided (e.g. through context reinstatement)but it is necessaryto retrieve
the target (facial) information.

A great deal of research has indicated that the process of retrieving facial information
may be contrary to the way in which faces are normally processed. Many studies have

clearly demonstrated that both unfamiliar and familiar faces are perceived and
recognised holistically (e.g. Carey & Diamond, 1977; Haig, 1984; Sergent, 1984;
Young, Hellawell & Hay, 1987; Tanaka & Farah, 1993; Hole, 1994; Tanaka &
Sengco, 1997; seechapter 1 for a review of literature). However, in order to retrieve
and describe facial information, it is necessary to `break down' the face into its

constituent parts, a processthat seemsto be at odds with the way in which faces are
processed.

Similarly, researchon word recognition has highlighted the independent nature of
recall and recognition (e.g. Tulving & Watkins, 1973; reviews by Flexser & Tulving
1978,1982). The results from theseexperimentshave indicated that participants can
recall a word then fail to recognise it on a subsequentrecognition test. This finding
had beentermed retrieval independence,wherecues that are presenton a recognition
task are uncorrelated with those on a recall task. This finding together with the
investigationsdiscussedearlier indicate that verbal descriptionsare unlikely to predict
recognition performance. However, while verbal descriptions appear to be
betweencomposite construction,
uncorrelatedwith recognition tasks, the relationship
recall and recognition is lessclear.
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Composites, descriptions and recognition
Davies, Ellis & Shepherd (1978) examined the effect of constructing a composite
(Photofit)

on subsequent recognition performance. Groups of participants were

required to either construct a Photofit and perform a subsequent recognition task, or
just perform the recognition task. The results revealed no significant difference in
recognition performance, although performance after composite construction was
slightly lower. Similar results have recently been reported by Brace and colleagues

(2002) who found no decrementin recognition following E-FIT construction. While
these investigations suggest that reconstruction and recognition tasks may be
uncorrelated,no comparisonwas madewith the verbal descriptions.

Maudlin &

Laughery (1981) examined the relationship between composite

construction

(Identikit)

and

verbal

descriptions

on

subsequent

recognition

performance. After presentation of a target face participants were asked to either
construct an Identikit (group 1), complete an adjective check list and write a
description of the target (group 2) or completea personality inventory (control group).
The test phaseconsistedof a standardold/new recognition task at varying time delays
(30 minutes and 2 days). The results revealed that the participants who had
constructed the Identikit (mean 5.5) performed better on the recognition task than
either the description (mean4.9) or the control groups (mean4.2). There was also no
effect of delay, which led the authors to suggestthat the benefit for constructing a
composite may have been a result of the development of more effective retrieval
mechanisms during construction.
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These results indicate that composite construction may be uncorrelated with
recognition performance. However, in order to examine the relationship between
in more detail, it is necessary to
verbal descriptions and composite construction
examine whether verbal descriptions can predict composite performance.

Composite construction and verbal descriptions
While it has beensuggestedthat a witness's ability to verbally describe a face is a key
limiting factor in compositeconstruction(e.g. Laughery & Fowler, 1980), Christie &
Ellis (1981) argued that descriptions may contain useful and accurate information.
However, the difficulty may lie in transferring these descriptions into an accurate
visual likeness.

In their investigation, (Christie & Ellis, 1981) participantswere askedto both verbally
describe and construct a Photofit likeness of a target face from memory. There were
six target faces and six participants per target. In addition, as a control condition all
participants constructed a composite of another target with the reference photograph
Order of construction was counterbalanced such that half of
available for inspection.

the participantsconstructedthe target-presentcompositefirst and half constructedthe
from-memory composite first. Participants were asked to describe the face
immediately after a one-minuteexposureto the target photograph.

All compositesand descriptionswere evaluatedusing array and sorting tasks. For the
array tasks,the compositesand descriptionswere

divided into separatesetsof six (i.e.

6 descriptions,6 compositesfrom memory etc). Each set of six was presentedwith an
array of twenty-four photographs(6 targets and 18 distractors) and participants were
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asked to try and `pick out' each of the six targets. For the sorting task, a further set of
participants were given the target photographs together with either the from-memory
composites, the target-present composites or the descriptions. They were asked to
match each image to its corresponding target.

The results revealed that the descriptions performed significantly better than the
composites(both from-memory and target-present)in both tasks, suggestingthat the
descriptionscontainedmore identifiable information than the Photofits. Interestingly,
the authors reported that there was an increasedlikelihood of an accurate Photofit,
when the description was more detailed (contained more descriptors). When the
descriptions and compositeswere presentedtogether, performance did not increase
significantly abovethe level achievedfor the descriptions alone. Interestingly, in this
condition, thirty-five out of sixty participants reported finding the descriptions more
useful than the Photofits, while only ten participantsfound the Photofits useful.

Theseresults clearly indicate that verbal descriptionscan contain useful information.
The authors however suggest that the difference in performance between the

descriptionsand Photofits may have beena result of the construction process,in that
the act of constructing the composite may have interfered with the internal
representationof the face. Therefore while initial recall may be good, the presentation
of similar featuresduring constructionmay havecausedthe image to `disappear',thus
resulting in a poorer composite image.

However, as stated in chapter one, the older mechanicalcomposite systemssuch as
Photofit producedvery poor facial likenesses(e.g. Ellis, Shepherdand Davies, 1975).
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Photofit was limited in the number of features it contained, especially key features
such as hair and face shape (Ellis, 1986). Similarly, the shading boundaries that
occurredwhen Photofit featureswere placed togetherwas found to impair recognition
(Ellis, Davies and Shepherd, 1978). This led Ellis et al (1978, pg305) to state that
"... Photofit is too crude an instrument for the generally successful recall of faces... "

Given these findings, it is unclear whether the benefit for verbal descriptions in the
Christie and Ellis (1981) investigation was influenced by the superiority of
descriptions or the inferiority of the Photofit system. As researchhas indicated that
mechanical systems produce very poor likenesses and indeed produce poorer
likenessesthan those constructedby sketch artists (Laughery & Fowler, 1980), it is
perhaps unsurprising that verbal descriptions were found to contain more useful
information than Photofit images.Therefore, it is unclear how useful descriptions are
and how they compareto compositesthat have been constructedusing more modern
computerised systems such as PROfit.

Recent findings by Gabbert, Dupuis, Lindsay and Memon (2003) indicate that

perhaps the results reported by Christie and Ellis (1981) were influenced by the
inferiority of the Photofit system.The Gabbertet al (2003) investigationexamined the
relationship between verbal descriptions and E-FIT

performance. In their

investigation, each description was presented with a six-person, target present
photographic array. Participants were then required to rate the degree of similarity
betweenthe description and eachof the six photographson a scale from 1 (not at all
similar) to 9. This determineda mean rating for each description. In addition, the EFIT compositeswere also rated for likenessagainstone photographof the target.This

169

Chapter 4: Combining descriptionsand composites

allowed a comparison to be made between the description ratings and the composite
ratings. The results revealed no association between the two measures, leading the
face does not relate to the
authors to suggest that the ability to accurately recall a
ability to construct a good composite.

Therefore, there are conflicting results regarding the predictive utility of verbal
descriptions in composite construction. The results by Gabbert et al (2003) suggest
that positive findings reported by Christie and Ellis (1981) may have beeninfluenced
by the inferiority of the Photofit system. However, as the Gabbert et al findings are
basedon similarity ratings and not on identification, the differing results may in fact
reflect task demands.Similarly, Gabbert et al do not report any findings concerning
the amount of description reported, nor do they state how well the descriptions
performed. Therefore, the exact nature of the relationship betweenverbal descriptions
and compositesis still unclear.

Aims
This investigation will therefore initially

examine the relationship between verbal

descriptions and composites constructed using PROfit. Experiment 1 will examine the
description and performance of the
relationship between the amount of verbal
2
by comparing the amount and
resulting composites. Experiment will expand on this
different set of targets.
accuracy of descriptions with composite quality using a

In addition, as chapters2 and 3 have indicated that composite performance increases
when more information is presented,this investigation will also examine whether
performance will

increase when composites and descriptions from the same
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Christie and Ellis (1981) reported no increase in
participant are presented together.
performance for combined composites and descriptions, however, the composites
were of poor quality.

Experiment

3 will

therefore examine performance for

descriptions and PROfit composites presented alone and together. The results from
chapters 2 and 3 have indicated that performance increases when memorial
information is combined at test, rather than just more information. Experiment 4 will
expand on this by examining performance for composites, participant generated
descriptions and `perfect' descriptions (generated by two independent judges).
Composites and descriptions will
participant

be presented alone and together. That is, the

generated composite will

be presented with

both its corresponding

description (from the same participant) and with a `perfect' description. It is expected
that `perfect' descriptions will perform better than participant generated descriptions
both when presented alone and when presented with a composite.

Experiment 9: Is amount of description correlated with composite quality?
Christie and Ellis (1981) had reportedan increasedlikelihood of an accuratePhotofit,
detailed (i.e. contained more descriptors). This
when the description was more
investigation will thereforeprovide an initial examination of the relationship between
the amount of description provided and the quality of composites using a more
modem computerisedcompositesystem (PROfit). This experiment used the full-face
composites that were constructed for experiment 1 (chapter 2). The construction
procedurewas therefore identical. Participantswho were unfamiliar with the targets
were askedto view a thirty-second video clip of one target. The operator then used
cognitive interview techniquesto elicit a verbal description. Each participant was then
(one in a full-face view and one
askedto construct two compositesof the sametarget
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in a three-quarter view). Please see chapter 2, pg. 64 for a full description of
procedure. All full-face composites had been previously rated for likeness against a

photographof the target, on a scale from 1 (low) to 10 (high). This experiment will
therefore examine each description and mark the amount of descriptors provided.
Correlations will then be performed on the number of descriptors and the quality of

the compositefor eachparticipant.

Stage 1: Coding verbal descriptions
Materials
This experiment used compositesand descriptions of targets (female staff members
from the psychology department)that had beenconstructedfor experiment 1 (chapter
2). During composite construction the experimenter had written each verbal
description on a standardcomposite description sheet.This sheet was adaptedfrom
those usedat GrampianPolice force (pleaseseeappendix for an example). This sheet
contains a list of facial features (face shape,hair, eyes, eyebrows,nose, mouth, ears)
with space between each feature to write the correspondingdescription (please see
chapter 2, page 64 for a description of interview procedure).

Coding descriptions
For every description each unit of information or descriptor was marked and verified
by a secondindependentjudge. Minor inconsistenciesin marking between the judges
first description had been assessed.This was mainly caused
were identified after the
by one judge marking `fleshy round cheeks' as one unit of information, whereasthe
A
be
secondjudge felt that they should treated as two units. consensuswas reached
and every descriptor that provided information about a particular feature was marked
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(e.g. fleshy and round were marked as two descriptors). As well as marking all
adjectives (repetitions were not marked), all attributional comments were also marked
face'.

e.g. `friendly
difference
attributional

in

Shepherd, Ellis & Davies (1988) previously

performance for descriptions

statements, however attributional

that contained

reported no

both physical and

statements alone led to very poor

identification performance.

When each descriptor had been marked, the total number of descriptors was added
together to give a total recall score for each participant. In addition to marking the
total number of descriptors, it was noted that many descriptions contained `negative'
descriptors. That is, some participants could not actually describe the size or shape of
a feature (e.g. round) but they could recall that it was not a different shape (e.g. it's
not rectangular). It is important to note that a distinction

was made between a

`negative' descriptor and a negative statement (e.g. she isn't wearing earrings). If a
unit of information

was clearly

stating that the target did not have certain

characteristics (e.g. she doesn't have wrinkles) then this was marked as a positive

descriptor. In addition, some participants appearedto reach a description through a
processof elimination. For example,one participant statedthat the `face is not round,
not long, not thin, not fat or chubby'. However, they did not actually state what shape
the face was. Dunning & Perretta (2002) had reported that participants who made
identifications automatically were more accurate than those participants who
consciouslythought about their decision. Therefore, it is possiblethat these `negative'
descriptors either reflect a more conscious search process, or reflect general
uncertainty, perhaps resulting in a less accuratedescription and/or composite. These
`negative' descriptorswere therefore also coded separately,resulting in three scores
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for each participant, one total recall score, one `positive' descriptor score and one
`negative' descriptor score.Figure 18 provides an example of the coding procedure
using the description given by participant number 3. The light blue colour denotesa
marked descriptor and the yellow colour denotesa marked negative descriptor. The
total recall score for this participant was 26, with 22 `positive' descriptors and 4
`negative' descriptors.

Middle aged- 40's. Friendly face. Isn't wrinkly. Not a double chin but
11W,

chh.

quite plump face with fleshy rin

A lot

Not a really strong jawline - not angular. Deep lines around the mouth - laughter
lines. Hair is short and blonde - M.

Brown eyebrows.Blue eyes that are normally

spaced apart. Lines underneaththe eyes but not much. Nose isn't too big - not
prominent. In the middle and in proportion. A bit pointy from the side. A small
triangular mouth with a big bow in the middle.
Figure 18: Example of coding procedure

Composite evaluation

In experiment 1 all full-face compositeswere rated for likeness by twenty unfamiliar
participants on a scaleof I (low) to 10 (high). A comparison was then made between
the mean likeness rating and the amount of description recalled for each participant's
composite.

17A

Chapter 4: Combining descriptionsand composites

Results: Verbal descriptions
The amount of information recalled and the composite likeness ratings were initially

subjected to separate analyses. Each participant recalled between 14 and 28
descriptors (mean 21.5, SD 4.4). The data was split into eight descriptive categories,
for general information and one category for each of the
which included one category

seven main physical features (i.e. 1-general information including age, build,
attributions, 2- facial shape,3- hair, 4-

eyebrows,5- eyes, 6-nose, 7-mouth, 8-

ears). A4 (target) by 8 (feature) repeatedmeasuresanalysis of variance revealedno
effect of target (F (3,9 = 0.247, p=0.861), a significant effect of feature (F (7,21 =
29.624, p<0.001) and no interaction (F (21,63 = 1.093, p=0.379). Further analyses
(one-way repeated measure anovas and paired samples t-tests) on each target,
revealed that while the pattern of description differed slightly for each target, in
general more descriptors were recalled for external features compared to internal
features,with the exception of ears,seefigure 19.
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Figure 19: Mean no of descriptors recalled for each feature and target
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Composites
The mean likeness ratings for composites ranged from 1.65 to 6.45 (mean 4.2, SD
1.6). A one-way repeated measures analysis of variance revealed a significant effect
of target (F (3,57 = 24.011, p<0.001). Further analyses using paired samples t-tests
revealed that the composites for target 2 (mean 2.9, SD 1.5), obtained significantly
lower likeness ratings than either target 1(mean 4.5, SD 1.3), target 3 (mean 4.5, SD
1.2), or target 4 (mean 4.9, SD 1.1), (p<0.001 for all). This indicates that while
participants could recall information about target 2 and describe the features well (see
figure 2) there was difficulty

in translating this description into a `good' quality

pictorial representation. As the pattern of descriptors recalled was similar to the other

targets, this indicates a possible difficulty with the representationof features within
PROfit, rather than a memorial difficulty.

Relationship between verbal descriptions and composites

30
25
20
15
10
5

f Total
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0

0

1234567
mean likeness rating

Figure 20: Graph illustrating

the total amount of information
for each participant
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The total amount of information recalled and the mean likeness ratings for each
figure 20. As can be seen, there is no clear relationship
participant are displayed in

betweenthe amountof descriptorsrecalledand the quality of the resulting composites
and a correlation (Pearson) revealed no significant association (r =0.278; n=16;

p=0.297). The number of negative descriptors was then compared with the mean
likeness ratings and again no significant associationwas observed (r=0.234; n=16;
p=0.384). The only significant associationsobtained were between the number of
positive and negative descriptors and the total amount of information recalled
(r=0.876; n=16; p<0.001for positives andr=0.586; n=16; p<0.05 for negatives).

Correlationson eachindividual target revealedthat for two of the targetsthere was in
fact a low negative correlation between the amount of information recalled and
performanceof the resulting composites(Target 1= r=-0.149; n=4; p =0.851: Target
2= r=-0.149; n=4; p =0.851). However, there were low to moderate positive
(Target 3= r=0.653; n=4; p =0.347: Target 4=
correlations for the other two targets
While these results indicate that there are no statistically
r=-0.274; n=4; p =0.726).

information recalled and composite
significant associationsbetween the amount of
likeness ratings, the pattern of association clearly differs between targets. This is
interesting considering that the amount of information recalled did not differ
significantly betweentargetsand will be investigatedfurther using different targetsin
experiment 10.

These results therefore do not offer any clear evidenceto support the suggestionby
Christie and Ellis (1981) that participants who provide larger descriptions (i. e.
better quality composites.
contained more descriptors) are more likely to produce
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Instead, the results are similar to those reported in recognition studies (e.g. Pigott &

Brigham, 1985; Wells, 1985; Shepherd,Davies and Ellis, 1988), and support Gabbert
et al (2003) by clearly indicating that there is no relationship between the amount of

information recalledand the quality of the resulting composite.

Furthermore,Shepherd,Davies and Ellis, (1988) suggestedthat as longer descriptions
did not result in increasedperformance,shorter, more precise descriptions may be
more effective. The results from this investigation provide little evidence that shorter
descriptions result in a better quality composite, however Shepherd at al examined
performance for descriptions rather than composites.

To assessthis further, a further experiment was undertaken using a different set of
targets. Whereas experiment 9 only examined the amount of verbal description,
experiment 10 will

compare the amount of verbal description with accuracy of

description. Accuracy will be assessedusing a six-alternative forced choice array
task.

Experiment 10: Length and accuracy of description
This experiment usedthe full-face compositesthat were constructedfor experiment 6.
The constructionprocedurewas therefore identical. Participants who were unfamiliar
with the targetswere askedto view a thirty-second video clip of one male target. The
description. Each
operator then used cognitive interview techniquesto elicit a verbal
full-face composite of the target. All
participant was then asked to construct one
for likeness against a target photograph on a
compositeshad been previously rated
(high). In stage 1, all verbal descriptions were marked using
scalefrom 1 (low) to 10
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the sameprocedureas the previous experiment (experiment9) to assessthe amountof
information recalled for each participant. In stage 2, all descriptions were presented
with target present arrays to assess accuracy. Correlations were then performed on
the amount of description, the accuracy of the description and the quality of the
composite (likeness ratings).

Stage1: Coding descriptions
All descriptionsweremarked using a similar procedureas experiment 9 (seepage 172
for procedure). As experiment 9 had indicated that `negative' descriptors did not
contain any predictive element, the total number of descriptors was only marked in
this experiment.Total recalled was then comparedwith the accuracyof descriptions.
Stage2: Assessingaccuracyof descriptions

Materials
This experiment used the composites and descriptions that had been obtained in
experiment 6 (please see chapter 3, pg. 120 for details). The targets were four male
University of Stirling. All descriptions were presented with a
members of staff at the

targetpresentarray. Seefigure 21 for an example.
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7

Figure 21: Example of male arrays

Participants
Thirty-two participants were recruited from student unions in Glasgow University. All
participants were unfamiliar with the targets.

Design
There were 16 descriptions in total (4 per target). These were divided into four

presentationbooks using a Latin squaredesign.This ensuredthat each participant
only saw one description for eachof the four targets.Within each book the order was
rotated.Books were presentedto participantswho were unfamiliar with the targets.
Participantswere askedto try to identify the targetfrom an array (1 target and 5
distractors). There were a total of eight attempts per description.
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Procedure
Each participant was informed that the descriptions had been provided by mock
`witnesses' after they had seen an unfamiliar target for 30 seconds. It was emphasised
that the descriptions were constructed from memory and represented a likeness of the

target. Participantswere askedto read eachdescriptioncarefully and examine the
accompanyingphotographicarray.All participants were told that the target may or
may not be in the array. If they thought that the description did not resembleanyone
in the array they were instructedto say that the targetwas not there. Similarly, if they
thought that the descriptiondid resemblesomeonein the array, they were instructedto
point to the appropriatephotograph.No time limit was placed on this procedure.

Results: Amount of description
The amount of information recalled and the composite likeness ratings were again
initially subjected to separate analyses.Participants recalled between 22 and 42
descriptors (mean 33.3, SD 6.1). The data was split into the same eight descriptive
categories as experiment 9 (i.e. 1-general information including age, build and
attributions, 2- facial shape, 3- hair, 4-

eyebrows, 5-

eyes, 6-nose, 7-mouth, 8-

ears). A4 (target) by 8 (feature) repeatedmeasuresanalysis of variance revealedno
effect of target (F (3,9 = 0.553, p=0.659), a significant effect of feature (F (7,21 =
21.661, p<0.001) and no interaction (F (21,63 =1.086, p=0.386). Further analyses
(one-way repeated measure anovas and paired samples t-tests) on each target,
revealed a similar pattern of description to experiment 9, with more descriptorsfor
figure 22.
externalfeaturescomparedto internal features,see
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Figure 22: Mean number of descriptors recalled for each feature and target

Accuracy of description
The number of correct matches(hits) for all sixteen descriptions ranged from 25% 100% (mean 67%, SD 22.4%). A Friedman test revealed that the number of correct
matches differed significantly across targets (X2 =7.944, DF=3, p<0.05). Further
analyses using Wilcoxon Signed Ranks tests revealed that there were significantly

more correct matches for target 2, compared to target 3 (p<0.05) and almost
significantly more correct matches compared to targets 1 and 4 (p=0.054; p=0.072
respectively).This indicates that while the pattern of information recalled was similar
for all targets, the description for target 2 was slightly more effective in an
identification task.
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Composites
The mean likeness ratings for composites ranged from 2.3 to 6.15 (mean 4.5, SD

1.08). A one-way repeatedmeasuresanalysisof variance revealed a significant effect
of target (F (3,57 = 15.983, p<0.001). Further analysesusing paired samplest-tests
revealed that the compositesfor target 3 (mean 3.6, SD 1.7) obtained significantly
lower likeness ratings than either target 1(mean5, SD 1.4), target 2 (mean 4.5, SD
1.4), or target4 (mean4.8, SD 1.3), (p<0.05 for all). A comparisonbetweenthe mean
numberof correct matchesfor each target's descriptionsand the mean likenessratings
for each target's composites,revealed that both the descriptions and the composites
for target 3 performed poorer than the other three targets.

This initially suggeststhat there were difficulties in both describing and constructinga
composite of this target. However, as description performance for target 3 did not
differ significantly from targets 1 and 4, it appears that there was difficulty in
translating the description into a pictorial representation.While theseresults illustrate
the pattern of performance for composites and descriptions for each target, the
following analyseswill examine associationsbetweencompositesand descriptionsfor
eachparticiipant.
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Figure 23: Graph showing relationship between amount and accuracy of description

Figure 23 displays the relation between the total amount of information recalled and
the percentagenumber of correct matchesfor each participant's description. As can
be seen,there is an indication of a slight negativeassociationbetweenthe two factors
and while a Pearson'scorrelation revealedno significant association(r=-0.349; n=16;
p=0.186), the association is negativ . Similarly, while there was no significant
association between the amount of information

recalled and the quality

of the

resulting composite (r=-0.123; n=16; p=0.651), this association was also negative.

However, the associationbetween accuracyof description and composite quality was
positive (r=0.314; n=16; p=0.237).

Further correlations were performed on the amount of information recalled, accuracy
of description and composite performance (likeness ratings) for each target. For the
amount of information recalled and description accuracy, the trend was negative for
targets 1,3 and 4 (target 1= r=-0.686; n=4; p=0.314; target 3= r=-0.357; n=4;
p=0.643; target 4= r=-0.592; n=4; p=0.408) and positive for target 2 (r=0.585; n=4;
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p=0.415). For the amount of information recalled and composite performance, the
trend was negative for targets 2,3 and 4 (target 2= r=-0.322; n=4; p=0.678; target 3=

r=-0.653; n=4; p=0.347; target 4= r=-0.279; n=4; p=0.721) and positive for target 1
(r=0.176; n=4; p=0.824). These results are important as they suggest that although

there are no significant associationsbetween thesefactors, the trend clearly indicates
that any relationship betweenverbal descriptions and compositeconstruction may in
fact be in the opposite direction. Theseresults support thoseobtained in experiment9,
which also indicated a negativetrend for two targets.

Discussion

The results from both experiments9 and 10 clearly highlight individual differencesin
recall ability. Even under ideal learning conditions (i. e. video clearly displaying all
views of the face), where descriptions were provided immediately after target
presentation,the amount of recall differed significantly betweenparticipants.

In addition, the results from both experiments also indicate that there is no
information recalled and composite quality. These
relationship between the amount of

experiments therefore provide no support for the suggestion that participants who
provide longer descriptions (i.e. those containing more descriptors)are more likely to
produce better quality composites(Christie and Ellis, 1981). Instead, the results are
similar to those reported in recognition studies (e.g. Pigott & Brigham, 1985; Wells,
1985; Shepherd, Davies and Ellis, 1988), by clearly indicating that there is no
information recalled and the quality of the
relationship between the amount of
resulting composite.
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The results may provide some support for the suggestion that shorter, more precise
descriptions may be more effective than longer descriptions (Shepherd, Davies and
Ellis, 1988), as figure 23 illustrates a slight negative trend between the amount and

accuracyof descriptions. However, due to small samplesizes and lack of statistical
significance future researchshould investigatethis further.

These findings are particularly important for police operatives, as the recent ACPO
guidelines clearly state that a witness should be assessedon their level of recall prior
to composite construction. However, as the results indicate that length of description
is not correlated with either accuracy of description or composite quality, any

basedon the amount of information recalled may be ineffectual.
assessment

However,one of the difficulties of assessingthe relationship betweendescriptionsand
composites under ideal learning conditions, is that all participants recalled
information about most features.As statedearlier, most composite operatorswill not
invite a witnessto constructa compositeif they cannot recall more than two features.
However, it was impossible to assessthe importance of this in these experiments.In
experiment9 only six participants could not recall any information about the ears and
eyebrows and in experiment 10 only five participants could not recall information
about either the ears, nose or eyebrows.Future experiments should therefore adopt a
delay
more ecologically valid procedure using both a live target and a substantial
betweentargetexposureand the cognitive interview.

Despite this, the results do indicate that composite performance is not related to either

the amount or accuracy of description. While this suggeststhat it impossible to

186

Chapter 4: Combining descriptionsand composites

identify which witness will construct the best quality composite, by assessing the
amount of verbal description provided, the descriptions did contain useful identifiable
information. The percentage number of correct matches for all descriptions ranged
from 25% and 100%, indicating that it was possible to identify the target from even
the poorest description.

As both chapters 2 and 3 have reported an increase in performance when different
typesof information have beencombinedat test, it is possiblethat the combination of
verbal descriptions and composites from the same participant may also serve to
increase performance. Experiment 11 will

therefore examine this using the

descriptionsand compositesfrom experiment 9. This experiment will adopt a withinsubjectsdesign where unfamiliar participants will be presentedwill both composites
and descriptions, together with target present arrays (halt forced choice task). All
composites and corresponding descriptions (i.e. the ones generated by the same
participant) will be presentedalone and together.Participantswill be askedto attempt
to `pick out' the target from the array.

Experiment 11: Combining descriptions and composites
The aim of this experiment was to investigatewhether the combination of information
from both a composite and a description (from the same participant) would serve to

increase performance above the level observed for a single composite. This
investigation usedthe samecompositesand descriptionsasexperiment 9 (female staff
membersat the University of Stirling). All compositesand correspondingdescriptions
(i. e. the ones generatedby the same participant) were presentedalone and together.
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Unfamiliar participants were asked to attempt to `pick out' the target from an array
(6alt forced choice task).

Materials
This investigation used the same composites and descriptions as experiment 9. The

targets were four female staff members from the department of psychology,
University of Stirling. Ali compositesand descriptions were presentedon a single
sheet of A4 paper (landscape)together with a target present array, containing one
photographof the target and five distractors,seefigure 24 for an example of arrays.

Figure 24: Example of female arrays

Participants
One hundred and twenty-eight participants were recruited from the University of
Glasgow and Queen Margaret University College, Edinburgh. All participants were
unfamiliar with the targets.
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Design
Sixteen participants (4 per target) had constructed composites in the original
experiment. This resulted in a total of sixteen composites and sixteen verbal
descriptions

(i. e. those generated by the same participants).

Composites and

descriptions (from the same participant) were presented alone and together. In order
to examine the best method of combining verbal and pictorial

information, two

different presentation formats were used. A4 (target) by 4 (presentation type) withinsubjects design was adopted. The presentation types were composites presented alone,
descriptions presented alone, composites and descriptions presented side by side, and
composites and descriptions together (i. e. each feature descriptor was placed next to
the corresponding feature). This resulted in a total of 64 presentations (16 composites,
16 descriptions, 16 composites and descriptions presented side by side and 16
composites and descriptions together). The 64 images were divided into sixteen
presentation books using a Latin square design. This ensured that each participant
only saw one type of presentation (single composite, single description, composite
and description side by side and composite and description together) for each of the
four targets. Within each book the order was rotated. Books were presented to
participants who were unfamiliar with the targets. There were a total of eight attempts
per composite. See figure 25 for an example of presentation types.
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Figure 25: Example of stimuli (composites and descriptions were generated by the same witness)

Procedure
Each participant was informed that they would be asked to look at compositesand
descriptions of faces. They were told that the stimuli had been constructed in an
earlier experiment, whereparticipants had been askedto describe a face and construct
a composite likeness of the person, after only seeing the face for 30-seconds.
Participants were therefore informed that when they saw a composite and a
description together, these had been generatedby the same `participant witness'.
Participants were asked to examine all stimuli carefully together with the
accompanying array. The arrays were target-present, however to avoid bias all
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participants were told that the target may or may not be in the array. Participants were
instructed to reject an array if they thought that the composite and/or description did

not resembleanyone in the array. Similarly, if they thought that the compositeand/or
description did resemble someone in the array, they were instructed to point to the

appropriate photograph. This was repeated for all four arrays. No time limit was
placed on this procedure.

Results
Equivalent rates were obtained for the two combined conditions. The compositeand
description together condition yielded 55% correct matches,and the composite and
description side by side condition yielded 54% correct matches.The next highest
performance was obtained when the description was presented alone (49% correct
matches) with the composite alone condition yielding the lowest performance (39%
correct matches).The data was collapsedacrosstarget and an analysis on the number
of correct matches (Cochran Q) revealed significant differences across conditions
(X2=7.938, DF=3, p<0.05).

Further pairwise comparisons using Mcnemar tests

revealed that the composite alone condition yielded significantly

fewer correct

matchesthan both the composite/descriptiontogether condition (p < 0.05) and the
composite/descriptionside by side condition.
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Figure 26: Mean no of correct matchesfor each target and type

Figure 26 displays the mean no of correct matches for each target and type. This
illustrates that for targets 1,2 and 3, the combined conditions performed better than
the single composite condition. An analysis by target revealed significant overall

differences(X2= 58.636, DF=3, p<0.01). Further analyses(Cochran Q and Mcnemar
tests) revealed that for target 1, the composite and description together condition
(p<0.05), with the side by
performed significantly better than the single composite
side condition performing almost significantly better than the single composite
(p=0.057).For target 2, the combined (side by side) condition performed significantly
better than the single composite (p<0.05). Similarly, for target 3 the combined
(compositeand description together)condition performed significantly better than the
single composite (p<0.05). In addition, the description for target 3 achieved
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significantly more correct matches then the composite (p<0.05). For target 4, there

were no significant differences.

The results thereforeindicate that for three out of four targets,presenting a composite
with a description (either side by side or together)increasedperformance significantly
abovethe level observedfor a single composite(p < 0.05). Importantly, while there
were no significant differencesfor target 4, the combined presentationof composites
and descriptions did not decreaseperformance levels. The lack of any beneficial
effect of combining information for this target may have reflected a possible ceiling
effect. As figure 26 illustrates, the composite performed very well when presented
alone and suggeststhat it was a very good composite. As a result, adding additional
information may not have produced a beneficial effect. However, there is no
detrimental effect on performance when composites and descriptions are combined
for this target and there is a beneficial effect for combining information for the other
three targets.

In addition, the results also provide support for experiment 10 by suggesting that
descriptions do contain useful identifiable information. In this experiment the
descriptionsperformed aswell asor betterthan compositeswhen presentedalone.

Similarly, theseresults also support the findings reported in both chapters2 and 3 by
indicating that performance increases when more information is presented. In
particular, the results are similar to those in chapter 2, by indicating that when two
different types of information from the same participant witness are presented
together,performanceincreasesabovethe level observedfor a single composite.
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Importantly,

chapters 2 and 3 revealed that increased performance levels were

dependent on the type of information that was combined. More specifically, the

observed increase in performance in both chapterswas found to be a result of the
combination of different memorial representations,rather than the combination of
more information. Experiment 12 will therefore examine performance for the
combinedpresentationof descriptionsand compositesin more detail. This experiment
will firstly attempt to replicate the results from the previous experiment using a
different set of targets. In addition, this experiment will also expand on the results
obtained in experiment 10, by examining performance for descriptions that were
obtained 2 days after target exposure. As the descriptions were obtained after a

significant delay it is hopedthat someparticipants may fail to recall information about
key features. Therefore an examination of the effect of this on description and
compositeaccuracymay be permitted.

In addition to examining performance for the combined presentation of composites
and descriptions, this experiment will also examine performance for `perfect'
descriptions (i.e. those generated by independent judges). Chapter 2 reported an
increasein performance only when memorial information was combined, (i. e. when
two constructedcomposites were presentedtogether). Performancedid not increase
significantly when one constructedcomposite (memorial information) was presented
with an automatically generatedimage (more information). Therefore, while it is
expected that the `perfect' descriptions will perform better than the participant
it is unclear how they will perform
generateddescriptions when presented alone,
when combined with a composite. The results from chapters 2 and 3 indicate that
there may be little increase when they are combined with a composite. However,
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while the previous chapters have examined the combination of more versus varied
information,

they have not examined performance for combined memorial and

`optimal' information. Combining a composite with accuratedescriptive information
should increase performance above the level observed for the composite alone.
However, it is unclear whether performance will increase above the level observed

when the `perfect' description is presentedalone i. e. it is unclear what information
participants will use to make an identification decision. If participants only use the
descriptive information, then performance for the combined condition should be
equivalent to the description alone condition. However, if the `perfect' descriptions
differ greatly from the compositesand participants use both types of information to
make a decision,performancemay be lower.

Experiment 12: Why do compositesand descriptions perform well?
This experiment examined performance for composites and descriptions in more
detail. The first aim was to attempt to replicate the results from experiment 11 with a
different set of targets. In addition to examining performance for the combined
presentation of composites and descriptions, this experiment will

also compare

from memory with those generated by a group of judges
performance for descriptions
As the results from both chapters 2 and
with the target present ('perfect' descriptions).
3 indicated that performance increased only when memorial information

was

combined at test, the `perfect' descriptionswill also be presentedwith the `participant
witness' generatedcomposites.While it is expectedthat the `perfect' descriptionswill
perform better than the participant generateddescriptions when presentedalone, the
results from chapter 2 indicate that there may be little increase when they are
combinedwith a composite.
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Materials
This investigation used the PROfit composites that had been constructed for Frowd et

al (submitted), and experiment 7 (see experiment 7, pg. 138 for an example). In
experiment 7, unfamiliar participants were asked to study a photograph of a famous

male for one minute. Two days later they were askedto describe the face (cognitive
interview) and construct two compositesof the target, one PROfit and one EvoFIT
(Stage 1). However, in order to ensure that performance for the PROfit composites
was not affected by construction of an EvoFIT another five participants were
recruited. These additional participants followed the same procedure (e.g.
constructingboth a PROfit and an Evo-FIT of the sametarget), however the order of
construction was such that all five participants constructed the PROfit first. This
ensuredthat for all ten targets in this investigation, the PROfit was constructed first
and was not affected by construction of an Evo-FIT. The five additional EvoFIT's
were not usedbut insteadserved to keep the procedurethe same.All compositesand
descriptionswere presentedon a single sheetof A4 paper (landscape)together with a
target presentarray (one photographof the targetand five distractors).

`Perfect' descriptions
Five undergraduate psychology students were asked to compile target present
descriptions of all ten targets, as part of a larger cognitive psychology project.
Targets were allocated such that each `perfect' or prototypical description contained
information from two students.Each student was given a photograph of a target,
togetherwith a standarddescription sheet(i.e. identical to those usedduring cognitive
interview). The description sheetscontaineda list of the sevenmain physical features
(e.g. face shape,hair, eyebrows,eyes,nose, mouth, ears) with a space betweeneach
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feature to write a description (see appendix). Studentswere instructed to describeall
features.

Participants
Forty participants were recruited

from Stirling

University.

They consisted of

postgraduatestudents,secretarialandtechnical staff.

Design
There were ten `participant witnesses' and ten targets (1 participant per target). This
resulted in a total of ten descriptions and ten composites (generated by the same

participant witnesses).This resulted in a total of fifty presentations. A5 (type of
presentation) by 10 (target) within-subjects design was adopted. The types of
presentation were composite, description, `perfect' description, composite with
correspondingdescription presentedtogether(i. e. the compositeand description from
the sameparticipant) and compositeand corresponding`perfect' description presented
together (i. e. composite and target present description of the same target). To ensure
that participants only saw one type of presentation for each of the ten targets, the

imageswere divided into 5 presentationbooklets using a Latin square design. Each
booklet contained ten presentations,one of each target and two of each type. All
imageswere presentedwith a target presentarray. Order of presentationwas rotated
within eachbooklet. There were eight attemptsper booklet.

Procedure
Participants were told that the composites and descriptions were constructed from
memory and that they representeda likenessof the target. Participantswere informed
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that when a composite and description were presented together, these had been
generated by the same `participant witness' and therefore represented the same
images closely and were told that the target
person. They were asked to examine the
may or may not be in the array. If participants thought that the composite and/or
description did not resemble anyone in the array, they were asked to reject the array.
If they thought that the target was present, participants were asked to point to the
This was repeated for all ten targets. No time limit was
appropriate photograph.
placed on this procedure.

Results

70
60
t

50
ýa
E 40
30
20
0 1011
0
Conposite

Composite
Flerfect
Description and Frfect
and
Description
Description

Description Composite

Figure 27: Percentage no of correct matchesfor each condition

The percentageof correct matchesare displayed in figure 27. The data was initially
collapsedacross target and a

Friedman test revealed that the overall differences did

not quite reach significance (X2=8.387,DF=4, p=0.078). However, as the primary aim
increase when
of this investigation was to examine whether performance would
further analyseswas undertaken
compositesand descriptionswere presentedtogether,
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using Wilcoxon signed ranks tests. These revealed that the combined composite and
description condition (mean 1.2, s.d. 0.7) performed significantly

better than the

composite alone (mean 0.7, s.d.0.8) condition (p<0.05). This therefore provides
further support for experiment 11 by indicating that the combination of memorial
information from both a composite and a description serves to increase performance
above the level observedfor a single composite. Analyses for each type and target
(Cochran Q and Mcnemar) revealed that the combined composite/description
performed better than the single composite for eight of the targets and significantly
higher for four targets.

The descriptionsperformedwell, againproviding support for both experiments10 and
11 by indicating that descriptions do contain useful identifiable information.
However, while they performed better than compositeswhen presented alone, this
difference did not reach significance (p=0.095). Interestingly, the `perfect'
descriptions did not perform significantly better than the participant generated
composites (p=0.528). This initially

suggests inadequacies with the `perfect'

descriptions, however performance levels for both the generated and `perfect'
descriptions were fairly high (52% and 57% respectively) and the mean no of
descriptorswas similar (21.5 from memory and 22 with target present). However the
information containedwithin the descriptionsmay have had an effect on performance,
as the target presentdescriptionsdid not contain any attributional information. While
Shepherd et al (1988) reported that attributional descriptors alone performed poorly in

identification tasks, the combination of attributional and physical feature descriptions
in the participant generateddescriptions (from memory) might have been a useful
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identification

aid, thereby increasing performance to the level obtained by the

`perfect' descriptions.

Similarly, the combined composite/perfectdescription did not perform significantly
better than the combined composite/participantgenerateddescription (p=0.909). This
again indicates the similarity betweenthe two types of description but also indicates
that participants may have relied more on the descriptive information when making a
decision. Furthermore, adding a `perfect' description to a composite did increase

performancesignificantly above the level observed for a single composite (p<0.05),
however the combined composite and `perfect'

description

did

not perform

significantly better than the perfect description alone (p=0.876). This again indicates

that participants may have relied more on the descriptive information. Indeed, an
for all ten targets there was no significant
examination by target revealed that
differencein performancebetweenthe generateddescription and combined/generated
description condition, indicating that for both combinedconditions, participants relied
heavily on the descriptive information.

This is contrary to the results reported in previous chapters,as both chapters2 and 3
indicated that the combination of information increasedperformance,rather than the
reliance on one particular composite.However, the previous chaptersonly combined
pictorial information whereas this investigation combined both verbal and pictorial
information. During the experiment, it was noted that participants preferred to read
the description first, comparing each descriptor to the photographs in the array.
Therefore, participants had begun to make a decision before they had examined the

information contained within the composite. In contrast, when participants were
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(chapter 2) they seemedto find it easier to extract
presentedwith two composites
information from both images at the same time. This difference in strategy may

explain the differencein results.

However, while the combinedconditions did not perform significantly better than the
descriptions, combining a composite with a description did perform significantly
betterthan a composite.This is particularly important as it indicates that descriptions
do contain useful information. Of particular interest is the finding that all participants

gave full and detailed descriptionsafter a two-day delay. The mean no of descriptors
reported in this investigation was 48.5 (SD 10.3), compared to 21.5 (experiment 9)

and 33.3 (experiment 10). The higher number of descriptors in this experiment may
therefore reflect rehearsal and consolidation processes.Ellis, Shepherd & Davies
(1980) previously reported no difference performance for descriptions that had been
provided either one hour or one day after targetexposure.Therefore, an examination
of the relationship betweenthe

failure to recall key featureson compositeconstruction

may require a more substantialdelay of at leastone week.

GeneralDiscussion
The results from these experiments are particularly important for police operatives,
who use the amount of information recalled to assesseyewitnesses.Experiments 9
is no relationship between the amount of information
and 10 revealed that there

recalled and the quality of the resulting composite. In addition, experiment 10
revealedthat there is no relationship betweenthe amount of description recalled and
the accuracy of that description. While there appears to be no clear relationship
between descriptions and composite performance,experiments 11 and 12 indicated
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that descriptions are useful and can improve performance when combined with a
composite at test. This suggests that the emphasis on descriptions should be changed

from one of trying to identify the `best' witness, to trying to improve composite
performance.

The results from experiments9 and 10 thereforeprovide no support for the suggestion
that participants who provided larger descriptions (i. e. those containing more
descriptors)were more likely to produce better quality composites(Christie and Ellis,
1981). Instead,the results are similar to those obtained by Gabbert et al (2003) who
also found no relationship between descriptions and composite performance.
Similarly, the results also support recognition studies (e.g. Pigott & Brigham, 1985;
Wells, 1985; Shepherd,Davies and Ellis, 1988),by clearly indicating that there is no
relationship between the amount of information recalled and the quality of the
resulting composite.Similarly, the results provide little support for the suggestionthat
shorter, more precise descriptions may be more effective than longer descriptions
(Shepherd,Davies and Ellis, 1988). Interestingly, all of the descriptions used in this
investigation

contained substantially

more descriptors than those obtained by

Shepherdet al (5.7 comparedto 21.5,33.3 and 48.5 in this investigation), which may
reflect the use of cognitive interview techniques. Similarly, descriptions still
performedwell after a substantialdelay betweenexposureand interview (2 days).

These results indicate that descriptionscontain useful information but the absenceof
any relationship between descriptions and composite performance suggeststhat the
is a poor indicator of composite performance. However,
amount of verbal description

verbal descriptionsare an important source of information, therefore experiments 11

202

Chapter4: Combining descriptionsand composites

and 12 attempted to build on the results from chapters 2 and 3, by examining whether
performance would increase when composites and descriptions from the same

participant witness were combined at test. Both experiments reported that
performance did increase significantly above the level observed for a single
composite.

In addition, experiment 12 attemptedto examine why performance increasedwhen a
composite was presented with a description. The results indicated that participants

tended to rely more on the information contained in the description rather than the
information contained within the composite. This is contrary to the results from

chapters2 and 3 and may reflect different strategiesadoptedfor examining verbal and
pictorial information. However, the finding that participants relied more on the
description together with the results indicating that the combined presentation of

composites and descriptions increased performance,indicates that the descriptions
contained useful identifiable information. Future work could examine the effect of
presenting verbal

and pictorial

information

further,

by randomly

assigning a

composite to a description. Indeed, in experiment 12 the descriptions from memory
performed

as well

the

`perfect'

descriptions.

While

this

initially

indicated

inadequacies in the `perfect' descriptions, performance was still relatively high. While
it is impossible to compare witness descriptions with target present descriptions in a
is
real-life situation, as the target unknown, these results indicate that descriptions are

useful investigative tools.

The results from experiment 12 indicate that perhaps descriptions should be presented

rather than composites. However, all participants in these experiments reported a

203

Chapter4: Combining descriptionsand composites

preference for compositesand descriptions together rather than descriptions alone.
Similarly, in a real-life situation it may perhaps be more useful to display a composite
with a description in a newspaper, rather than just a description.

One important aspect of these experiments concerns the issue of ecological validity.

One of the difficulties of assessing the relationship between descriptions and
compositesunderideal learning conditions is that all participantsrecalled information
about most features. As stated earlier, most composite operators will not invite a
witness to construct a composite if they cannot recall more than two features.
However, it was impossible to assessthe importance of this in these experiments. In

all experiments participants recalled information about most features, with only a
small number of participants failing to recall information about either the eyebrows,
ears or nose. Future experiments should therefore adopt a more ecologically valid
procedure using both a live target and a substantial delay (at least one week) between

targetexposureand the cognitive interview, in order to assessthe impact of the failure
to recall key features on composite quality.

However, despitethis, the results clearly indicate that there is no relationship between
the amount of information recalled and the accuracy of both the description and
resulting composite. Similarly, the results also indicate that descriptions do contain
useful information and can improve performancewhen combined with a compositeat
test.This suggeststhat verbal descriptionsshould not be usedto assesswhich witness
will construct a composite. Instead the results indicate that the emphasis should be
moved away from using descriptions as `identifiers', to using descriptions to try to
improve compositeperformance.
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5
Review, future work and conclusions
This final chapterwill begin with a recapof the original questionsposedin this thesis.
It will then review the work in the preceding chapters and discuss the findings from

all of the reported experiments,drawing conclusions and offering recommendations
for future work.

Thesis questions
As stated in chapter 1, the aim of this thesis was to improve performance of facial
composites.The starting point for these investigationswas that while a great deal of
research has evaluated the effectiveness of composite systems, this research has
tendedto focus on the difficulties associatedwith constructionsuch asinadequaciesin
systemdesign and memorial difficulties. As a result, much is known about the issues
that affect construction of an unfamiliar face from memory. However, very little work
has examined whether composite performance can be improved at test. This thesis
therefore attempted to examine methods of improving facial composites both during

construction and at test. One of the major findings of composite researchto date is
that despitetechnological advancesin systemdesign,compositesstill do not perform
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particularly well. This indicated that poor composite likeness might be a result of
memorial difficulties. As constructing a facial composite is a retrieval task, memorial

difficulties may in fact be a result of systemdesign.For example, a witness will have
viewed a three-dimensionalface, yet they are asked to construct a two-dimensional
full-face composite. As unfamiliar face memory is image or context-specific, the
disparity between the view at encoding and the view at retrieval may result in poorer
quality composites. Therefore, the first question addressed whether composite
systems may be more effective if they displayed faces in a way revealing more threedimensional information.

The second question followed on from this, but instead of

examining whether three-quarter view composites would aid construction, it asked

whether the presentationof a full-face and three-quarter-view composite from the
samewitness would increaseperformanceat test. The third question expandedon the
role of composites as effective retrieval cues and examined the issue of encoding
specificity. In particular, it asked whether composite performance would increase
when the view at encodingmore accuratelymatchedthe view at retrieval.

Therefore the questions that were posed in chapter 2 examined whether the amount
and/or type of information that was presentedboth during construction and at test
could increaseperformance.Chapter3 expandedon theseexperiments by examining
whether multiple types of information could increase performance at test. In
particular, it asked whether the presentationof composites from multiple witnesses
could increaseperformance.This work initially expandedon the work of Bruce et al
(2002) by examining performancefor compositesfrom four different witnessesusing
a more ecologically valid procedure, than in Bruce et al's initial work (Bruce et al,
2002, experiment 1). This chapter then went on to ask whether combining composites
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from different witnesses resulted in an image that was closer to the ideal, or
prototypical image.

The previous chaptersthereforeexamined whether the presentationof different types
of information could increase composite performance. One important type of
information that is elicited from a witness is a verbal description. Due to the
importance of verbal descriptions chapter 4 therefore initially asked whether there
was any relationship between the amount and accuracy of description and
performanceof the resulting composite.This chapterthen expandedon the preceding
chaptersby asking whether the presentationof different types of information from a
single witness(a description and a composite)would increaseperformanceat test.

The following sections of this chapter will review the experiments reported in the
precedingchapters.Each thesis question will be addressedseparately,new questions
will be posedand further researchwill be suggested.

Will the development of a three-quarter-view composite database improve
composite performance?

Is a three-quarter-viewbetterthan a full-face view?
Chapter 2 initially

asked whether a three-quarter-view database would aid

construction of composites.More specifically, would the presentation of composites
in a way revealing more three-dimensionalinformation aid construction? The results
suggest that three-quarter-view composites do act as an efficient retrieval cue, as
performance was significantly better for the constructed three-quarter view
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composites compared to the automatically generated images. That is, when the images
were automatically generated and participant-witnesses had no opportunity to interact

with the composites,they performedpoorly. However, the results also suggestedthat
three-quarter-viewcompositeswere not more effective than full-face composites.This
result was surprising as someevidencesuggeststhat a witness may have encodedand
stored a three-dimensionalrepresentationof the face (e.g. Schiff, Banka & De Bordes
Galdi, 1986; Bruce & Valentine, 1988; Pike, Kemp, Towell & Philips, 1997). The
principle of encoding specificity (e.g. Thomson & Tulving, 1970; Tulving &
Thomson, 1973) statesthat recall will be more effective when the cues available at
retrieval more accurately match those at encoding. As such, using more threedimensional retrieval cues may have aided both recall and reconstructionof the seen
face. However, one difficulty with experiment 1 is that participant-witnesseswere
exposedto all views of a target face. As a result, participants may have beenexposed
to enough `instances' of each view at study, to ensure successful generalisationto
both views at construction. Therefore, instead of providing support for encoding
specificity, these results are similar to those obtained in recognition tasks (e.g. Hill,
Schyns & Akamatsu, 1997; Schyns & Bülthoff, 1994), by indicating that when all
views are presentedat study, no one view is preferredat test.

Are two views better than one?
The secondquestion asked in chapter two was whether the development of a threequarter-view databasewould aid performanceat test. As full-face and three-quarterview compositesperformed equally well, experiments2 and 3 examined whether the
presentationof both a full-face and a three-quarter-view composite from the same
participant would increase performance at test. Experiment 2 examined whether
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`adding' a three-quarter-view to a full-face composite would increase performance,
for two views versus one under differing
and experiment 3 examined performance
encoding conditions. The results from these experiments suggest that performance
does increase when more information is presented. However, this effect was only
found when both composites had been constructed. When one composite had been
automatically

generated performance

decreased. The

automatically

generated

in a different view i. e. the same
composite was essentially the same composite
features were presented. Therefore, the benefit for presenting two composites in
differing views cannot be solely attributed to the fact that more information was
presented. Instead, it appears that it may be the presentation of varied information that
serves to increase performance. Often two views of the same person can look more
different than two different faces in the same view. This may be because faces contain
a great deal of information (structural, featural, configural) and this information can
look very different in differing views. For example, a three-quarter view may display
(e.g. face shape and outline of the nose), whereas a fullmore structural information
face view may display more featural information (e.g. mouth and eye regions).

However, if it were just the case that performanceincreasedbecausecompositesin
differing views display different types of information, then the automatically
generated composites should have performed better. Instead, what may have
happenedis that the information that was retrieved during construction reflected the
in. Therefore, the three-quarter-view
view that the composite was constructed
composites may have contained more accurate (i. e. more similar to the target)
structural information (e.g. face shape and outline of the nose), while the full-face
featural information (e.g. eye and
composites may have contained more accurate
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mouth regions). The differing amounts of more accurate information contained in the
composites may explain

why the full-face

and three-quarter-view

composites

achieved equivalent levels of performance when presented alone. There may not have
been enough accurate information in either type of composite to generate an increase
in performance when presented alone. However, when both types of composite were
presented together, it may have been possible to extract information from both views
and therefore reach a more accurate identification

decision.

Therefore,

the

combination of information from both types of composite may have resulted in the
perception of an image that was closer to the ideal image. The apparent benefit for
presenting varied rather than just more information supports previous research that
has examined the effect of presenting composites from multiple

witnesses (e.g.

Bennet et al, 1999; Bruce et al, 2002) and is consistent with the findings reported in
chapters 3 and 4.

Therefore, the results from both experiments 1 and 2 indicate that performance for
full-face and three-quarter-view compositesis similar when all views of a face have
beenencoded.However, the information that is contained within the compositesmay
differ and the combination of both types of information may serve to increase
performance.

What happenswhen a witness hasonly seenone view of a face?
Experiment 3 expanded on these results and examined the pattern of viewpoint
dependencein composite construction. In particular, this experiment explored the
issue of encoding specificity and examined whether composite performance would
increasewhen the view at encoding more accuratelymatched the view at retrieval.
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From an applied perspective, this would tell us how composite performance differs
when a witness has only seen a suspect in a single view. The results from this

experiment initially

provided moderate support for the encoding specificity

hypothesis,by revealingthat three-quarter-viewcompositesachieved a higher level of
performance when a three-quarter-viewhad been presentedat study, compared to a
full-face view. Similarly, full-face compositesperformed slightly better when a fullface view had been encoded,comparedto a three-quarterview. However, when the
composites were evaluated using a six alternative forced choice array task, the effect

for the full-face compositesdisappeared.Furthermore, while there was a significant
increase in performance when all views of a face had been presented, compared to a

single view for the full-face composites,the three-quarter-view compositesachieved
equivalent levels of performance in both the three-quarter and all view encoding
condition.

Unfamiliar face memory has been shown to be image or context specific (e.g. Bruce,
1982; Bruce and Young, 1986) due to a reduced ability to form a robust structural
representationof the face. Therefore, it is perhapssurprising that performancefor the
full-face composites was not better when the images were matched for view.
Similarly, the encoding specificity principle suggeststhat recall will be better when
the view at encodingmore accuratelymatchesthe view at retrieval.

These results may suggest that the encoding specificity effect was found for three-

quarter-view compositesbut not for full-face composites.However, another possible
explanation for these results may be the symmetry argument proposed by Poggio &

Vetter (1992). This statesthat learning one view of a bilaterally symmetrical object

211

Chapter 5: Review, future work and conclusions

can be sufficient to generalise to other views. As a face is generally bilaterally
symmetrical, then a side view (the symmetrical view), which is non-singular, may
contain enough information to generalise to other views. However, as a full-face view
is singular, generalising from this view to other views is extremely difficult (Hill,

Schyns & Akamatsu, 1997; Schyns& Bülthoff, 1994). This hypothesisindicates that
generalisationfrom a side-view is greatestto the symmetrical side view and decreases
with angle of rotation much like an inverted U-shape.This may explain the results of
the three-quarter-viewcomposites,however it doesn't explain why performancefor
the full-face compositeswas poor in the full-face condition, neither does it explain
why the three-quarter-viewcompositesachieved similar levels of performance both
when a three-quarter-view and when all views were presented at study.

One possible explanation for the poor performance of full-face composites comes
from unfamiliar face memory research.As there is a restricted opportunity to build a
robust structural representationof a face, the information that will be dominant in
memory will be the information that occupies most of the image - the hair and face
shape (e.g. Bruce et al, 1999; Bonner et al, 2003). As performance for the full-face
composites was generally poor when a full-face view had been presented at study
compared to all views, this suggests that a full-face view does not display enough
information about the structural properties of the face.

Furthermore, the finding that three-quarter-view composites performed similarly
when both a three-quarter-view and when all views of a face had been presented,
suggeststhat similar types of information had beenencodedand stored. Therefore, it
is possible that three-dimensionalstructural information had beenencodedfrom both
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presentations and resulted in similar levels of performance. However, it could be
argued that if

the encoding of three-dimensional

structural

information

was

levels, then perhaps the full-face composites should
responsible for these performance
have performed better when a three-quarter-view had been encoded. However, as the
symmetry hypothesis suggests that performance levels decrease with increasing angle
for full-face composites compared to
of rotation, then performance would be lower
three-quarter-view
significantly

composites.

Similarly,

full-face

composites

performed

better when all views had been encoded, again suggesting that the

information is important in composite construction.
encoding of three-dimensional

While there is a suggestion that movement may help to build a more robust threedimensional representation of a face (e.g. Schiff, Banka & De Bordes Galdi, 1986;
Bruce & Valentine, 1988; Pike, Kemp, Towell & Philips, 1997), the results from this
investigation do not support this. All of the videos used in this investigation depicted
the target moving. In both of the single view conditions the target was seen talking
(played without sound) nodding and expressing. Therefore, if movement per se was
face,
responsible for building a more robust three-dimensional representation of the
then performance levels for the full-face and three-quarter-view composites may have
been expected to be more similar. These results therefore provide tentative support for
other research which has reported no beneficial effects of movement in face
Bonner, Burton & Bruce, 2003). However, it
recognition (e.g. Christie & Bruce 1998;
is difficult

to pinpoint

the precise role of movement and perhaps a further

investigation could examine the effect of presenting static with moving images.
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However, the main reason for using moving video images was to attempt to emulate

everyday interaction. Presenting a moving, three-dimensional target is more
ecologically valid than presenting a static two-dimensional photograph of a target.
However, one of the difficulties of conducting applied experimental eyewitness
researchis the issueof ecological validity. While the experimentsin chapter 2 usedan
ecologically valid experimental procedure (i.e. unfamiliar witnesses, familiar
identifiers), it is unclear whether the same patterns of viewpoint dependencewould
emerge using a `live' target in a mock crime scenario. Therefore further research

should be conductedin order to assessthe impact of the effects of view on composite
construction.

What are the practicalimplications?
The development of a three-quarter-view database has clearly aided composite
performance and furthered our understanding of view effects in composite
construction. In particular, experiments 2 and 3 indicated that presenting two views
from the same witness increasedperformanceabove the level observed for a single
composite. Similarly, important patterns of viewpoint dependencewere observedin
experiment3.

When a face hasonly beenseenin a three-quarter-view,the results suggestthat it may
be better to construct a three-quarter-viewcomposite.When a face has beenseenin a
full-face view performance is low for both full-face and three-quarter-view
face have been encoded, composite
composites. However, when all views of a

performanceis equally good in both views. Therefore when a witness has seena side
view of a suspectthe results indicate that a three-quarter-view composite should be
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full-face composites perform well when all
constructed. However, while standard
been encoded, care should be taken when a person has only
views of the face have

seena face in a full-face view, as compositesin both views achieved low levels of
performancewhen a full-face view had beenencoded.

At present, it is unclear whether view effects are taken into consideration before
constructing a composite with a witness. The only ACPO guideline (Association of
Chief Police Officers) that makes any reference to how the witness viewed the face

statesthat "It is essentialthat the witness has seenthe suspect'sface and is able to
features. The witness must have a clear mental image
visualise or describe the facial
of the person and more importantly can visualise or describe, however simply, the

facial features to be reproduced..." (pg.'s 9-10). While this statementmakes it clear
that a witness must be able to visualise the face, it makes no referenceto the view that
the suspectwas seen in. In this investigation, all participant-witnessescould clearly
describethe face despiteseeingthe targetsin differing views.

Due to the pattern of viewpoint dependenceobservedin this investigation, it perhaps
seemsimportant that composite operatorsshould pay close attention to view effects.
However, perhapsthe reasonthat view hasnot beenconsidered,is that constructionof
a compositein a view other than full-face has not beenpreviously possible. However,
even for full-face composites the results indicate a significant difference in
performancewhen a single view has beenencodedcomparedto all views. Similarly,
given that the three-quarter-view databaseis now an integral part of the PROfit
compositesystem and is now available to field operators,the effects of view both at
the time of encoding and at construction should be consideredcarefully.
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Will the use of compositesfrom multiple witnessesincrease performance?
Chapter 3 initially asked whether the use of composites from multiple witness would

serve to increase performance. The results from experiment 4 indicated that
combining composites from four different

witnesses resulted in an image that

performed as well as or better than the best single composite. This supported previous

research(McNeil et al, 1987;Bruce et al, 2002, experiment 1) and initially suggested
that morphed composites performed well becausethey contained a combination of
different memorial representations.Experiment 5 examined this in more detail and
askedwhether morphedcompositesperformed well becausethey just contained more
information, or whether they performed well because they contain varied information

(memorial representations).In order to examine this, composites from both single
(more information) and multiple witnesses(varied information) were morphed.The
results indicated that the morphs from multiple witnesses (4-Morphs) performed
significantly better than the morphs from single witnesses (mini-morphs). These
results therefore indicate that morphed composites perform well because the
combinationof memorial representationsresults in an image that may be closer to the
ideal image or prototype (e.g. Solso & McCarthy, 1981; Bruce, Doyle, Dench &

Burton, 1991; Homa et al, 2001).

Similarly, the results from the identification task in experiment 1 also suggestedthat it
may be possible to perceive an image that is closer to the ideal image (e.g. Leopold et
al, 2001) when multiple composites were presented. Bennet et al (1999) had
previously reported an increase in performance when four composites of similar
quality were presented.However, this investigation has extended this research by
revealing that four composites of varied quality (from worst to best) could also
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perform well. This initiall

suggestedthat the differing quality of eachcompositemay

have affected the perception of subsequent composites, as reported by Webster &

MacLin (1999) and Leopold et al (2001) and resultedin the perception of an image
that is closer to the ideal or prototype. However, experiment 3 investigated this in
more detail by asking participants to provide self-reported identification

strategies.

The results indicated that overall participants preferred using only one composite to
basetheir identification decision and identifications basedon a single compositewere
generally more accurate. This suggested that participants were not referencing
information from all compositesand provided further support for the presentationof a
single morphed composite.

However, while the self-reported identification strategies revealed that participants
preferred to use only one composite to make their identification decision, presenting
compositesfrom four different witnessescan perform well (experiment 6) and often
achieve levels of performancethat are better than a single composite (experiment4
identification task). This suggests that it may in fact be possible to reference
information

from multiple composites and reach a more accurate identification

decision.

Why do multiple compositesperform well?
The finding that multiple compositesperform well, either when presentedtogether or
when presentedas a new morphed image, may highlight something about the nature
of the information contained within the composites.Due to the restricted ability to
form a robust structural representationof an unfamiliar face, the information that will
be dominant in memory will be the hair and face shape.Therefore, a witness will be
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more likely to accurately recall the hair and face shape of a seen face, than they will
the internal features. However, would presenting four composites that all contain
fairly

accurate hair and face shape and inaccurate internal features increase

performance?As researchhas demonstratedthat familiar faces are easier to identify
and match using internal rather than external features(Bruce et al, 1999; Ellis et al,
1979; Young et al, 1985) due to a more robust structural code (Bruce & Young,
1986), it is unlikely that presenting compositesthat only contained similar hair and
face shapeinformation would increaseperformance.

However, memory research (e.g. Hintzman, 1986,1988; Metcalfe, 1990) indicates
that witnesses may recall different types of information.

In particular, Hintzman

suggeststhat tracesor parts of original events/itemsare stored in memory and that it
is these combined traces that are retrieved. This output is therefore much like a
schemaof the original event or item. As encodedinformation is stored and retrieved
accordingto an existing schema,the information that it will be combined with will be
particular to the individual. Therefore, when this information is retrieved during
compositeconstruction, a witnesswill choosea feature that is similar to their existing
schema of the face/feature. Consequently, each witness may choose a different
`similar' feature. While Hintzman did not specifically examine memory for faces,
other researchershave also suggestedthat faces are processedaccording to existing
schemas(e.g. Rakover, 1999,2002). This researchindicates that each compositewill
contain differing amountsof similar and dissimilar information and importantly, these
differencesare unlikely to be correlated.
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Similarly, Metcalfe (1990) suggests that memory for the original target may become
integrated with memory of another face/features, stating that "It is possible that a lure

that was never viewed before may be `better' recognisedthan even the actual target
face" (pg158). In particular, research on the effect of prototype faces has indicated a
potential memory integration effect. For example, Solso & McCarthy (1981) reported

that 35 out of 36 participants reported seeing an unstudied prototype face. Thus
suggestingthat memory for faces/featuresis somehow integrated with memory for
similar items, either through trace blending (e.g. Metcalfe, 1990), by storing
integrated traces (e.g. Hintzman, 1986) or as a result of competing patterns of
interaction (e.g. McClelland & Rumelhart, 1985,1996).

While this researchindicates that information can becomecombined in memory and
result in recognition of an unstudied prototype, it appearsthat combining memorial
representationsby morphing them together at test also results in an image that is
closer to the ideal or prototypical image. Similarly, presenting multiple composites
may also result in an image that is closer to the prototype. While the self-reported
identification strategiesin experiment 6 revealedthat participants generally preferred
to use one compositeto make an identification attempt, sets of four compositesstill
perform well. Therefore, a similar prototype effect may be occurring that is perhaps
automaticin nature. In particular, Leopold et al (2001, pg89) state that "The encoding
of faces...draws upon... mechanisms that reference the central tendency of the
stimulus category" (pg89), which is much like the prototype effect.
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Is this effect specific to a particular compositesystem?
While it as evident that morphed composites performed well using PROfit, it was

unclear whether this effect would still be obtained when composites from different
composite systems/techniques were combined. As these techniques result in images
that contain very different types of information it was uncertain what effect these

types of information may have on the resulting morph. Therefore, experiment 7
attempted to replicate the 4-Morph effect with compositesfrom different witnesses
and systemsand investigatedwhether adding a different type of image could increase
performance for a single composite. The results revealed that combining composites
from four different witnesses and systems resulted in an image that performed
significantly better than a single composite.This initially suggestedthat performance
for a single composite could be increased when textural information was added
(EvoFIT) but not featural/shape information (Sketch). Experiment 8 investigated
whether the benefit for adding an EvoFIT was due to the combination of memorial or

composite (texture/shape)information. PROfits and EvoFITs were morphed using
compositesthat had beenconstructedby the samewitness and the results indicatedno
increase in performance when both images were morphed. This suggests that the

benefit observedin experiment 7 was primarily due to the combination of memorial
rather than composite(texture) information.

The results from all of the experiments in this chapter indicate that performance for
morphed composites is dependent on the typ

of information combined. The

combination of ay four composites results in a significantly better image, when
different witnesseshave constructedthe composites.Similarly, a smaller increasein
performance may be observed when compositesfrom two witnesses are combined
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(Experiment 4& Bruce et al, 2002, experiment 1). However, this 2-Morph effect is
dependent on the type of composites that are combined. Performance increases when
two PROfits are combined (Bruce et al, 2002, experiment 1) and when a PROfit/EFIT and EvoFIT are combined (experiment 4) but not when a PROfit/E-FIT

and

Sketch are combined.

What are the practical implications
These results are particularly important with regard to current construction
procedures, as they indicate that the best performance levels are obtained when
compositesfrom four different witnessesare combined. At presentonly one witnessis
invited to construct a composite, while other witnesses are kept for other
identification procedures(e.g. line-ups). As such, the current ACPO guidelines state
that "The production of a composite image with multiple witnesses must not be
attempted, as this will amount to cross contamination of each witness's primary
memory" (pgl1). While this guideline does not specifically prohibit the construction
and combination of composites from more than one witness, it does not actually state
that composites from more than one witness can be constructed, nor does it state that
these composites can be used in combination.

As there is no way at present, of determining which witness will construct the `best'
quality composite, the results from this investigation and previous research (e.g.
McNeil et al, 1997; Bennet et al, 1999; Bruce et al, 2002, experiment 1) all indicate
that it would be beneficial to obtain composites from multiple witnesses. As the
experimentsin chapter 3 have revealed,the best and most consistent performanceis
observedwhen compositesfrom four different witnessesare combined, while smaller
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increasesin performance can be obtained when compositesfrom two witnessesare
combined.

What is the relationship between verbal descriptions and composite
construction?

Chapter 4 initially asked whether there was any relationship between the verbal
description that is initially provided by a witness and performance of the resulting

composite. Experiment 9 examined whether the amount of verbal description
provided was related to composite quality. The results revealed that there was no
relationship between these factors. In addition, the results from the verbal description

datarevealedthat more external feature information was recalled than internal feature
information. This supports face recognition research that has demonstrated that
unfamiliar face memory is dominated by external features (e.g. Bruce et al, 1999;

Bruce & Young, 1986; Ellis et al, 1979; Young et al, 1985).However, the amount of
verbal description provided did not support previous research(e.g. Shepherdet al,
1988).The larger amount of description provided in this investigation perhapsreflects
the useof cognitive interview techniquesto elicit the verbal descriptions.

Experiment 10 then extendedthis by examining the relationship between the amount
and accuracyof descriptionsfor a different set of targets.The results supportedthose
obtained in experiment 9 by revealing that significantly more external feature
information was recalled than internal feature information. However, there was no
clear relationship betweenthe amount and accuracyof descriptions.
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The results from experiments 9 and 10 therefore provide no support for the suggestion
that participants who provided larger descriptions (i. e. those containing more
descriptors) were more likely to produce better quality composites (Christie and Ellis,
1981). Instead, the results are similar to those reported in recognition studies (e.g.
Pigott & Brigham, 1985; Wells, 1985; Shepherd, Davies and Ellis, 1988), by clearly
indicating that there is no relationship between the amount of information recalled and
the quality of the resulting composite. Similarly, these results provide no support for
verbal overshadowing; the suggestion that providing a verbal description may impair
later performance (e.g. Dodson, Johnson & Schooler, 1997; Fallshore & Schooler,
1995; Schooler & Engstler-Schooler, 1990). Instead, they provide support for research
that has demonstrated no detrimental effect on performance (e.g. Clifford, Clifford &
Smith, 2002; Clifford, Burke & Clifford, 2003; Memon & Rose, 2001).

However, as the dual code hypothesis (Paivio, 1986) indicates that both the verbal and
differentially
visual code may

support different types of facial information (verbal =

featural, visual = configurational),

is it possible that these different

types of

information are represented in the different tasks? I. e. do verbal descriptions contain
more featural information,

while

the composites contain more configurational

information? The assessments of the verbal descriptions in experiments 9 and 10
indicate that a large proportion of information relates to featural information, in
feature information due to the nature of unfamiliar
particular, focusing on external
face memory. However,
contained within

assessing the amount of configurational

a composite is extremely difficult.

information

However, one method of

assessing whether the descriptions and composites contain different

types of

information is to present them together. Chapters 2 and 3 both demonstrated that the
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presentation of different types of information increased performance. However, the
presentation of similar types of information (more than one composite from the same
participant-witness) did not.

Will the combination of a description and a composite from the same witness increase
performance

Experiments 11 and 12 therefore examined whether the combination of a description
and a composite from the same participant-witness would increase performance. The
results from both experiments revealed that combining a composite and a description
from the same-participant witness did increase performance above the level observed
for a single composite. Interestingly, descriptions performed either as well as or better
than composites when presented alone. This not only suggests that participantwitnesses can recall useful identifiable information. It also suggests that composites
and descriptions may in fact contain different types of information. As performance
for descriptions was often as good as or better than composites when presented alone,
this suggests that both the visual and the verbal presentations contain useful
identifiable information.

In addition, experiment 12 attempted to examine this further by comparing
performance for

participant-generated descriptions/composites and

`perfect'

descriptions/composites.The results indicatedthat participants tendedto rely more on
the information contained in the description rather than the information contained
within the compositewhen making an identification decision. As a comparison of the
information contained within the generated and perfect descriptions was not
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undertaken, it is therefore difficult to ascertain whether the perfect descriptions
contained more configurational information than the generated descriptions. However,
as both types of description achieved similar levels of performance both when
presented alone and when presented together, it can perhaps be assumed that both
contained similar amounts of featural information. However, further research will

needto assessthis formally.

It is extremely interesting that the descriptionsperformed so well and that participants
appearedto rely greatly on the information contained within the descriptions. One
possiblereasonfor this may be explained by the nature of unfamiliar face memory. It
has been demonstratedthat external features dominate unfamiliar face, becausethey
occupy such a large part of the image (Bruce et al, 1999; Bruce & Young, 1986;Ellis
et al, 1979; Young et al, 1985). Therefore, it is likely that participants constructeda
composite that contained more accurate external feature information compared to
internal feature information. However, experiments 9 and 10 also revealed that
participants recalled more external feature information, so why would this result in a
differing types of information?
composite and a description that contained

Furthermore, any difficulties in accessingaccuratememorial information due to the
location of the face in `face space' (Valentine & Bruce, 1986; Valentine, 1991a), or
becauseof assimilation or integration effects (Bower, 1967; Hintzman, 1986,1988;
Metcalfe, 1990; Nosofsky, 1999; Rakover, 1999,2002) may similarly effect both
recall tasks. Therefore, it is difficult to ascertain why composites and descriptions
information.
might contain differing typesof
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One possible reasonhowever may concern proceduralor methodological differences
between the two tasks. Composite construction using modern computerised systems

such as PROfit attemptsto encourageholistic processing.For example, featuresare
presented within the context of a whole face and witnesses are encouraged to correct

external featural information prior to internal features,therebyproviding an `accurate'
facial context that may promote automatic recognition of features. It is therefore
possible that a witness may accurately recognise and reconstruct configurational
information. As Rakover (1999,2002) has suggestedthat there is a hierarchy of facial
schemas,it is possible that a witness may recogniseand reconstruct both the overall
schemaof the face and individual featural Schemas,without being able to recognise
and reconstructindividual featural components(e.g. colour of eyes).

In contrast, when a verbal description is elicited, recall of featural information is
encouraged.In particular, witnessesare encouragedto provide detailed information
regarding the shape of the face, hairstyle, eyes, eyebrows, nose, mouth and ears.
While witnessesare encouragedto visualise the whole face during the initial recall
attempt, further recall cycles ask a witness to focus on specific features, thereby

promoting recall of featural rather than configurational information.

These differing taskstherefore appearto result in the `extraction' of different typesof
information. This therefore helpsto explain why the presentationof a description with
its correspondingcomposite (i.e. the one generatedby the same participant-witness)
serves to increase performance, as the composite may contain more accurate
configurational information, while the descriptionmay contain more accuratefeatural
information.
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What are the practical implications?

The research described in chapter 4 together with recent research (Gabbert et al, 2003)
suggests that there is no relationship between the quality of description and the quality
of the resulting composite. This research therefore clearly indicates that verbal
descriptions lack any predictive utility. As the amount of verbal description provided
is often used by police operatives to assess an eyewitness (Gabbert et at, 2003) this
research clearly indicates that descriptions should not be used to assess witness

performance.

However,one of the difficulties of assessingthe relationship betweendescriptionsand
composites under ideal learning conditions, is that all participants recalled
information about most features.It was therefore impossible to assessthe importance
of failing to recall information about key features on composite construction. Future
experiments should therefore either use a more substantial delay between target
exposureand the cognitive interview, or adopt a more ecologically valid procedure
using both a live target and a substantialdelay.

Despitethis, the results from experiments 11 and 12 clearly indicate that descriptions
do contain useful information and can improve performance when combined with a
compositeat test. Additionally, theseresults indicate that descriptions and composites
contain different types of information and it is the combination of this varied
information that servesto increaseperformance.This researchtherefore suggeststhat
the emphasison verbal descriptions should be changedfrom one of trying to identify
a `good' witness,to trying to improve compositeperformance.
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Concluding comments
A great deal of research has examined facial composite performance and has
highlighted many of the factors that make facial recall and composite construction
such difficult tasks. However, while this research has increased our understanding of
both of the process of recalling an unfamiliar face and the process of reconstructing a

likeness of a briefly viewed face, very few improvements in composite performance
have been attained. However, the experiments contained within this thesis have
clearly demonstratedthat compositeperformancecan be improved, using information
from both sin le witnessesand multiple witnesses.

However, while this thesis has demonstratedthat facial compositescan be improved,
the process of conducting this research has raised many more questions about
composite construction and has highlighted several areas for future research. The first

area of future research concerns the improvement of composites at construction.
Chapter 2 asked whether more accurately matching encoding and retrieval cues
(view) might serve to increase performance. This was based not only on the encoding

specificity principle (e.g. Tulving & Thomson, 1973) but also on researchthat has
revealed that memory for unfamiliar faces is context or image specific (e.g. Bruce,
1982). Chapter 2 did provide some support for more accurately matching view at
encoding and retrieval, however this was limited primarily to three-quarter-view
composites.As researchhas highlighted the importance of context in both visual and
verbalmemory (seeMemon & Bruce, 1985-6for a review), more accuratelymatching
context at encoding and retrieval may yield higher performance levels. Future
researchshould therefore examine the role of context and encoding specificity in
more detail.
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Potential experiments might examine the impact of the background image during
construction, perhaps placing an image of the seen of the crime behind the facial

image. Additionally, examining whether composite performance increaseswhen the
compositeis madeat or near the sceneof the crime, rather than in a police station may
not only provide useful practical information, but would also highlight the role of
context effects in composite construction in more detail. Similarly, if context is
important durin compositeconstruction,it may also be important at the identification
final composite against a background depicting the
stage. Therefore, presenting the
identification.
scene of crime may also aid

Another method of more accurately matching the cues available at encoding at
retrieval may be to utilise

CCTV footage during construction. Often when a crime is

has been captured on CCTV.
committed, the event

If this footage displays the

is
suspect'sface then it can be shown in the media, in the hope that someonewho
familiar with the person will recognisethem (e.g. Bruce et al, 2001). However, if the
suspect'sface is not visible in the CCTV footage due to the angle/direction of the
camera,but has been seenby a witness,this witness may then be askedto constructa
facial composite. It would then be interesting to investigate whether this CCTV
footage would increasecompositeperformance,by allowing the witness to view the
footageduring construction.
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The second area of future research concerns what makes a good witness. Chapter 3
examined performance for sets of four composites from both multiple and single

witnesses. The results revealed a 4-Morph effect for composites from multiple
witnessesbut not from single witnesses.This suggestedthat the 4-Morph effect was a
result of the combination of different memorial representations,rather than just more
information. Similarly, the results also suggestedthat eachindividual compositewas a
deviation from the ideal or prototypical image and that thesedeviations were unlikely
to be correlated. However, what is also interesting is the degree to which each
composite differed and why. Why do some witnessesconstruct `good' likenessesof
an unfamiliar face, while other witnesses produce `poor' likenesses? Understanding
why construction ability differs between witnesses may help lead to a method of

identifying a `good' witness.

One interesting experiment may be to use an eye tracker to examine what individual
witnesseslook at when they are exposed to an unfamiliar target. Patterns of eye
movementscould be analysedto assesswhether some witnessesfocus more and for
longer on individual facial features,while others may make more general, global eye
movements.This may tell us whether there are individual differences in encoding
strategy. The patterns of eye movements could then be correlated with composite
performance to assesswhether there is any relationship i.e. is performance better
when the face has beenencodedfeaturally? Similarly, the pattern of featural encoding
could be examined in more detail. Do witnessesfocus more on external rather than
internal features,as indicated by unfamiliar face research(e.g. Bonner et al, 2003).
While there is a danger in assuming that eye movements correspond to attention and

encoding (see Christianson, Loftus, Hoffman & Loftus, 1991), examining the type
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and amount of eye movements may help to highlight potential differences in
construction ability between witnesses.

Another method of potentially examining differences between witnessesmay be to
utilise the remember/knowparadigm usedby many memory researchers(e.g. Inoue &
Bellezza, 1998; Lindsay & Kelley, 1996; Rajaram, 1993). In typical remember/know
experiments,participants are required to perform a standardrecognition task. In the
test phase, they are required to state whether an item is old or new, whether they
actually rememberthe item from the study phase, or whether they are just familiar
with it and how confident they are in their judgement. This is basedon Tulving's (e.g.
1973) experiential approach that indicates that recognition memory reflects at least
two distinct statesof awareness.The first is consciousrecollection, or remembering,
where an item is recognised because it has actually been remembered from the
original encoded experience (a remember judgement). The second is where an item is

recognised because it seems familiar (a know judgement). While research has
examined remember/knowjudgement in recognition tasks, no researchhas examined
thesejudgementsin the context of compositeconstruction.

While a recognition task is very different to a reconstruction task, thesejudgements
could be adapted quite easily to composite construction. When a witness choosesa
feature they could be asked whether they rememberthat the chosenfeature is similar
(i.e. the witness has a clear image of the original feature and can recognise that this
feature is similar), or whether it just seemsfamiliar (i.e. the witness cannot actually
rememberthe original eyes but they just look right). As unfamiliar face researchhas
indicated that external features may be more dominant in memory as they occupy
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such a large part of the image (e.g. Bruce et al, 1999; Bonner et al, 2003). It would be
interesting to examine whether witnesses report more remember judgements when
constructing external features and more familiarity

(know)

judgements

when

constructinginternal features.In addition, thesejudgements could be comparedwith
eye movements.An analysis of the amount of time spent on each feature or each
group of features (internal versus external) could be compared with reported
remember/knowjudgementsand performanceof the resulting composites.

However, in -order to understand why composite performance differs between
witnesses, it is important to understandthe exact nature of the task. Composite
constructionis essentiallya reconstructiontask and assuch, it has beennoted that this
task may have very little in common with standardrecognition tasks (e.g. Davies et al,
1978). In order to reconstruct a face, a witness is asked to initially recall the facial
features,then when this information is presentedin the form of a composite image,
the task involves both recognising and recalling whether the presented feature/face
`matches' matches their own internal representation.This task is very different to a
standard recognition test, where the task involves recognising whether a presented

faceor feature had previously beenencountered.

As we are much better at recognising facesthan recalling them, it has been assumed
that composite systems that ask witnessesto recognise whole faces (e.g. EvoFIT),
face featurally may be more successful. However,
rather than reconstructing the
recent research(Frowd et al, 2003a, 2003b) indicates that recognition basedsystems
such as EvoFIT do not perform better than feature basedsystems such as E-FIT and
PROfit. Furthermore, recent researchin our own laboratory has revealed a similar
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for both PROfit and EvoFIT, in that both systems produce
pattern of performance
better composites when the face has been encoded featurally rather than holistically.
This is surprising and perhaps indicates that the assumption that EvoFIT was a
holistic, recognition-based system was incorrect.

As remember/knowjudgements are thought to reflect different statesof awarenessin
help to highlight the processes involved in
recognition memory, they may
constructinga compositefor both standardfeature basedsystemssuch as PROfit and
more holistic systems such as EvoFIT. If composite construction using PROfit is
essentially a recall task then there may be no relationship between remember/know
judgements and composite construction. However, as it has been assumedthat
systemssuch as EvoFIT are more recognition-based,then it would be interesting to
examine the pattern of remember/knowjudgements when constructing an EvoFIT and
comparethesewith the judgementsreportedwhen constructinga PROfit.

However, there is a danger in examining memorial processesbasedon self-reported
judgements, as witnesses may not be explicitly aware of the processes they are using
to identify a face or a feature. Perhaps more invasive methods such as ERP's and
techniques such as functional MRI scans may highlight the exact nature of facial
PROfit and EvoFIT encourage witnesses
reconstruction. Composite systems such as

to construct a face in a certain way, by either asking them to select individual features
within the context of a face (PROfit), or by asking them to select whole faces
(EvoFIT). However, it is unclear whether individual witnesses are actually
constructingthe compositesin this manner.Are they purely recognising whetherfaces
are similar or dissimilar in EvoFIT or does this comparison process require active
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searching and recall of individual features? Similarly for PROfit, it is unclear exactly
what memorial processes witnesses are using when they construct a composite. As

memory research (e.g. Flexser & Tulving, 1978; Tulving & Flexser, 1992) has
indicated that recall and recognition are in fact two distinct aspects of the same
process, it is likely

that witnesses are both recognising and recalling

facial

information during construction. Similarly, multiple memory theories (e.g. Metcalfe,
1990; Hintzman, 1986)indicate that memory output can be a combination or schema
of severalsimilar items. However, while this indicates the difficulties associatedwith
construction, this does not tell us why witnessesdiffer in their ability to reconstructa
face. While the future researchdescribedearlier may not pinpoint the exact reasons
why witnessesdiffer in construction ability, they are directing researchin the right
direction. A great deal of composite research to date has examined the general
problems with construction and as a result much is known about the difficulties

associatedwith constructing an unfamiliar face from memory. However, this thesis
has helped to move this research forward by examining methods of improving

compositeconstruction. Future researchshould therefore expand on this by not only
examining methods of improving

composite construction, but also by gaining an

understandingof how and why individual witnessesdiffer in their ability to construct
a facial composite.

Similarly, anothervery important areaof researchconcernshow compositesshould be
evaluated. Throughout this thesis several different methods have been used to
evaluate facial composites. These include identification, likeness ratings and sixalternative forced-choice array tasks.Identification is the most ecologically valid task
as it is most similar to a real-life situation, where composites are displayed in the
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media, or in police stations,in the hope that someonewho is familiar with the suspect
will recognise them from the image. However, in psychological experiments, where

there is often a shortage of participants who are familiar with the target, an
assumption has been made that other tasks such as array tasks are equivalent to

identification. However, identification is a memorial task whereas matching a
compositeto an array is a perceptualmatchingtask, therefore, different strategiesmay
be used. As research has demonstrated that face recognition is holistic (see
introduction), whereas matching is often feature-based(matching composite and
photograph on individual features), matching a composite to an array may not be the
best proxy for an identification task. However, recent research in our lab has started to
investigate different methods of composite evaluation. This research has indicated
that while tasks such as matching are feature-based (participants match individual

features rather than the whole face), recognition of compositesmay also be featurebased.The results from theseinvestigationssuggestthat as compositesare often poor
representationsof faces, it is necessaryto examine individual features in order to
reach a recognition judgement. This is contrary to the way in which good
representations (e.g. photographs) of faces are normally processed and future work

will needto examinethis in more detail.

To conclude, this thesis has clearly demonstrated that facial composites can be
improved. In particular, it has demonstratedthat the presentationof multiple types of
information from both single and multiple witnessescan increaseperformanceat test.
This thesis has also highlighted many important areasof future research.Of particular
interest is gaining a fuller understandingof how and why individual witnessesdiffer
in their ability to construct a composite. Increasing our understandingof individual
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differences may not only lead to a method identifying a `good' witness, it may also
increase our understanding of the exact processes involved in composite construction.

While this thesis has clearly demonstratedthat facial composites can be improved,
increasing our understandingof individual differences may help to further improve
both the construction andidentification of facial composites.
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Appendix
Experiment 1: Likeness Ratings
Descriptives
Descriptive Statistics
N
7U--LLFACE
THREEQUA
GENERAT
Valid N (listwise) 1

40
40
40
40 1

Minimum
1.63
2.13
1.25

Maximum
6.50
5.63
4.50

Mean
3.7594
4.0719
2.5156

Std. Deviation
1.2768
9557
.
8975
.

Repeatedmeasure anova on likeness ratings -4 (target) by 3
(type of composite)
Tests of Within-Subjects Effects
Measure: MEASURE-1

Source
TARGET

Sphericity Assumed

Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
rror(TARGET)
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
TYPE
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Error(TYPE)
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
TAR ET*TYPE
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Error(FARGET*TYPE) Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
164.418
164.418
164.418
164.418
188.936
188.936
188.936
188.936
216.879
216.879
216.879
216.879
232.288
232.288
232,288
232.288
103.146
103.146
103.146
103.146
440.188
440.188
440.188
440.188

259

df
3
2.919
3.000
1.000
117
113.827
117.000
39.000
2
1.997
2.000
1.000
78
77.893
78.000
39.000
6
4.896
5.684
1.000
234
190.941
221.663
39.000

Mean Square
54.806
56.334
54.806
164.418
1.615
1,660
1.615
4.845
108.440
108.588
108.440
216.879
2.978
2.982
2.978
5.956
17.191
21.068
18.148
103.146
1.881
2.305
1.986
11.287

F
33.939
33.939
33.939
33.939

Sig.
000
.
000
.
000
.
000
.

36.413
36.413
36.413
36,413

000
.
000
.
000
.
000
.

9.139
9.139
9.139
9.139

000
.
000
.
000
.
004
.

T-Tests on type
Paired Samples Test
Paired Differences

Pair I
Pair 2
Pair 3

FULLFACE- THREEQUA
FULLFACE- GENERAT
THREEQUA- GENERAT

Mean
Std. Deviation
1.2391
-.3125
1.2438
1.1999
1.5563
1.2215

95% Confidence
Intervalof the
Difference
Std. Error
Mean
Lower
upper
1959
7088
8.377E-02
-.
.
1897
8600
1.6275
.
,
1 1.1666
1931
1.9469
.

t
-1.595
6.555
&058

df

SI

2-tai![LdL

39
39
39

'119
.000
000
.

Anova for target 1
Tests of Within-Subjects Effects
Measure: MEASURE-1

Type III Sum
Source
of Squares
Assumed
159.879
TYPE
Sphericity
Greenhouse-Gelsser
159.879
Huynh-Feldt
159.879
Lower-bound
159.879
158.288
Error(TYPE) SphericityAssumed
Greenhouse-Geisser
158.288
Huynh-Feldt
158.288
Lower-bound
158.288
1

df
2
1.796
1.877
1.000
78
70.047
73.215
39.000

MeanSquare
79.940
89.016
85.164
159.879
2.029
2.260
2.162
4.059

F
39.392
39.392
39.392
39.392

Sig.
000
.
000
.
000
.
000
.

T-Tests for target 1
Paired Samples Test
Paired Differences

Std. Error
Std. Deviation
Mean
1.6513
T1FF - T134
-1.3125
.2611
T1FF-T1GEN
1.5125
2.2346
.3533
2.1109 1
T134-TiGEN 1 2.8250 1
.3338
Mean

Pair 1
Pair2
Pair3

95% Confidence
Intervalof the
Difference
Lower
Upper
-1.8406
-.7844
7978
2.2272
.
2.1499
3.5001

df

I
-5.027
4.281
8.464

39
39
39 1

Sig. (2-tailed)
000
.
000
.
000
.

Anova for target 2
Tests of Within-Subjects Effects
Measure: MEASURE-1
Source
TYPE

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Error(TYPE) Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
929
.
929
.
929
.
929
.
114.404
114.404
114.404
114.404 1
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df
2
1.902
1.997
1.000
78
74.192
77.894
39.000 1

Mean Square
465
.
488
.
465
.
929
.
1.467
1.542
1.469
2.933

F
317
.
317
.
317
.
317
.

Sig.
729
.
719
.
729
.
577
.

Anova for target 3
Tests of Within-Subjects Effects
Measure: MEASURE-1
Source
TYPE

Error(TYPE)

Type III Sum
of Squares
Sphericity Assumed
57.950
Greenhouse-Geisser
57.950
Huynh-Feldt
57.950
Lower-bound
57.950
Sphericity Assumed
199.383
Greenhouse-Gelsser
199.383
Huynh-Feldt
199.383
Lower-bound
199.383 1
1

df
2
1.824
1.909
1.000
78
71.144
74.451
39.000 1

Mean Square
28.975
31.767
30.356
57.950
2.556
2.803
2.678
5.112 1

F
11.335
11.335
11.335
11.335

Sig.
.000
.000
.000
002
.

T-Test for target 3
Paired Samples Test
Paired Differences

Pair 1
Pair 2
Pair 3

Mean
T3FF - T334
-.5750
1.1000
T3FF - T3GEN
T334 - T3GEN 1 1.6750

Std. Deviation
2.5433
1.9289
2.2689

95% Confidence
Interval of the
Difference
Lower
Upper
2384
-1.3884
.
4831
1.7169
.
9494
2.4006
.

Std. Error
Mean
4021
.
3050
.
.3588

t

df

Sig. (2-t!.HeL
. 161
001
.
000
.

39
39
39

-1.430
3.607
4.669 1

Anova for target 4
Tests of Within-SubjectsEffects
Measure: MEASURE-1
Source
TYPE

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Error(TYPE) Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
101.267
101.267
101.267
101.267
200.400
200.400
200.400
200.400 1

df
2
1.917
2.000
1.000
78
74.782
78.000
39.000

Mean Square
50.633
52.812
50.633
101.267
2.569
2.680
2.569
5.138 1
1

F
19.708
19.708
19.708
19.708

Sig.
000
.
000
.
000
.
000
.

T-Tests for target 4
Paired Samples Test
Paired Differences

Pair 1 --T4-FF - T434
Pair2 T4FF-T4GEN
Pair 3 T434 - T4GEN .

Mean
.5000
2.1500
1.6500

Std. Deviation
2.2646
2.0544
2.4631

Std. Error
Mean
3581
.
3248
.
3894
.

261

95% Confidence
Interval of the
Difference
Lower
Upi)er
1,2242
-.2242
1.4930
2,8070
8623
2.4377
.

t
1.396
6.619
4.237

dl
39
39
39

Sig (2-tailed)
170
000
.
.000

T-Test on order of construction
Paired Samples Statistics

Pair
1

FIRST
SECOND

Mean
4.0656
3.7406

N
16
16

Std. Deviation
1.5329
1.5604

Std. Error
Mean
3832
.
.3901

Paired Samples Test
PairedDifferences

,

Pair1

Mean
- 73250
FIRST- SECONDI

Std. Deviation
1.5402

Std. Error
Mean
3851
.

Experiment 1: Identification
Friedman Test
Ranks
FF
TQ
GEN

Mean Rank
2.09
2.05
1.86

Test Statisticsa
N
Chi-Square
df
Asymp. Sig.

40
2.952
2
229
.
a. Friedman Test

Experiment 2: Stage 1
Cochran Test
Frequencies

0
full face bestcomposite
full faceintermediate
composite
bestfull faceand
threequarter
compositestogether
full face
intermediate
and threequarter
compositestogether

Value
- 1
23
26

6

20

12

15

17
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95%Confidence
Intervalof the
Differenc
Lower
Upper
1.1457
-.4957

I
844
.

=

df

Sla. (2-tailed)
412
.

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
8.426a
3
038
.
a. 1 is treated as a success.

McNemarTests
Test Statistics b

best full face

N
Exact Sig. (2-tailed)

I

full face
intermediate
composite &
full face best
best full face
composite &
and
full face
threequarter
intermediate
composites
together
composite
1
r
32
3F
375al
18f%a
a
.
.

and
threequarter
composites
together &
intermediate
full face and
three quarter
composites
together
32
3590
.

full face
intermediate
composite &
intermediate
full face and
three quarter
composites
to ether
32
019al
.

full face best
composite &
best full face
and
threequarter
composites
together
1
32
6298

a. Binomialdistdbutionused.
b. McNernarTest

Was the 2-view effect due to the fact that we just added In a
better image?
PairedSamples Test
PairedDifferences
95% Confidence
Intervalof the
Rd. Erro Difference
J
Mean td. Deviatio Mean Lower I Upper
t
Pair' FULLIFACE- THFJ .3687 1 1.93061 .6826 1.2452 11.98271 540
.

Experiment 2: Array task
Descriptive Statistics

N
FULLFACE
THREQUAR
GENERATE

Mean
48
48
48

Std. Deviation Minimum

5208
.
7292
.
4167
.

5049
.
5739
.
4982
.
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00 -Maximurn
1.00
.
00
2.00
.
00
1.00
.

df
7

ig. (2-tailec
606
.

Friedman test
Test Statisticif
N
Chi-Square
df
Asymp. Sig.

48
7.078
2
029
.
a. FriedmanTest

Wilcoxon SignedRanks Tests
Test Statisticf
THREQUAR FULLFACE
z
Asymp. Sig. (2-tailed)

GENERATE - GENERATE FULLFACE
THREQUAR
898b
-1.826'
-.
-2.694b'
068
369
007
.
.
.

a. Based on negative ranks.
b. Based on positive ranks.
c. Wilcoxon Signed Ranks Test

Graph showing performance by type Of Composite and quality
.s

.5

.4

.3
c
c0
.2

INTFFACE
INTFF34
BESFFACE

INTFFGEN
BEFF34
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BESFFGEN

Wilcoxon SignedRanksTests

Test Statlstlcf
INTFF34INTFFACE
z

BEFF34BESFFACE

-1.500a
134
.

Asymp. Sig. (2-tailed)

-1.000a
317
.

INTFFGEN - BESFFGEN - INTFFGEN - BESFFGEN INTFFACE
BESFFACE
INTFF34
BEFF34
'
'
4710
-.
-. 655b
-1.886b
-1.698b
637
513
059
090
.
.
.
.

a. Based on negativeranks.
b. Based on positiveranks.
c. Wilcoxon SignedRanksTest

Experiment 3: Encoding Specificity Likeness Ratings
Descriptives
DescriptiveStatistics
N
FFFF
FF34
FFALL
THFF
TH34
THALL
Valid N (listwise) 1

Mean

Minimum Maximum
22
22
22
22
22
22
22 1

6.06
6.00
6.75
5.75
6.25
6.00

1.88
1.38
3.25
1.25
1.50
1.95
1
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Std. Deviation

3.7074
3.5909
4.6023
3.4886
3.8807
3.7564
1

1.1922
1.2236
1.0269
1.1883
1.1986
1.0857
1

Repeated measures anova- 2 (type- ff, 3/4) by 3 (view -video)
Tests of Withln-Subjects Effects
Measure: MEASURE-1
Source
TYPE

Error(TYPE)

VIEW

Error(VIEW)

TYPE * VIEW

Error(TYPE*VIEW)

Type III Sum
of Squares
SphericityAssumed
6.100
Greenhouse-Gelssei
6.100
Huynh-Feldt
6.100
Lower-bound
6.100
SphericityAssumed
23.913
Greenhouse-Geissei
23.913
Huynh-Feldt
23.913
Lower-bound
23.913
SphericityAssumed
40.790
Greenhouse-Geissa
40.790
Huynh-Feldt
40.790
Lower-bound
40.790
SphericityAssumed
44.517
Greenhouse-Geissei
44.517
Huynh-Feldt
44.517
Lower-bound
44.517
SphericityAssumed
22.252
Greenhouse-Goissei
22.252
Huynh-Feldt
22.252
Lower-bound
22.252
SphericityAssumed
28.868
Greenhouse-Geissei
28.868
Huynh-Feldt
28.868
Lower-bound
28.868 1

df

Mean Square
1
6.100
1.000
6.100
1.000
6.100
1.000
6.100
21
1.139
21.000
1.139
21.000
1.139
21.000
1.139
2
20.395
1.901
21.462
2.000
20.395
1.000 1
40.790
42
1.060
39.912
1.115
42.000
1.060
21.000
2.120
2
11.126
1.952
11.400
2.000
11.126
1.000 1
22.252
42
687
.
40.988
704
.
42.000
687
.
2.1.000
1.375 1

F
5.356
5.356
5.356
5.356

Sig.
.031
031
.
031
.
.031

19.242
19.242
19.242
19.242

000
.
.000
.000
.000

16.187
16.187
16.187
16.187

000
.
000
.
.000
.001

View and full-face composites
Tests of Within-Subjects Effects
Measure:MEASURE-1
Source
VIEW

Error(VIEW)

rype III sum
of Squares
Sphericity Assume
53.893
Greenhouse-Geis,-c
53.893
Huynh-Feldt

53.893

Lower-bound
Sphericity Assume
Greenhouse-GeisE
Huynh-Feldt

53.893
35.139
35.139
35.139

Lower-bound

35.139
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df
2
1.668
1.794
1.000
42

,

35.022
37.683
21.000

Aean Square
26.946
32.315
30.033
53-893
837
.
1.003
932
.
1.673

F
32.208
32.208
32.208
32.208

Sig.
000
.
000
.
000
.
000
.

View and three-quarter-view composites
Tests of Within-Subjects Effects
Measure: MEASURE-1
Type III Sum
df
Mean Square
of Squares
Sphericity Assum
9.150
2
4.575
Greenhouse-Geisser
9.150
1.731
5.286
Huynh-Feldt
9.150
1.872
4.887
Lower-bound
9.150
1.000
9.150
Sphericity Assumed
38.246
42
911
.
Greenhouse-Geisser
38.246
36.348
1.052
Huynh-Feldt
38.246
39.320
973
.
Lower-bound
38.246
1
1 21.000
1.821

Source
VIEW

Error(VIEW)

F
5.024
5.024
5,024
5.024

Sig.
011
.
015
.
013
.
036
.

T-Tests on view and type of composite
PairedSamplesTest

PaiF-1TH34- THALL
Pair2 THFIF- THALL
Pair3 THFF-TH34
Pair4 FF34- IFFALL
Pair5 FFFF- FFALL
Pair6 FFFF- FF34
Pair7 FFFF- THFIF
Pair8 FF34- TH34
Pair9 IFFALL- THAý

PairedDifferences
95%Confidence
Intervalof the
Difference
Std.Error
Mean Std.Deviation Mean
Lower
UD[)er
1243
8061
1719
2331
-.
.
.
.
.4817
2678
4957
1057
4875
-.
-.
.4.80E-02
.
.
7737
1650
7351
-.3920
-.
-4.90E-02
.
.
6835
1457 -1.3144
-1.0114
-.7083
.
.
8949
7416
1581
-.
-1.2237
-.5661
.
.
1165
4877
1040
9.97E-02
.
.
.
.3327
2188
7412
1580
1099
-.
.
.
.
.5474
5167
1102
5188
6.07E-02
-.2898
-.
.
.
.8459
.5946
.1268
.5822 . 1-1095f

Experiment 3: Encoding Specificity Array Task
Friedman Test on collapsed data
Ranks

FULLFACE
THROUART
BOTH

1
Mean Rank
1.84
1.97
2.19
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t
.723
-2.534
-2.377
-6.941
-5.660
1.120
1.384
-2.631
6.672

df
21
21
21
21
21
21
21
21
21

Sio. (2-tailed)
.478
.019
.027
.000
.000
.275
.181
016
.
.000

Test StatisticO
N
Chi-Square
df
Asymp. Sig.

64
6.049
2
.049

Friedman Test

Wilcoxon Signed Ranks Test
Test Statisticsb

BOTHBOTHTHRQUARTFULLFACE THRQUART FULLFACE
z
-2.354a
-1.733a
-.6618'
Asymp.Sig.(2-tailed)
019
083
508
.
.
.
a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test

Cochran Test on type and view
Test StatIstics
N
Cochran's 0
df
Asymp. Sig.

64
22.688a
8
004
.

a. 0 is treatedas a success.

Cochran Test on full-face composites and view
Frequencies

Value
0
FFFF
FF34
FFALL

1
55
54
41

9
10
23

Test Statistics
N
Cochran's Q
df
Asymp. Sig.

64
11.806a
2
003
.

a. 0 is treatedas a success.
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McNemar Tests for full-face composites and view
Test Statisticsb
FF34 & FFALL FFFF & FFALL FFFF & FF34
64
64
64
N
01la
004a
1.000a
Exact Sig. (2-tailed)
.
_.
a- Binomial distribution used.
b. McNemar Test

Cochran Test on 3/4 view comps and view
Test Statistics
64
3.161a
2
206
.
a. 0 is treated as a success.

N
Cochran's 0
df
Asymp. Sig.

McNemar tests for 3/4 view composites and view
Test Statlstlcf

TH34&
THALL
64
000
.
1.000

N
Chi-Squarea
Asymp.Sig.
ExactSig.(2-tailed)1
a. ContinuityCorrected

THFF&
THALL THFF& TH34
64
64

210b,
.

065b
.

b. Binomial distribution used.
c. McNemar Test

Pairwise comparisons
Test Statlslcs
-HALL
:34 -M ALL - FFALL - FF 134-THI ALL -TH IALL -TH FFALLJ34- FR IFF- FF
7050-07898'
z
-.
-1.886' -.5007
-.243' -2.985' -2.711' -2.1118 -1.460'
007
035
003
144. 1.000. 369.
059.
617.
Asymp. Sig.. .808.
.
.
.
.
.
.
.
aBased on negative ranks.
bThe sum of negative ranksequals the sum of positive ranks.
c8ased on positive ranks.
dWilcoxon Signed Ranks Test

269

Experiment 4: Likeness Ratings
Tests of Within-Subjects Effects
Klmnciirp- MFAS'LJRE

Source
TAFR-GET

1

Type III Sum
of Squares
Sphericity Assumed
153.992
Greenhouse-Geisser
153.992
Huynh-Feldt
153,992
Lower-bound
153.992

Sphericity
Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
TYPE
Greenhouse-Gelssei
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Error(TYPE)
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Assumed
TARGET*TYPE Sphericity
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Error(TARGET*TYPE
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
1
Error(TARGET)

df
3
2.776
3.000
1.000

75.438
75.438
75.438
75.438
52.613
52.613
52.613
52.613
24.489
24.489
24.489
24.489
20.523
20.523
20.523
20,523
61.657
61.657
61.657
61.6571

Mean Square
51.331
55.465
51.331
153.992

57
52.751
57.000
19.000
1
1.000
1.000
1.000
19
19.000
19.000
19.000
3
2.647
3.000
1.000
57
50.285
57.000
19-0001

1.323
1.430
1.323
3.970
52.613
52.613
52.613
52.613
1.289
1.289
1.289
1.289
6.841
7.755
6.841
20.523
1.082
1.226
1.082
3.245

F
36.785
36.785
36.785
36.785

Sig.
000
.
.000
000
.
000
.

38.061
38,061
38.061
38-061

.000
.000
.000
.000

7.224
7.224
7.224
7.224

.001
.002
.001
.021

Anova for target 1
Tests of Within-Subjects Effects
hA-ýeiirim-

KA;: AqIIRF

1

Type III Sum
of Squares
Source
Sphericity
Assumed
187.633
TYPE
187.633
Greenhouse-Geisser
Huynh-Feldt
187.633
187.633
Lower-bound
64.367
Error(TYPE) SphericityAssumed
64.367
Greenhouse-Geisser
64.367
Huynh-Feldt
64.367 1
Lower-bound
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df

MeanSquare
2
93.817
1.954
96.048
2.000
93.817
1.000
187.633
38
1.694
37.117
1.734
38.000
1.694
19.000 1
3.388

F
55.386
55.386
55.386
55.386

Sig.
000
.
000
.
.000
.000

T-test
Paired Samples Test

Pair 1 BES --WOR
Pair 2 BES - MOR
Pair 2 WOR - MOR

Mean
4.15
1.00
-3.15

Paired Differences
95% Confidence
Intervalof the
3td. Error Difference
td. Deviatioi Mean Lower Upper
1.93
43
3.25
5.05
.
1.89
42
11
1.89
.
.
1.69
38
-3.94
-2.36
.

t
9.631
2.364
-8.314

df
19
19
19

;iq. (2-tailed
000
.
029
.
000
.

Anova for target2
Tests of Within-Subjects Effects

Measure:MEASURE-1
Type III Sum
of Squares
Source
SphericityAssumed
14.033
TYPE
Greenhouse-Gelsser
14.033
Huynh-Feldt
14.033
Lower-bound
14.033
76.633
Error(TYPE) SphericityAssumed
Greenhouse-Geisser
76.633
Huynh-Feldt
76.633
Lower-bound
76.633 1
1

df
2
1.976
2.000
1.000
38
37.538
38.000
19.000 1

MeanSquare
7.017
7.103
7.017
14.033
2.017
2.041
2.017
4.033

F
3.479
3.479
3.479
3.479

Sig.
041
.
042
.
041
.
078
.

df

iq. (2-tailed
.035
917
.
025
.

Paired SamplesTest
PairedDifferences
95% Confidence
Intervalof the
Difference
ýItd.Erroi
Mean td. Deviatioi Mean Lower
t
_22per
WOR
1.97
44
64E-02
1.92
1.00
2.266
Pair 1 BES. .
MOR
2.11
47
94
OOE-02
Pair 2 BES-1.04
-.106
.
.
43
1.93
Pair." WOR - MOR
-1.05
-1.95
-.15 -2.430
.

Anovafor target3
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19
19
19

Tests of Within-Subjects Effects
f,Ao.qqijrp- MEASURE 1

Type III Sum
Source
of Squares
Assumed
159.100
TYPE
Sphericity
Greenhouse-Geisser
159.100
Huynh-Feldt
159.100
159.100
Lower-bound
88.900
Error(TYPE) SphericityAssumed
Greenhouse-Geisser
88.900
88.900
Huynh-Feldt
Lower-bound
88.900 1
1

df

MeanSquare
2
79.550
1.368
116.327
1.438
110.645
1.000
159.100
38
2.339
25.986
3.421
27.321
3.254
19.000 1
4.679 1

F
34.003
34.003
34-003
34.003

Sig.
000
.
000
.
000
.
000
.

1

T-Test
Paired SamplesTest

7-WOR
Pair1 TE7S9
Pair,'c'BES - MOR
WOR - MOR
Pair%'ý

Paired Differences
95% Confidence
Interval of the
Difference
)td. Erro
Mean td. Deviatio Mean Lower Upper
54 . 2.22
3.35
2.41
4.48
.
1.24
28
38
-.20
-.78
.
.
2.58
58
-3.55
-4.76 1 -2.34
.

t
6.211
-.721
-6.142

df

ig. (2-taile(
19
000
.
19
479
.
19
000
.

Anova for target 4
Tests of Within-Subjects Effects
manqiirw MEASURE 1
Type III Sum
of Squares
Source
Sphericity
Assumed
243.900
_TYPE
Greenhouse-Geisser
243.900
243.900
Huynh-Feldt
243.900
Lower-bound
48.767
Error(TYPE) Sphericity Assumed
Greenhouse-Gelsser
48.767
48.767
Huynh-Feldt
Lower-bound
48.767 1
1
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df
2
1.573
1.691
1.000
38
29.888
32.120
19.000 1

Mean Square
121.950
155.051
144.276
243.900
1.283
1.632
1.518
_2.567

F
95.026
95.026
95.026
95.026

1

Sig.
000
.
000
.
000
.
000
.

1

T-Test
Paired Samples Test
PairedDifferences
95% Confidence
Intervalof the
'td. Erroi Difference
3
Mean td. Deviatioi Mean Lower Upper
t
4.20
Pair 1BES - WOR
1.61
36
3.45
4.95
11.672
.
Pair 1291
BES -MOR
1.18
26
40
-. 15
-.70
-.567
.
.
Pairr: WOR - MOR
1.93
. -4.35 .
.43 , .5.25 1 -3.45 -10.096

Experiment 4: Identification
Cochran test
Frequencies

Value
0
BEST
WORST
MORPH
FOUR

1
25
27
23
21

7
5
9
11

Test Statistics
N
Cochran's Q
df
Asymp. Sig.

32
3.750a
3
290
.

a. 0 is treated as a success.

Experiment 4: 6AFC
Cochran Test on overall correct responses
Test Statistics
N
Cochran's 0
df
Asymp. Sig.

64
4.914a
3
178
.

a. 0 is treatedas a success.
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df
ig. (2-tailec
]
19
.000
19
.577
19
000
.

McNemar Tests
Test Statisticsb
MORPH & MORPH &
BEST
WORST
N
64
64
Chi-Squarea
1.633
1.441
Asymp. Sig.
201
230
.
.
a. Continuity Corrected

MORPH &
FOUR
64
3.704
.054

b. McNemar Test

Cochran Test on overall incorrect responses
Test Statistics
N
Cochran's 0
df
Asymp. Sig.

64
5.122a
3
163
.

a. 1 is treatedas a success.

Experiment 5: Likeness Ratings
Descriptives
DescriptiveStatistics
N
COMP
MINI
MORPH
, Valid N (listwise)

24
24
24
24 ,

Minimum
1.63
1.56
2.00

Maximum
6.13
6.31
7.50
I
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--

Mean
3.5938
3.7917
5.5104
I

Std. Deviation
1.1739
1.1341
1.4437
I

Repeated Measures Anova
Tests of Within-Subjects Effects
Measure: MEASURE-1
Type III Sum
of Squares
SphericityAssumed
83.421
Greenhouse-Geisser
83.421
Huynh-Feldt
83.421
Lower-bound
83.421
Sphericity
Assumed
86.821
Error(TARGET)
Greenhouse-Gelsser
86.821
Huynh-Feldt
86.821
Lower-bound
86.821
SphericityAssumed
229.038
TYPE
Greenhouse-Goisser
229.038
Huynh-Feldt
229.038
Lower-bound
229.038
Sphericity
Assumed
93.078
Error(TYPE)
Greenhouse-Geisser
93.078
Huynh-Feldt
93.078
Lower-bound
93.078
Sphericity
Assumed
17.550
TA ET* TYPE
Greenhouse-Gelsser
17.550
Huynh-Feldt
17.550
Lower-bound
17.550
Assumed
Sphericity
141.006
ARGET*TYPE
Err r(
Greenhouse-Geisser
141.006
Huynh-Feldt
141.006
Lower-bound
141.006 1
1
Source
T-A-RGET

Repeated Measures Anova on target 1
Within-Subjects Factors
Measure: MEASURE-1
Dependent
Variadbele_ý]
TYPEJ
1
Tl COMP
2
Tl MINI
T14MORPH
3

275

df
3
2.537
2.878
1.000
69
58.350
66.187
23.000
2
1.191
1.219
1.000
46
27.392
28.034
23.000
6
3.088
3.621
1.000
138
71.020
83.289
23.000

Mean Square
27.807
32.882
28.989
83.421
1.258
1.488
1.312
3.775
114,519
192.315
187.907
229-038
2.023
3.398
3.320
4.047
2.925
5.684
4.846
17.550
1.022
1.985
1.693
6.131

F
22.099
22.099
22.099
22.099

Sig.
.000
000
.
.000
000
.

1
56.596
56.596
56,596
56.596

000
.
.000
.000
000
.

2.863
2.863
2,863
2.863

012
.
041
.
033
.
.104

Tests of Within-Subjects Effects
Measure: MEASURE-1
Type III Sum
Source
of Squares
Assumed
105.231
Sphericity
TYPE
Greenhouse-Gelsser
105.231
Huynh-Feldt
105.231
Lower-bound
105.231
Sphericity
Assumed
50.811
Error(TYPE)
50.811
Greenhouse-Geisser
50.811
Huynh-Feldt
50.811 1
Lower-bound
1

df
2
1.532
1.620
1.000
46
35.246
37.262
23.000 1

Mean Square
52.615
68,668
64.955
105.231
1.105
1.442
1,364
2.209 1

F
47.634
47.634
47.634
47.634

Sig.
000
.
000
.
000
.
000
.

1

T-Tests on target I
Paired Samples Statistics

COMP
Pýj-r-ri
1
TlMINI
Tl MINI
Pair
2
T14MORPH
TlCOMP
Pair
3
T14MORPH

Mean
3.8750
4.6979
4.6979
6.7500
3.8750
6.7500 1

N
24
24
24
24
24
24 1

Std. Error
Mean
2360
.
2807
.
2807
.
3255
.
1.1563
2360
.
1.5948 1
3255
.

Std. Deviation
1.1563
1.3752
1.3752
1.5948

Paired Samples Test
PairedDifferences
95% Confidence
Intervalof the
Difference
Std. Error
Mean Rd. Deviation Mean
Lower
Upper
2066
8229
1.0121
1
T1GOMP
IMINI
Pair
-I
-.
-1.2503
-.3955
.
1.5965
3259
Pair2 T1MINI-T14MORF -2.0521
-2.7262 -1.3779
.
3567
1.7477
Pair3 T1COMP-T14MOF -2.8750 .
. .
_-3.6130 -2.1370

Anova on target 2
Within-Subjects Factors

Measure:MEASURE-1
TYPE
T2
,3

1

Dependent
Variable
T2COMP
T2MINI
T24MORPH
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t
-3.983
-6.297
-8.059

df
23
23
23

r)ig. (2-talled)
.001
000
.
.000

Tests of Within-SubjectsEffects
Measure: MEASURE-1
Type III Sum
of Squares
SphericityAssumed
50.106
Greenhouse-Gelsser
50.1D6
Huynh-Feldt
50.106
Lower-bound
50.106
80.727
Error(TYPE) Sphericity Assumed
Greenhouse-Geisser
80.727
Huynh-Feldt
80.727
Lower-bound
80.727 1
1

Source
TVP--E

df
2
1.264
1.303
1.000
46
29.064
29.974
23.000 1

Mean Square
25.053
39.652
38.448
50.106
1.755
2.778
2.693
3.510

F
14.276
14.276
14.276
14.276 1

Sig.
000
.
DOO
000
.
001
.

T-Test on target 2
Paired Samples Statistics

Pair
1
Pair
2
Pair
3

T2
T2MINI
T2COMP
T24MORPH
T2MINI
T24MORPH

Mean
3.1354
2.9271
3.1354
4.7917
2.9271
4.7917

N
24
24
24
24
24
24

Std. Deviation
1.4577
1.5331
1.4577
2.0212
1.5331
2.0212

Std. Error
Mean
2976
.
.3129
2976
.
.4126
3129
.
.4126

Paired Samples Test

PairedDifferences
95%Confidence
Intervalof the
Difference
Std.Error
Mean ')td.Deviatior Mean Lower Upper
9659
1972 -.1995
Pair 1 T2COMP- T2MINI .2083
6162
.
.
.
2.3310 4758 -2.6406 -.6719
Pair 2 T2COMP- T24MC-1.6563
.
2.0403 , 4165 -2.7261 -1.0030
Pair 3 T2MINI- T24MOR -1.8646
.

Anova on target 3
Within-Subjects Factors
Measure: MEASURE-1
Dependent
Variable
TYPE
1
T3COMP
2
T3MINI
T34MORPH
31
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tI
1.057
-3.481
-4.477

df
23
23
23

ýiq.(2-tailed
.302
.002
.000

Tests of Within-Subjects Effects
MA.qqijrp- MEASURE I
Type III Sum
of Squares
Source
Assumed
Sphericity
47.978
TYPE
Greenhouse-Geisser
47.978
Huynh-Feldt
47.978
Lower-bound
47.978
Sphedcity
Assumed
59.360
Error(TYPE)
Greenhouse-Gelsser
59.360
Huynh-Feldt
59.360
Lower-bound
59.360 1
1

df
2
1.429
1.497
1.000
46
32.868
34.437
23.000 1

Mean Square
23.989
33.574
32.044
47.978
1.290
1.806
1.724
2.581 11

F
18.590
18,590
18.590
18.590

Sig.
.000
000
.
.000
000
.

T-Test on target 3
PairedSamplesStatistics

pjjrF-T3MINI
1
T34MORPH
T3COMP
Pair
2
T34MORPH
T3COMP
Pair
3
T3MINI

Mean
3.4896
5.2500
3.5486
5.2500
3.5486
3.4896

N
24
24
24
24
24
24

Std. Deviation
1.2302
2.0270
1.4214
2.0270
1.4214
1
1.2302

Std. Error
Mean

.2511
4138
.
.2901
4138
.
2901
.
2511
.

Paired Samples Test
PairedDifferences
95% Confidence
Intervalof the
Difference
Std.Error
Mean Std.Deviation Mean
Lower
Upper
1.7654
3604
Pair 1 T3 II- T34MORP -1.7604
-2.5059
-1.0149
.
1.9098
3898 -2.5078
Pair2 T3COMP- T34MOF -1.7014
-.8950
.
T3MIN1
9892
2019
3587
4767
T3COMP
903E-02
Pair3
-.
.
.
.
.
.

Anova on target 4
Within-Subjects Factors
mpasure: MEASURE-1
Dependent
Variable
TYPE
1
T4COMP
TWINI
2
T44MORPH
,3
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I
-4.885
-4.364
.292

df
23
23
23

Sig. (2-tailed1
000
.
000
.
.773

Tests of Within-Subjects Effects
m,q.q-,,ijra- MEASURE I

Type III Sum
of Squares
Source
Assumed
Sphericity
43.273
TYPE
43.273
Greenhouse-Geisser
Huynh-Feldt
43.273
Lower-bound
43.273
Assumed
43.186
Error(TYPE) Sphericity
Greenhouse-Geisser
43.186
43.186
Huynh-Feldt
43.186 1
Lower-bound
1

df
2
1.290
1.334
1.000
46
29.672
30.683
23.000

Mean Square
21.636
33.542
32.437
43.273
.939
1.455
1,407
1.878
1

F
23.046
23.046
23.046
23.046

Sig.
.000
000
.
.000
000
.

T-Test on target 4
Paired Samples Statistics

Pair
2

T4MINI
T44MORPH
T4COMP
T44MORPH

Pair
3

T4COMP
T4MINI

Pair
1

N

Mean
4.0521
5.2500
3.3750
5.2500
3.3750
4.0521

24
24
24
24
24
24

Std. Deviation
1.3000
1.9167
1.3290
1.9167
1.3290
1.3000 1
1

Std. Error
Mean
.2654
.3913
2713
.
3913
.
2713
.
2654
.

Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Difference
Std. Error
Mean 34d.Deviation Mean
Lower
Upper
1.4218
2902
Pair i T4MINI-T44MORF -1.1979
-1.7983
-.5975
.
T44MOI
1.7336
3539
2
T4COMP
Pair
-1.8750
-2.6070 -1-1430
.
7784
1589
6771
Pair 3 T4COMP - TWINI
-.3484
-.
, -1.0058
.
.

Experiment 5: 6AFC
Cochran Test
Frequencies

Value
0
comp8 subsperbook
bestmini8 subsperbook
worstmini8 subsper
book
4 morph8 subsperbook

1
18
18

14
14

21

11

17

15
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t
-4.127
-5.299
-4.261

df

31g.(2-taile
23
.000
23
.000
23
.000

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
1.227a
3
746
.
a. 0 is treated as a success

By target analyses
Cochran Test
Frequencies
Value
0
T1COMP
T1 BMINI
TlWMINI
T14MORPH
T2COMP
T21BMINI
T2WMINI
T24MORPH
TWOMP
T3BMlNI
T3WMINI
T34MORPH
T4COMP
T413MINI
T4WMINI
1 T44MORPH 1

1
2
4
5
4
3
4
5
4
7
6
6
7
6
4
5
21

6
4
3
4
5
4
3
4
1
2
2
1
2
4
3
6

Test Statistics
N
Cochran's0
df
Asymp. Sig.

8
19.861
15
177
.

a. 1 is treated as a success

280

For target 1
Cochran Test
Frequencies

Value
0
T1COMP
TlBMINI
TlWMINI
T14MORPH

2
4
5
4

6
4
3
4

Test Statistics
N8
Cochran's 0
df
Asymp. Sig.

3.000a
3
392
.
a. 1 is treated as a success

For target 2
Cochran Test
Frequencies
Value
0
T2COMP
T2BMINI
T2WMINI
T24MORPH

3
4
5
4

5
4
3
4

Test Statistics
N

8
1.200a
0
Cochran's
df
3
Sig.
Asymp.
753
.
a. 0 is treated as a success

For target 3
Cochran Test
Frequencies

Value
0
T3COMP
T313MINI
T3WMINI
T34MORPH

1
7
6
6
7

1
2
2
1
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Test StatistIcs
N
Cochran's0
df
Asymp. Sig.

8
750a
.
3
861
.
a. 0 is treated as a success

For target 4
Cochran Test
Frequencies

Value
0
T4COMP
T413MINI
T4WMINI
T44MORPH

6
4
5
2

2
4
3
6_j

Test Statistics

1

N8
Cochran's0
df
Asymp.Sig.

5.0008
3
172
.

a. 0 is treated as a success

Experiment 6: Identification
Cochran Test
Frequencles

Value
0
BEST
WORST
ALL4
FFACE

1
15
20
12
20

17
12
20
12

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
5.24311
3
.155

a. 0 is treated as a success
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False positive ID data
Cochran Test

Frequencies

Value
0
SINGLE
BEST4
WORST4
ALL4

1
24
24
23
27

8
8
9
5

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
1.543a
3
672
.
a. 0 is treated as a success

By target and type
Cochran Test
Frequencies

Value
0
T1SINGLE
T1 BEST4
T1 WORST4
TI ALL4
T2SINGLE
T2BEST4

8
0
3
1
4
6

T2WORST4
T2ALL4
MINGLE

8
3
8
8
8
8
0

T3BEST4
T3WORST4
T3ALL4
T4SINGLE
T4BEST4

1
1

T4WORST4
T4ALL4

0

0
8
5
7
4
2
0
5
0
0
0
0
8
7
7
8

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

8
84.860a
15
000
.

a. 0 is treated as a success

For target 1
283

Cochran Test
Frequencies

Value
T1 SINGLE
T1 BEST4
T1WORST4
T1ALL4

0
8
0
3
1

0
8
5
7

Test Statistics
N8
Cochran's 0
df
Asymp. Sig.

16.286a
3
001
.
a. 0 is treated as a success.

McNemar Test
Test Statistick
TlWORST4 TlBEST4 TISINGLE& TlSINGLE& TlBEST4&
TlSINGLE&
& Tl ALL4
& TlALL4
TlALL4
TlBEST4
TlWORST4 TlWORST4
8
8
N
8
8
8
8
ExactSig. (2-tailed)
625a
1.000a
0162
250a
.
.
-008a
.
.0630
a. Binomial distribution used.
b. McNemar Test

For target 2
Cochran Test
Test Statistics
N8
Cochran's 0
df
Asymp. Sig.

7.0801
3
069
.
a. 1 is treated as a success.

McNemar Test
Test Statistlcd)
T2WORST4
& T2ALL4
8
N
Sig.
(2-tailed)
Exact
063a
.
a. Binomial distribution used.
b. McNemar Test

T2BEST4 T2SINGLE & MINGLE & USINGLE &
T2BEST4 &
& T2ALL4
T2ALL4
T2BEST4
T2WORST4 T2WORST4
8
8
8
8
8
375a
1.000a
688a
25a
500n
.
.
.1
.

For target 4
Cochran Test
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Frequencies

Value
0
USINGLE
T4BEST4
T4WORST4
T4ALL4

0
1
1
0

8
7
7
8

Test StatistIcs
N8
Cochran's 0
df
Asymp. Sig.

2.000a
3
.572

a. 1 is treated as a success.

No of faces used to make an ID (strategy)
Best set of 4- Cochran Test
Frequencies

Value
0
BEST1F
BEST2F
BEST3F
BESTALL4

13
27
28
28

16
2
1
1

Test Statistics
N
Cochran's Q
df
Asymp. Sig.

29
32.40(r
3
.000

a. 1 is treatedas a success.

McNemarTest
Test Statiaticeb

N
Exact Sig. (2-tailed)

BEST1F&
BEST2F
29
.001a

BEST1F&
BEST1F&
BEST3F &
BEST2F &
BEST2F &
BEST3F
BESTALL4 BESTALL4
BEST3F
BESTALL4
29
29
2929
29
000a
000a
1.000a
1.0000
1,000A
.
.

a. Binomial distribution used.
b. McNemar Test

For worst sets of 4- Cochran Test
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Frequencies

Value
0
WORST1F
WORST217
WORST3F
WORSTAL4

1
19
24
29
24

10
5
0
5

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

29
10.000a
3
019
.
a. 0 is treated as a success.

McNemar Test

Test Statistick
WORST1F& WORST1 F& WORST1F& WORST2F & WORST2F & WORSTV &
WORST2F
WORST3F WORSTAL4 WORST3F WORSTAL4 WORSTAL4
N
29
29
29
29
29
29
Exact Sig. (2-tailed
302a
002a
302a
063"
1.0008
063'
.
.
.
.
.
a. Binomial distribution used.
b. McNemar Test

For the sets of 4 from 4 different witnesses
Cochran Test
Frequencies

Value
0
ALL41F
ALL42F
ALL43F
ALL4ALL4

20
23
28
23

9
6
1
6

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

29
6.000a
3
112
.
a. 0 is treated as a success.
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Strategy and accuracy
Friedman Test
Ranks
ONEFACE
TWOFACES
THREEFAC
ALL4

Mean Rank
3.14
2.38
1.96
2.52

Test Statisticif

N
Chi-Square
df
Asymp.Sig.

28
18.113
3
000
.

a. FriedmanTest

Wilcoxon Signed Ranks Test
Test Statiatici
ALL4ALL4ALL4THREEFAC- THREEFAC- TWOFACES
THREEFAC TWOFACES ONEFACE TWOFACES
ONEFACE ONEFACE
z
-2.496'
-.440a
-1.939b
-2.1117
-3-5866'
-2.297
(2-tailed:
Asymp.Sig.
013
660
050
035
000
.
.
.
.
.
.022
a. Based on negative ranks.
b. Based on positive ranks.

c. Wilcoxon Signed Ranks Test

Overall differences in identification accuracy for each set of 4
depending on strategy used
Cochran Test
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Frequencies

Value
0
lookedat 1 facefor best
set of 4
2 facesfor bestset of 4
3 facesfor bestset of 4
all 4 facesfor bestset of
4
1 facefor worstsetof 4
2 facesfor worstset of 4
3 facesfor worstset of 4
all 4 facesfor worstset
of 4
1 facefor setof 4 from
differentwitnesses
2 facesfor set of 4 from
different
3 facesfor setof 4 from
different
4 facesfor set of 4 from
different

1
17

11

27
27

1
1

27

1

24
25
28

4
3
0

24

4

20

8

23

5

27

1

22

6

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

28
35.466a
11
000
.
a. 0 is treated as a success.

Best set of 4- Cochran Test
Frequencies

Value
lookedat 1facefor
bestsetof 4
2 facesforbestsetof 4
3 facesfor bestsetof 4
all4 facesfor bestset
of 4

0
17
27
27
27

Test Statistics
N
Cochran's 0
df
Asymp. Sig.

28
21.4291
3
.000

0 is treated as a success.
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McNemar Test
Test Statisticl
looked at 1
face for best
set of 4&2
faces for
best set of 4
28
j

looked at 1
face for best
set of 4&3
faces for
best set of 4,
28
06a
00611

Exact Sig.(2-taile

looked at 1
face for best 2 faces for
2 faces for
3 faces for
set of 4& all best set of 4 best set of 4& best set of 4&
4 faces for &3 faces for ail 4 faces for all 4 faces for
best set of 41 best set of 4 best set of 41 best SAt nf 41
28
28 1
28
r- ý
zo
006a
1.00
1.000a
1.000R]
.

a. Binomial distribution used.
b. McNemar Test

For worst sets of 4
Cochran Test
Frequencies

Value
0
1 facefor w6-rstset of 4
2 facesfor worstsetof 4
3 facesfor worst setof 4
all 4 facesfor worstset
of 4

24
25
28

4
3
0

24

4

Test Statistics
ýN
Cochran's 0
df
Asymp. Sig.

28
3.909a
3
271
.

a. 0 is treatedas a success.

McNemarTest
Test Statistick
1 face for
1 face for
worst set of 4

1 face for
worst set of 4

worst set of 4
& all 4 faces

2 faces for
worst set of 4

2 faces for

3 faces for

worst set of 4
& all 4 faces

worst set of 4
& all 4 faces

&2 faces for &3 faces for for worst set &3 faces for for worst set for worst set
0
worst set of 4
worst set of 4 worst set o
of 4
of 4
28
28
28
N
28
28
28
25a
1.0()Oa
2 ailed
1.000a
250a
Exact Sig, ý-t
1.000a
25ul
.1
.
.1
a. Binomial distribution used.
j

b. McNemarTest

For sets of 4 from 4 different witnesses
Cochran Test
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Frequencies

Value
1

0
1 faceforset-of4 from
differentwitnesses
2 facesfor setof 4
fromdifferent
3 facesfor setof 4
fromdifferent
4 facesfor setof 4
fromdifferent

20

8

23

5

27

1

22

6

Test Statistics
28
5.200a
3
158
.
a. 0 is treated as a success.

N
Cochran's 0
df
Asymp. Sig.

McNemar tests
Test Statisticl

1faceforset 1faceforset
3 facesfor 2 facesfor of 4 from
of 4 from
different
setof 4 from setof4 from different
&4 witnesses
& witnesses
&
different&4 different
facesforset facesforset 4 facesfor 2 facesfor
of 4 from
of 4from setof 4 from setof 4 from
different
different
different
different
28
28
28
[N
28
791
a
581
25a
1.000a
ExactSig.
1 (2-tailed
.
. a
.1
a. Binomial distribution used.
b. McNemar Test

Experiment 7: PROfIt Identification
Friedman Test
Ranks
SINGLE
SKETCH
EVOFIT
ALL4

Mean Rank
2.25
2.30
2.69
2.76
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I faceforset
2 facesfor of 4 from
setof 4 from different
different&3 witnesses
&
facesforset 3 facesfor
of 4 from setof 4 from
different
different
28
28
21911
03961
.
.

Test Statisticof
N
Chi-Square
df
Asymp. Sig.

40
7.686
3
053
.
a. Friedman Test

Wilcoxon Signed Ranks Test-pairwise comparisons
Test Statistlef
ALL4 ALL4 ALL4 SKETCH - EVORT EVORT SKETCH
SINGLE
EVORT
SINGLE
SINGLE SKETCH
oo'oF
z
-.8821
-2.153a
-2.782a
-1.705a
-1.6678
Sig. (2-tailed)
378
031
005
1.000
088
.
.
.
.
.097
_Asymp.
a. Based on negative ranks.
b. The sum of negative ranks equals the sum of positive ranks.
c. Wilcoxon Signed Ranks Test

PROf it false positives
Friedman Test
Ranks
PROFIT
PROSKETC
PROEVO
ALL4

Mean Rank
2.54
2.36
2.44
2.66

Test Statistice
40
2.599
3
458
.
a- FriedmanTest

N
Chi-Square
df
Asymp. Sig.

E-Fit - Friedman Test
Ranks
EFIT
ESKETCH
EEVOFIT
EALL4
1

Mean Rank
2.26
2.30
2.66
2.78
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Test Statisticif
N
Chi-Square
df
Asymp. Sig.

40
7.971
3
047
.
a. Friedman Test

Wilcoxon Signed Ranks Test
TestStatistlcd)
EALL4 ESKETCH
z
Asymp. Sig. (2-tailed)

-2.459'
014
.
a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test

EALL4 - EFIT

EEVOFIT ESKETCH

-2.327'
020
.

-1.978'
048
.

E-Fit false positives
Friedman Test
Ranks
EFIT
EFITSKET
EFITEVO
ALL4

Mean Rank
2.69
2.49
2.33
2.50

Test Statistice
N
Chi-Square
df
Asymp.Sig.

40
5.105
3
164
.

a. Friedman Test

Experiment 8: Likenessratings
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EEVOFIT EFIT
-1 .806'071
.

EALL4 EEVOFIT
-.783"
434
.

Descriptive Statistics
N
40
40
40
40
40

PROFIT
PROSKETC
PROEVO
ALL4
Valid N (listwise)

Minimum
00
.
00
.
.00
00
.

Maximum
2.00
2.00
2.00
2.00

Mean
3500
.
2750
.
3250
.
4250
.

Std. Deviation
5335
.
.5541
5723
.
5943
.

Repeated Measures Anova
Tests of Within-Subjects Effects
Uan-mijrp-

MFASURE

1

Type III Sum
of Squares
Source
SphericityAssumed
280.015
TARGET
Greenhouse-Geisser 280.015
Huynh-Feldt
280.015
Lower-bound
280.015
SphericityAssumed
521.818
Error(T RGET)
Greenhouse-Geisser 521.818
521.818
Huynh-Feldt
521.818
Lower-bound
Sphericity
Assumed
37.103
TYPE
Greenhouse-Gelsser
37.103
Huynh-Feldt
37.103
Lower-bound
37.103
SphericityAssumed
71.897
Error(TYPE)
Greenhouse-Geisser
71.897
Huynh-Feldt
71.897
Lower-bound
71.897
Sphericity
Assumed
185.930
TARGET*TYPE
Greenhouse-Geisser 185.930
Huynh-Feldt
185.930
Lower-bound
185.930
Assumed
Sphericity
595.737
Error(TARGET*TYPE
Greenhouse-Geisser 595.737
595.737
Huynh-Feldt
Lower-bound
595.737 ,

T-Test between types of composite
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df
9
5.738
8.503
1.000
171
109.029
161.563
19.000
2
1.673
1.815
1.000
38
31.781
34.490
19.000
18
8.127
14.766
1.000
342
154.420
280.558
19.000

Mean Square
31.113
48.797
32.930
280.015
3.052
4.786
3.230
27.464
18.552
22.182
20.440
37.103
1.892
2.262
2.085
3.784
10.329
22.877
12.592
185.930
1.742
3.858
2.123
31.355

F
10.196
10.196
10.196
10.196

Sig.
.000
.000
.000
.005

9.805
9.805
9.805
9.805

.000
.001
.001
.005

5.930
5.930
5.930
5.930

.000
000
.
000
.
.025

Paired Samples Statistics
Std. Error

Pair
1
Pair
2
Pair
3

Mean
EVOFIT
3.7050
3.7100
MORPH
PROFIT
3.1800
3.7100
MORPH
PROFIT
3.1800
EVOFIT 1 3.7050 1

N
20
20
20
20
20
20

Std. Deviation Mean
1.2373
2767
.
1.3222
2957
.
1.0405
2327
.
1.3222
2957
.
1.0405
2327
.
1.2373 1
2767
1
.
Palred SamplesTest

PairedDifferences
95% Confidence
Intervalof the
Difference
Std. Error
Mean )td.Deviatior Mean
Lower Upper
4817
1077 -.2305
Pair 1 EVOFIT- MOFWOE-03
2205
.
.
.
6174
1381 -.8189 -.2411
Pair 2 PROFIT- MOF -.5300
.
.
EVO
7225
1616
5250
1
Pair 3 PROFIT1 .
1 -.8631 -.1869
-.
.

t
-.046
-3.839
-3.250

df
19
19
19

ýlg. (2-talled'
963
.
001
.
004

Anova on Target 1
Within-Subjects Factors
Measure: MEASURE-1
Dependent
TYPE
Vadable
Tl PR02
1
2
Tl EV02
3
Tl MOR2

Tests of Within-SubjectsEffects
Mpa.-,ijrp- MEASURE 1
Type III Sum
of Squares
SVhericityAssumed
16.033
16.033
Greenhouse-Geisser
16.033
Huynh-Feldt
16.033
Lower-bound
Assumed
62.633
Error(TYPE) Sphericity
62.633
Greenhouse-Geisser
Huynh-Feldt
62.633
62.633 1
Lower-bound
1

Source
TYPE

T-Test for target 1
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df
2
1.915
2.000
1.000
38
36.390
38.000
19.000 1

Mean Square
8.017
8.371
8.017
16,033
1.648
1.721
1.648
3.296

F
4,864
4.864
4,864
4,864

Sio.
013
.
014
.
013
.
040
.

Paired Samples StaUstice

Pair
1
Pair
2
Pair
13

-2
Tl FARO
Tl EV02
Tl PR02
Tl MOR2
Tl EV02
Tl MOR2 1

Mean
4.0500
2.8000
4.0500
3.6000
2.8000
3.6000 1

N
20
20
20
20
20
20

Sid. Deviation
1.8771
1.7045
1.8771
1.9841
1.7045
1.9841
1
1

Std. Error
Mean
4197
.
3811
.
4197
.
.4437
3811
.
4437
.

Paired SamplesTest
PairedDifferences
95%Confidence
Intervalof the
Difference
Std. Error
Mean Std.Deviatlon Mean
Lower
Upper
P-RO2
T1
EVC
1.2500
1.9702
4405
3279
2.1721
Pair 1 T1
.
.
MOF
1.6376
3662
1.2164
Pair 2 T1PR02 - T1
-.3164
.4500
.
1.8238
4078
357E-02
Pair 3 T1EV02 - T1 MOF -.8000
i.
-1.6536
.

I
2.837
1.229

df
19
19
19

-1.962

Sig. (2-talled
oil
234
.
065
.

Anova for target 2
Tests of Within-SubjectsEffects
Measure: MEASURE-1
Type III Sum
Source
of Squares
Assumed
10.533
Sphericity
TYPE
Greenhouse-Geisser
10.533
Huynh-Feldt
10.533
Lower-bound
10.533
Assumed
52-800
Error(TYPE) Sphericity
Greenhouse-Geisser
52.800
52.800
Huynh-Feldt
52.800 1
Lower-bound
1[

df
2
1.954
2.000
1.000
38
37.122
38.000
19-000 1

Mean Square
5.2675.391
5.267
10.533
1.389
1.422
1.389
2.779 1

F
3.790
3.790
3.790
3.790

Sig,
M2
033
.
032
.
066
.

T-Test for target 2
Paired Samples Test
PairedDifferences
95% Confidence
interval of the
Difference
Std. Error
Lower
W.
3
Deviatior
Mean
Upper
Mean
98E-02
7000
1.5594
3487
1.4298
Pair 1 T2PRU'lT--T2EV .
.
.
1.7800
5331
Pair2 T2PROI - T21VIC-.3000
.3980 -1.1331
.
3699
T21VIC
1.6543
2257
T2EV01
Pair3
-1.7743 -.
-1-0000
.

Anova for target 3
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t
2.008
-.754
-2.703

df
19
19
19

Big.(2-talled]
059
.
460
.
014
.

Tests of Within-Subjects Effects
Manaijrp-

MFA. q[JRF

1

Type III Sum
of Squares
94.033
SphericityAssumed
94.033
Greenhouse-Geisser
94.033
Huynh-Feldt
94.033
Lower-bound
48.633
Error(TYPE) SphericityAssumed
48.633
Greenhouse-Geisser
48.633
Huynh-Feldt
48.633
Lower-bound
Source
TYPE

df
2
1.864
2.000
1.000
38
35.424
38.000
19.000

MeanSquare
47.017
50.4315
47.017
94.033
1.280
1.373
1.280
2.560

F
36.737
36.737
36.737
36.737

Sig.
.000
000
.
000
.
.000

T-Test for target 3
PairedSamplesTest

Mean
T3E\
Pair 1 T3PRO-1-2.9500
Pair 2 T3PRO1 - T3M( -.7500
Pair 3 T3EV01 - T3M( 2.2000

Paired Differences
95% Confidence
Interval of the
Difference
Std. Error
Lower
Upper
')td.Deviatior Mean
3733 -3.7313 -2.1687
1.6694
.
1.3717
3067 -1.3920 -. 1080
.
1.7351 1 .3880 1.3880 3.0120
1

t

df

4 t. (2-tailedl
19
1000
19
024
.
19

F

Slo.
533
.
.484
A92
434

-7,903
-2.445
5.670

Anova for target 4
Tests of Within-SubjectsEffects
hilancimp- MFASURE

Source
TYPE

I

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Error(TYPE) Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
933
.
933
.
933
.
933
.
27.733
27.733
27.733
27.733 1
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df
2
1.420
1.501
1.000
38
26.972
28.523
19.000 1

Mean Square
467
.
6S7
.
622
.
933
.
730
.
1.028
972
.
1.460 1

639
.
639
.
639
.
639

Anova for target 5
Tests of Within-Subjects Effects
Measure: MEASURE-1
Source
TYPE

Error(TYPE)

SphericityAssumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
SphericityAssumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
10.033
10.033
10.033
10.033
62.633
62.633
62.633
62.633 1

df
2
1.478
1.573
1.000
38
28.081
29.883
19.000 1

Mean Square
5.017
6.789
6.379
10.033
1.648
2.230
2.096
3.296 1

F
3.044
3.044
3.044
3,044

Sig.
059
.
077
.
074
.
.097

Anova for target 6
Tests of Within-Subjects Effects

Measure:
MEASURE-1
TypeIII Sum
Source
of Squares
Assumed
TYPE
Sphericity
20.033
Greenhouse-Geisser
20.033
Huynh-Feldt
20.033
20.033
Lower-bound
99.300
Error(TYPE) SphericityAssumed
99.300
Greenhouse-Geisser
99.300
Huynh-Feldt
99.300 1
_Lower-bound

df
2
1.933
2.000
1.000
38
36.728
38.000
19.000 1

MeanSquare
10.01710.363
10.017
20.033
2.613 _

F
3.833
3.833
3.833
3.833
_

Sig,
.030
032
030
065
.

2.704
2.613
5.226

T-Test for target 6
Palred Samples Test
Paired Differences
95% Confidence
Interval of the
Diffe ence
Std. Error
Mean )td. Devlatior Mean
Lower
Upper
5567
2.4895
Pair 1 T6PRO2 - T6E
-2.4151 3.49E-02
.
2.1667
4845 -2.2141
Pair2 T6PR02-T6M 't -1.2000
-. 1859
.
2.1879 1 4892 1 -.9740 1.0740
Pair 3 T6EV02 - T6M OOE-021
.
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t
-2.246
-2.477
102
.

df
I. 2-talled,
-19
037
.
19
023
.
19
.920

Anova for target
7
Tests of Within-SubjectsEffects
Measure: MEASURE I
Source
TYPE

Error(TYPE)

Type III Sum
of Squares
SphericityAssumed
11.2
Greenhouse-Gelsser
11.200
Huynh-Feldt
11.200
Lower-bound
11.200
SphericityAssumed
53.467
Greenhouse-Geisser
53.467
Huynh-Feldt
53.467
Lower-bound
53.467 1
1

df
2
1.938
2.000
1.000
38
36.828
38.000
19.000 1

Mean Square
5.600
5.778
5.600
11.200
1.407
1.452
1.407
2.814

F
3.980
3.980
3.980
3.980

Sig.
027
.
028
.
027
.
.061

T-Test for target 7
Paired Samples Test

Pair 1 T7PRO2 - T7E
Pair 2 T7PR02 - T7M
Pair 3 T7EV02 - T7M

Paired Differences
95% Confidence
Interval of the
Diffe nce
Std. Error
Mean )'td.Deviation Mean
Lower
Upper
3403
1.5218
-1.0000
-1.7122
-.2878
.
1.7351
3880 -1.0120
6120
-.2000
.
.
8000
1.7652 1 3947 61 E-02 1.8261
.
.
.

t
-2.939
-.515
2.027

df

Sig.(2-talle
19
.008
19
.612
19 1
057

Anova for target 8
Tests of Within-Subjects Effects
Measure: MEASUREý-l
Source
TYPE

Error(TYPE)

Type III Sum
of Squares
Assumed
Sphericity
29.100
Greenhouse-Geisser
29-100
29.100
Huynh-Feldt
29.100
Lower-bound
54.233
Sphericity Assumed
Greenhouse-Gelsser
54.233
Huynh-Feldt
54.233
54.233 1
Lower-bound
1

298

df
2
1.930
2.000
1.000
38
36.673
38.000
19.000

ean Square
14.550
15.077
14.550
29-100
1.427
1.479
1.427
2.854

F
10,195
10.195
10.195
10.195

Sig.
.000
.005

T-Test for target 8
PairedSamplesTest

Mean
Pair 1 T8PV0-2- T8RV -1.6500
Pair 2 T8PRO2 - T8MC -1.2000
Pair 3 T8RV02 - T8MC .4500

PairedDifferences
95% Confidence
Intervalof the
Difference
Std. Error
Upper
')td. Deviation Mean
Lower
1.8432
4122 -2.5126
-.7874
.
1.6092
3598 -1.9531
-.4469
.
1.6051 1 .3589 1 -.3012 1.2012

df
-4.003
-3.335
1.254

19
19
19

Big.
12
(2 tailed'
tail
WT-12
z-(2
1
-(2-tail
.001
003
.
225
.

Anova for target 9
Tests of WIthin-SubjectsEffects
Measure: MEASURE-1
Source
TYPE

Error(TYPE)

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
7.500
7.500
7.500
7.500
111.167
111.167
111.167
111.167

df
2
1.691
1.838

Mean Square
3.7554.436
4.081

1.000
38
32.122
34.920
19.000

7.500
2.925
3.461

F
1.282
1.282
1.282
1.2112

Sig,
289
.
2a7
.
288
.
272

3.183
5.861

Anova for target 10
Tests of WIthin-Subjects Effects
Measure: MEASURE-1
Source
TYPE

Error(TYPE)

Type III Sum
of Squares
23.633
SphericityAssumed
23.633
Greenhouse-Geisser
23.633
Huynh-Feldt
23.633
Lower-bound
Assumed
95.033
Sphericity
95.033
Greenhouse-Geisser
95.033
Huynh-Feldt
95.033
Lower-bound
1
1

T-Test for target 10
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df
2
1.625
1.756
1.000
38
30.878
33.356
19-000 1

Mean Square
11.817
14.542
13.462
23.633
2.501
3.078
2.849
5.002 1

F
4.725
4.725
4.725
4.725

Sig,
015
.
022
.
.019
043
.

Palrod Samples Test

Mean
Pair 1 T10PRO1- T10EV -1.4000
Pair 2 T1OPRO1- T1OMC -1.2500
Pair 3 TI OEV01- T1OMC 1500
.

Paired Differences
95% Confidence
Intervalof the
DIffe nce
Std. Error
3td. Deviation Mean
Lower
Upper
2.6636
5956
-2.6466 -. 1534
.
1.7130
3830
-2-0517 -.4483
.
2.2308
4988
-,8940 _ 1.1940
.

Experiment 8: Array task
Friedman Test
Ranks

POFIT
EVOFIT
MORPH

MeanRank
1.96
2.01
2.03

Test StatistlcoP

N
Chi-Square
df
Asymp.Sig.

40
146
.
2
930
.

a. Friedman Test

By target
Cochran Test
Test Statistics
N8
Cochran's 0
df
Asymp. Sig.

39,3718
29
095
.
a. 0 Is treated as a success

Experiment 9: Amount of information rccalled

IN)

I
-2.351
-3.263
.301

dl
19
19
19

3ig.(2-talled)
.030
.004
767

Tests of Within-Subjects Effects
Mpanure- MEASURE 1

Source

Type III Sum
of Squares

Assu
Sphericity
2.148
TARGET
Greenhouse-Geisser 2.148
Huynh-Feldt
2.148
Lower-bound
2.148
Assumed
Sphericity
26.070
Error(TARGET)
Greenhouse-Geisser 26.070
Huynh-Feldt
26.070
Lower-bound
26.070
Sphericity
Assumed
207.367
FEATURE
Greenhouse-Geisser 207.367
Huynh-Feldt
207.367
Lower-bound
207.367
Sphericity
Assumed
50.477
Error(FEATURE)
Greenhouse-Geisser 50.477
Huynh-Feldt
50.477
Lower-bound
50.477
Assumed
41.789
TARGET* FEATURE Sphericity
Greenhouse-Geisser 41.789
Huynh-Feldt
41.789
Lower-bound
41.789
Sphericity
Assumed
114.742
Error(TARGET*FEATURE
Greenhouse-Geisser 114.742
Huynh-Feldt
114.742
Lower-bound
114.742

df

3
1.641
3.000
1.000
9
4.922
9.000
3.000
7
2.303
7.000
1.000
21
6.909
21.000
3.000
21
2.249
9.309
1.000
63
6.746
27.926
3.000

MeanSquare
.716
1.309
.716
2.148
2.897
5.296
2.897
8.690
29.624
90-036
29-624
207.367
2.404
7.305
2.404
16-826
1.990
18.584
4.489
41.789
1.821
17.009
4.109
38.247

F
.247
.247
247
.
.247

Sig.
861
.
.750
.861
.653

1
12.325
12.325
12,325
12.325

1.093
1.093
1.093
1.093

000
.
005
.
.000
039
.

1
396
.
400
.
.373

Anova for target 1
Tests of Within-Subjects Effects
Imanciira, MFA.qLJRE 1

Type III Sum
of Squares
Source
Assumed
53.719
Sphericity
FEATURE
53.719
Greenhouse-Geisser
53.719
Huynh-Feldt
53.719
Lower-bound
28.406
Error(FEATURE) SphericityAssumed
28.406
Greenhouse-Geisser
28.406
Huynh-Feldt
28.406 1
Lower-bound
1

T-Test for target 1
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df
7
2.023
6.233
1.000
21
6.068
18.699
3.000 1

MeanSquare
7.614
26.557
8.618
53.719
1.353
4.681
1.519
96469

F
5.673
5.673
5.673
5.673

Sig,
'001
041
002
097
.

Paired Samples Test
Paired Differences

95% onfidence

Interval of the
DIfference
Std. Error
Lower I upper
Mean ')td. Deviatior Mean
t
-V4-64
1.7078
8639
3.9675
Pair 1 T1 SHAPE - T1HAI 1.2500
-1.4675
.
2.0616 1.0308 -.5304 6.0304
2.668
Pair 2 T1 SHAPE - TI BRý 2.75DO
2.6458 1.3229 -1.7100 6.7100
1.890
Pair 3 TI SHAPE - Ti EYE 2.5000
3.1091
1.5546
7.4473
Pair 4 T1SHAPE-T1NO 2.5000
-2.4473
2.4495 1.2247 -.8977 6.8977
2.449
Pair 5 TI SHAPE - T1 MO 3.0000
SHAPE
TI
EAI
4.0000
1.4142
7071
1.7497
6.2503
5.657
Pair 6 T1
.
5774
5813 2.4187
5.196
Pair 7 TI HAIR - T1 BROV 1.5000
.2887
.
.
T1
EYES
1.2500
9574
4787
2735
2.7735
2.611
Pair 8 T1 HAIR -.
.
.
1.7078
8539 -1.4675 3.9675
1.464
Pair 9 T1HAIR-T1NOSE 1.2500
.
TI
MOU
9574
4787
2265
3.2735
3,656
1.7500
Pair 10 T1 HAIR .
.
.
5000 1 .2500 1 1.9544 1 3.5456 1 11.000 1
Pair 11 TI HAIR - T1EARZS 2.7500 1
.

df

I
3
3
3
3
3
3
3
3
3
3
31

ime

2-tailed
.239
076
.155
206
.092
.011
014
.
239
.
035
.

_ý2

Anova for target 2
Tests of Within-Subjects Effects
IkA,
mnQiira- MFA. qLJRE

Source

I

TypeIII Sum
of Squares

SphericityAssumed
FEATURE
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Error(FEATURE) Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
1

29.500
29.500
29.500
29.500
25.250
25.250
25.250
25.250 1
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df
7
2.272
7.000
1.000
21
6.817
21.000
3.000 1

MeanSquare
4.214
12-982
4.214
29.500
- 02
1.2
3.704
1.202
8.417

F
3,505
3.505
1505
3,505

Sig,
.012
087
.
ý012
158
.

T-Test for target 2
PairedSamples Test
Paired Differences
95%Confidence
Intervalof the
Diffe nce
Std. Error
Mean Std.Deviation Mean
Lower
Uooer
-4
2500
2.0616
1.035F -3.0304 3.WO
Pair 1 T2SHAPE- T2HAIR
.
Pair 2 T2SHAPE-T2BRO
1.2500
1.5000
-1.1368 3.6368
.7500
7500 -1.1368
3.6368
Pair 3 T2SHAPE-T2EYES 1.2500
1.5000
.
2.1602
1.0801 -2.4374
4.4374
Pair 4 T2SHAPE-T2NOSE 1.0000
2.2174
1.1087 -1.7783 5.2783
Pair 5 T2SHAPE- T2MOUT1 1.75DO
1.4142
7071
7497
5.2503
Pair 6 T2SHAPE-T2EARS 3.0000
.
.
Pair 7 T2HAIR- T2BROWS 1.0000
2.1W2
1.0801 -2.4374 4.4374
2.1W2
1.0801 -2.4374 4.4374
Pair 8 T2HAIR- T2EYES
1.OODO
7500
1.2583
6292
Pair 9 T2HAIR- T2NOSE
-1.2522 2.7522
.
.
2.3805
1.1W2 -2.2679 5.2879
Pair 10 T2HAIR- T2MOUTH 1.5000
1.8930
Pair 11 T2HAIR-T2EARS 1 2.7500
.9465 1 -.2621 1 5.7621

It
df
Sio. (2-taosdi
-3
AN
.243
1.667
3
194
.
1.667
3
'194
926
3
423
.
.
1.578
3
213
.
4.243
3
024
926
3
.
.423
3
.926
.423
1.192
3
319
1.2W
3
297
.
2.905
31
062

Anova for target 3
Tests of Within-Subjects Effects
MAasurA- MEASURE

1

Type III Sum
of Squares
Source
Sphericity
Assumed
98.219
FEATURE
Greenhouse-Geisser
98.219
Huynh-Feldt
98.219
Lower-bound
98.219
69.656
Error(FEATURE) SphericityAssumed
Greenhouse-Geisser
69.656
Huynh-Feldt
69.656
Lower-bound
69.656 1
1

df
7
1.780
4.197
1.000
21
5.340
12.590
3.000 1

MeanSquare
14.031
55.180
23.404
98.219
-7
3.31
13.044
5.533
23.219l

F
4.230
4.230
4.230
4.230
-

Sig,
005
.
.081
021
.
.132

T-Test for target 3
PairedSamplesTest

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7
Pair 8
Pair 9
Pair 10
Pair 11

Paired Differences
95% Confidence
Intervalof the
Difference
Std. Error
Lower
Upper
Mean td. Deviation Mean
t
df
ft. (2-talle
-- PE T3HAIF 3.2500 -3, 3.9476 1.9738 -3.0315 9.5315
_
-3
T3SRA
1.64r
2.4495 1.2247
T3SHAPE - T313RO 4.0000
3.266
3
.1023 7.8977
.047
4.3493 2.1747 -2.6708 11.1708
T3SHAPE- T3EYE! 4.2500
1.954
3
146
2.1602 1.0801 -2.4374 4.4374
T3HAIR - T3NOSE 1.0000
926
3
423
.
.
3.9476 1.9738 -2.0315 10-5315
T3SHAPE - T3NO,9 4.2500
2.153
3
A20
7500 1.8632 6.6368
1.5000
T3SHAPE - T3MOL 4.2500
5.667
3
.
ý01I
3.6968 1.8484
6175 12.3825
3.517
T3SHAPE- T3EAR 6.5000
3
039
.
.
2.5000 1.2500 -3.2281 4.7281
600
T3HAIR - T3BROW .7500
3
.
.591
5774
8374 2.8374
1.1547
T3HAIR - T3EYES 1.0000
1.732
-.
3
.
.182
2.4495 1.2247 -2.8977 4.8977
T3HAIR - TWOUTI 1.0000
816
3
474
.
.
5000 1 2500 1 2.4544 1 4.0456 1 13.000
T3HAIR - T3EARS 3.2500 1
3
001
.
.
.
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Anova for target 4
Tests of Within-SubjectsEffects
MAasure: MEASURE-1

Type III Sum
of Squares
Sphericity Assumed
67.719
Greenhouse-Gelsser
67.719
Huynh-Feldt
67.719
Lower-bound
67.719
Error(FEATURE) Sphericity Assumed
41.906
Greenhouse-Geisser
41.906
Huynh-Feldt
41.906
Lower-bound
41.906 1
1
Source
FEATURE

df
7
1.514
2.728
1.000
21
4.541
8.183
3.000

Mean Square
9.674
44.741
24.828
67.719
1.996
9.229
5.121
13.969

F
4.848
4,848
4.848
4.848

Sig,
002
.
W9
ý034
.115

T-Test for target 4
PairedSamplesTest

Pair I T4sHAPE - T4HA
Pair 2 T4SHAPE - T4BR
Pair 3 T4SHAPE - T4EY
Pair 4 T4SHAPE - T4NO
Pair 5 T4SHAPE - T4MC
Pair 6 T4SHAPE - T4EA
Pair 7 T4HAIR - T413ROI
Pair 8 T4HAIR - T4EYE.c
Pair 9 T4HAIR - T4NOSJ
Pair 10 T4HAIR- TWOU
Pair 11 T4HAIR - T4EAR

Paired Differences
95% Confidence
Interval of the
Difference
Std. Error
Mean ')td.Deviatior Mean
Lower I umer
0000
2.1602 1.0801 -3.4374 3.4374
.
3.0000
3.7417 1.8708 -2.9538 8.9538
7500
2.2174 1.1087 -2.7783 4.2783
.
2.8868 1.4434 -1.0935 8.0935
3.5000
1.7500
1.2583
6292 -.2522 3.7522
.
3.0000
2.1602 1.0801 -.4374 e.4374
3.0000
2.0000 1.0000 -.1824 6.1824
7500
1.5000
7500 -1.6368 3.1368
.
.
3.5000
1.ODOO 5000 1.9088 5.0912
.
1.7500
1.5000
7500 -.6368 4,1368
.
3.0000 1
1.4142 1 7071 1 7497 L522503 1
.
.
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I
.000
1.604
676
.
2,425
2.782
2,777
3.000
1.000
7.000
2.333
4.243 1

df

Bla.(2-tallod
3
1.000
3
207
3
547
3
094
3
069
.
3
069
.
3
058
.
3
391
3
006
3
102
q-L024
.

T-Test for target 4- (eyes and mouth)
Paired Samples Test
Paired Difference s

Std. Deviation
Mean
1.2583
T4SHAPE - T41VIOUT 1.7500
Pair 1
T4MOUTH
1.7500
1.5000
T4HAIR Pair 2
5000
1.2910
TlNOSE-TlMOUTH
Pair 3
.
TI
EYES
9574
Pair 4
TI 13ROWS-.2500
.
NOSE
1.1547
Pair 5
Ti EYES - Tl
.0000
5774
Tl EYES - Tl MOUTH
Pair 6
.5000
.
Tl
EARS
1.5000
1.2910
Ti EYES Pair 7
1.2500
9574
TI HAIR - Tl EYES
Pair 8
.
Tl
EYES
2.5000
2.6458
Tl SHAPE Pair 9
2500
1.2583
Pair 10 Tl BROWS - Tl MOUj 1
.
EARS
Tl
1.0000
1.1547
Pair 11 Tl MOUTH -

Std. Error
Mean
6292
.
.7500
6455
.
4787
.
5774
.
2887
.
6455
.
.4787
1.3229
6292
.
1
5774
.

95% Confidence
Interval of the
Difference
Lower
3.7522
-.2522
6388
4.1368
-.
2.5543
-1.5543
1.2735
1.8374
1.4187
3.5543
2.7735
6.7100
-1.7100
2.2522
-1.7522
-.8374 1 2.8374
-1.7735
-1.8374
-.4187
-.5543
-.2735

I
2.782
2,333
775
.
-.522
000
.
1.732
2.324
2.611
1.890
.397
1132

df

"I
3
3
3
3
3
3
3
3
3
3
3

. (2-tallod)
069
102
495
638
1
ý000
162
103
060
1Mr,
? 1111
16.7

Likeness ratings
Testsof Within-SubjectsEffects
hAeancitrev UFASURE

1

TypeIII Sum
of Squares
Source
---gphedcity
Assumed
45.977
TARGET
Greenhouse-Geisser
45.977
45.977
Huynh-Feldt
45.977
Lower-bound
36.382
Error(TARGET) SphericityAssumed
Greenhouse-Geisser
36.382
36.382
Huynh-Feldt
36.382
Lower-bound
1
1

Graph
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df
3
2.235
2.547
1.000 1
57
42.472
48.402
19.000

MeanSquare
15.326
20.568
18,048
45.977
638
.
857
.
.752
1.915 1

F
24.011
24.011
24.011
24.011
- --

Sig.
000
.
000
.
000
000

5.5

5.0

4.5

4.0

3.5

3.0
Me

an

2.5

T-Tests on likeness ratings
PairedSamplesTest
Paired Differences
95% Confidence
Intervalof the
Difference
Std.Error
Lower
Mean 3td. Deviation Mean
Upper
1810 1.1712 1.9288
8095
--Raiir
ý1TARGET1 - TARGI 1.5500
.
.
1.2352
Pair 2 TARGET1- TARG[ SOE-02
.2762 -.6031
.6531
8424
Pair 3 TARGET1- TARG -.4375
.1884 -.8318 4.32E-02
.
3240 -2.2531 -.8969
1.4489
Pair 4 TARGET2- TARG -1.5750
.
TARG
1.0339
Pair5 TARGET2-1.9875
.2312 -2.4714 -1.5038
1.2651
2829 -1.0046
1796
Pair6 TARGET3- TARG -.4125
, .
,
, .
,
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I
8.563
-.091
-2.322
-4.881
-8.597
. 1,458

df
19
19
19
19
19
19

§SVIA-2-tailed)
.000
929
.
031
.
000
.
Ael

Correlations
Correlations
negative
negative descriptors

positive descriptors

total recalled

mean ratings

Pearson Correlat
Sig. (2-talled)
N
PearsonCorrelation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-talled)
N

-descriptors
1.000
16
.123
649
.
16
586*
.
017
.
16
234
.
384
.
16

Correlation is significant at the 0.05 level (2-tailed).
Correlation is significant at the 0.01 level (2-talled).
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positive
descri tors
. 123
649
.
16
1.000

total recalled
586,
.
017
.
16
876"
.
000
.
16
16
876*'
1.000
.
000
.
16
16
278
.202
.
454
297
.
.
16
16

mean ratIM!
234
.
384
.
16
202
.
454
.
16
178
297
.
16
1.000
16

By target
Correlations
RECALFl RATE2RECALr2RATEbRECAL r3RATE4RECALr4RATE
Tl REC/ Pgarson Corr, 1.000 -.149 1.000* -.149
-.908 -.871
-.283 -.608
Sig. (2-tailed)
851
000
851
092
129
392
.
.
.
.
.
.717
.
N
4 14
4
4
4
4
4
4
Corr
Tl RATE Pearson
196
433
904 -. 138
-. 149 1.000 -. 149 1.000*
.
.
.
Sig. (2-tailed)
000
851
851
804
567
096
862
.
.
.
.
.
.
.
N
4
4
4
4
4
4
4
4
Corr
Pearson
149
T2REC/
1.000 -.149
1.000* -.
-.908 -.871
-.283 -.608
Sig. (2-tailed)
092
.000
.851
.851
.
.129
.717
.392
N
4
4
4
4
4
4
41
14
T2RATE Pearson Corr, -. 149 1.000* -. 149 1.000
196
433
904 -. 138
.
.
.
Sig. (2-tailed)
851
000
804
567
096
.
.
. 851
.
.
.
.862
l
N
41
4
4
4
4
4
4
4
196 -.908
196 1.000
T3RECý Pearson Corr -.908
653
477
852
.
.
.
.
.
Sig. (2-tailed)
092
804
092
804
523
.
.
.
.
1 .347
.
.148
N
4
4
4
41
4
4
4
4
433
T3RATE Pearson Corr -.871
433
653 1.000
361
169
-.871
.
.
.
.
.
Sig. (2-tailed)
129
567
129
567
347
831
.
.
.
.
.
.639
.
N
4
4
41
4
4
4
4
4
1
904
904
477
T4REC/ Pearson Corr -.283
361 1,000
274
-.283
.
.
.
.
.
Sig. (2-tailed)
717
096
717
096
523
639
.
.
.
.
.
.
.726
N
4
4
4
41
4
4
4
_______4
_
Corr
T4RATE Pearson
274 1,000
-.608 -. 138 -.608 -. 138
.852
.169
.
Sig. (2-tailed)
392
862
392
862
726
.
.
.
.
. 148 . 831
.
N1
41
4,
4
4
41
41
41
41
__
m
"Correlation is significant at the 0.01 level (2-tailed).
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Experiment 10: Amount of description
DescriptiveStatistics
N
amount of info recalled
% correct matches
mean ratings
Valid N (listwise)

16
16
16
16 1

Minimum
22.00
25.00
2.30

Maximum
42.00
100.00
6.15
1

Mean
33.2500
62.7500
4,4812
1

Std. Deviation
6.1482
22.3622
1,0855
1

1

RepeatedMeasuresAnova
Tests of Within-Subjecte Effects
hAo.QQiirA- MFASURE

1

Type III Sum
of Square&
SphericityAssumed
10.188
Greenhouse-Gelsser
10.188
Huynh-Feldt
10.188
Lower-bound
10,188
Assumed
Sphericity
65.260
Error(TARGET)
Greenhouse-Geleser
65.250
Huynh-Feldt
55.250
Lower-bound
55.250
SphericityAssumed
407,500
FEATURE
Greenhouse-Gelsser
407,500
Huynh-Feldt
407.500
Lower-bound
407.500
Sphericity
Assumed
56.438
Errar_(FEATURE)
Greenhouse-Geleser
66.438
Huynh-Feldt
56.438
Lower-bound
56.438
SphericityAssumed
47.312
TARGET*FEATURE
Greenhouse-Goisser
47.312
Huynh-Feldt
47.312
Lower-bound
47.312
SphericityAssumed
130.750
Error(TARGET*FEATURE
Greenhouse-Gelsser
130.750
130.750
Huynh-Feldt
Lower-bound
130.750
Source
IA GET
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dl

Mean Square,
3
3,396
1.707
5.969
3.000
3,396
1.000
10.188
9
6.139
6,121
10,790
91000
6.139
3.000
18417
7
58,214
1.288
315,374
1.841
221.319
1.000
407.500
2M8
21
3.864
14.606
5.524
10-217
3.000
18.813
21
2,263
2,617
M080
21.000
2.253
1,000 1
47-312
63
2075
7.861
16655
63,000
2075
3,000
43.583 1

F
ý553
.553
553
563

Sig
659
680
659
511

21,661
21661
21.661
2 1,661

000
000
003
019

1086
1 086
1,086
1086

3843
401
366
314

For target I
Tests of Within-Subjects Effects
Measure: MEASURE 1
Source

FEATURE

- - 3SpherJci7 -As- s- u-rn
e

Greenhouse-Geisser
Huynh-Feldt
Error(FEATURE)

Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
92.969
92.969
92.969
92.969
35-156
35.156
35.156
35.156

df
7
1.969
5.699
1.000
21
5.907
17.098
3.000

Mean Square
13.281 ' ----7
47.216
16.312
92.969

F
ý933
7.933
7.933
7.933

1.674
5.952
2.056
11.719

Sig.
000
.
021
.
000
.
067
.

Paired Samples Test

PairedDifferences
95%Confidence
Intervalof the
Difference
Std.Error
Mean Rd.Deviator Mean Lower Upper
1.7500
2.0616 1.0308 -1.5304 I 5.0304
3.2500
2.2174 1.1087 -.2783 6.7783
3.DOOO 2.5820 1.2910 -1.1085 7.1085
2.7500
2.6300 1.3150 -1.4348 6.9348
1.2910 6455 1.4457 5.5543
3.5000
.
5.5000
1.2910 .6455 3.4457 7.5543

TI SHAPE- Ti HAI
T1SHAPE-T1BR
T1SHAPE- TI EY
T1SHAPE- T1NO
T1SHAPE- T1MO
TI SHAPE- T1EAF
recallby target-5.5000
T1SHAPE
Pair 8 T1HAIR-T1BROV 1.5000
Pair 9 T1HAIR- Ti EYES 1.2500
Pair 10 Tj HAIR- T1NOSE 1.0000
Pair 11 Ti HAIR- TI MOUI 1.7500
Pair 12 T1HAIR- Ti EARS 3.7500 1
Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7

2.3805 1.1902 -9.2879 -1.7121
5774
2887
5813 2.4187
.
.
.
2.2174 1.1087 -2.2783 4.7783
1.6330 .8165 -1.5985 3.5985
9574
4787
2265 3.2735
.
.
.
9574 1 4787 1 2.22651 5.2735 1
.
.

310

t1.698
2.931
2.324
2.091
5.422
8.521
-4.621
5.196
1.127
1.225
3.656
7.833

df
I (2-talled
-3
.188
3
061
.
3
.103
3
.128
3
.012
3
.003
3
019
.
3
014
.
3
342
.
3
.308
3
035
3
004

For Target 2
Tests of Within-SubjectsEffects
1

MFASURE

manciinq-

Type III Sum
of Squares
SphericityAssumed
102.500
Greenhouse-Geisser
102.500
Huynh-Feldt
102.500
Lower-bound
102.500
39.250
Error(FEATURE) Sphericity Assumed
Greenhouse-Geisser
39.250
Huynh-Feldt
39.250
Lower-bound
39.250 1
1
Source
FEATURE

df
7
1.847
4.669
1.000
21
5.540
14.008
3.000 1

Mean Square
14.643
55.510
21.952
102.500
1.869
7.085
2.802
13.083 1

F
7.834
7.834
7.834
7.834

Sig.
000
.
025
.
001
.
068
.

1

Paired SamplesTest

Mean
T2SHAI
-4.0000
Pair 2 T2SHAPE - T2W -.7500
Pair 3 T2SHAPE - T2BF .5000
Pair 4 T2SHAPE - T2EN 1.0000
Pair 5 T2SHAPE - T2N( 3.0000
Pair 6 T2SHAPE - T2M( 1.7500
Pair 7 T2SHAPE - T2EA 4.5000
Pair 8 T2GEN - T2HAIR -4.7500
J 1.2500
Pair 9 T2HAIR - T213RO
Pair IC T2HAIR - T2EYE 1.7500
Pair 11 T2HAIR - T2NO' 3.7500
T2HAIR - T2MOI 2.5000
Pair 1.11
P"air 11'T2HAIR - T2EA R 5.2500

-P7aiir
ýiT2GBN

Paired Differences
95% Confidence
Interval of the
Difference
Std. Error
Lower Upper
t
;td. Deviatioi Mean
1.8257
9129 -6.9052 -1.0948 -4.382
.
9574
4787 -2.2735
7735 -1.567
.
.
.
1.0000
5000
2.0912
1.000
-1.0912
.
1.6330
8165 -1.5985 3.5985
1.225
.
8165
4082 1.7008 4.2992
7.348
.
.
2.6300 1.3150 -2.4348 5.9348
1,331
1.2910
6455 2.4457 6.5643
6.971
.
.9574
.4787 -6.2735 -3.2265 -9.922
1.5000
7500 -1.1368 3.6368
1.667
.
1.5000
7500 -.6368 4.1368
2.333
.
9574
4787 2.2265 5.2735
7.833
.
.
3.1091 1.5546 -2.4473 7.4473
1.608
1
4.4544
1
6.0456
1
5000 1 2500
21.0001
.
.

df
3
3
3
3
3
3
3
3
3
3
3
3
31

ýig. (2-tailed
022
.
215
.
391
.
308
.
005
.
275
.
006
.
.002
194
.
102
.
004
.
206
.

For target
Tests of Within-Subjects Effects
IkAancjira-

MFASURE

Source
FEATURE

Error(FEATU

)

1

Type III Sum
of Squares
86.375
Sphericity Assumed
Greenhouse-Geisser
86.375
86.375
Huynh-Feldt
86.375
Lower-bound
Assumed
57.375
Spheric
Sphericity
57.375
Greenhouse-Geisser
57.375
Huynh-Feldt
57.375
Lower-bound
1
1
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df
7
2.015
6.150
1.000
21
6.044
18.449
3.000

Mean Square
12.339
42.871
14.045
86.375
2.732
9.492
3.110
19-125

F
4.516
4.516
4.516
4.516

Sig,
003
.
063
.
005
.
124
.

Paired SamplesTest
Paired Differences
95% Confidence
Intervalof the
Difference
Std. Error
Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7
Pair 8
Pair 9
Pair 10
Pair 11
Pair 12
Pair 13

Mean 3td. Deviation Mean
Lower
3.2016
1.6008
T3GEN - T3SHAP
-3.7500
-8.8444
0000
1.4142
7071 -2.2503
T3SHAPE - T3HAIF
.
.
9574
4787
T3SHAPE - T313RC .7500
-. 7735
.
.
1.4142
7071 -2.2503
T3SHAPE - T3EYE
0000
.
.
5813
5774
2887
T3SHAPE - T3NOS 1.5000
.
.
.
1.0000
2.7080
1.3540 -3.3091
T3SHAPE - TWOL
5774
2887
3.5813
T3SHAPE - T3EAR 4.5000
.
.
1.8930
9465 -6.7621
T3GEN - T3HAIR
-3.7500
.
2.3629
1.1815 -3.0099
TVAIR - T3BROW
7500
.
0000
2.1602
1.0801 -3.4374
T3HA1R-T3EYES
.
1.5000
1.0000
5000 D.I 2E-02
TVAIR - T3NOSE
.
1.0000
2.4495
1.2247 -2.8977
T3HAIR - TWOUTI
1.2910
6455
2.4457
T3HA1R- TKARS , 4.5000
,
.
,

Ug)Der
1.3444
2.2503
2.2735

I

2.2503

000
.
5.196

2.4187
5.3091
5.4187

739
.
15.588

-. 7379
4.5099
3.4374
3.0912
4.8977
6.5543

dl

-2.343
000
.
1.567

,

5ig (2-lailed
.
_
101
.
1,000
215
.
3
1.000
3
3
514
33
3

3
3
3

-3.962
635
.
000
.
3.000

3
3

818
.
6.971

3
3

001
.
029
.
571
.
1.000
058
.
AN
006
.

For target 4
Tests of Within-Subjects Effects

up,q.czijrp-MEASURE 1
Type III Sum
of Squares
Source
Sphericity
Assumed
172.969
FEATURE
Greenhouse-Geisser 172.969
172.969
Huynh-Feldt
Lower-bound
172.969
Sphericity
Assumed
55.406
Error(FEATURE)
55.406
Greenhouse-Geisser
55.406
Huynh-Feldt
55.406
Lower-bound

312

Mean Square
7
24.710
2.378
72.746
7.000
24.710
1.000 1
172.969
21
2.638
7.133
7.767
21.000
2.638
3.000
18-469
df

F
9.365
9.365
9.365
9,365

Sig,
000
.
009
.
000
.
055
-

Paired SamplesTest

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7
Pair 8
Pair 9
Pair 10
Pair 11
Pair 12
Pair 13

PairedDifferences
95%Confidence
Intervalof the
Diffe nc
Std. Error
Mean 3td.Deviation Mean
Lower Upper
] -6.7500
2.2174 1.1087 -10.2783 -3.2211- ý
T4GEN T4SHAP
T4SHAPE- T4HAI 2.5000
1.0000
.5000
.9088 4.0912
USHAPE - T4BR 2.75DO
2.6300 1.3150 -1.4348 6.9348
USHAPE - T4EYE 3.2500
1.7078
8539
.
.5325 5.9675
2.1602 1.0801 1.5626 8.4374
T4SHAPE- T4NO 5.0000
T4SHAPE- T4MOL 5.5000
1.2910
.6455 3.4457 7.5543
T4SHAPE-T4EAR 7.5000
1.7321
.8660 4.7439 10.2561
UGEN - T4HAIR -4.2500
1.5000
.7500 -6.6368 -1.8632
T4HAIR- T4BROW 2500
3.0957 1.5478 -4.6759 5.1769
.
T4HAIR- T4EYES .7500
1.8930
.9465 -2.2621 3.7621
T4HAIR- UNOSE 2.5000
1.2910
4457 4.5543
.6455
.
TWOUT
UHAIR 3.0000
1.8257
9129 484E-02 5.9052
.
.
T4HAIR- T4EARS 5.0000
1.4142
7071 2.7497 7.2503
.
, .
,
,
,

t
-6088
5.000
2.091
3.806
4.629
8.521
8.660
-5.687
.162
.792
3.873
3.286
7,071

df
3
3
3
3
3
3
3
3
3
3
3
3
31

(2-talled'
.015
.128
.032
019
.
003
.
.003
.862
486
.030
046
.
ý006

Accuracyof description

Friedman test
Ranks

WE--Tl
TAR,
TARGET2
TARGET3
TARGET4

MeanRank
2.00
3.38
1.88
2.75 j

Test Statisticd3

N8
Chi-Square
7.944
df
3
047
Asymp. Sig. 1
.
a. Friedman Test

Wilcoxon signed ranks test
Test Statisticif
TARGET3 - TARGET4 - TARGET3- TARGET4- TARGET4.
TARGETI
TARGET1
TARGET2
TARGET3
'
'
--TARGET2
991t)
z
-.
-1.406a
13425'
-1.930'
-2.2325
-1807
054
322
160
026
Asymp. Sig. (2-tailed)
180
072
.
.
.
.
.
.
a. Based on negative ranks.
b. Based on positive ranks.
c- Wilcoxon Signed Ranks Test
TARGET2 TARGET1
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Composite likenessratings

Descriptive Statistics
1

N

Fe-anratings
Valid N (listwise)

Maximum I Mean
Std. Deviation
5.15 1 4.4812_1
1.0855

16 _Minimum
2.30
1

,
Descriptive Statistics
N
T! COMP
T2COMP
T3COMP
T4COMP
Valid N (listwise)

20
20
20
20
20 1

Maximum
8.50
7.00
8.00
7.50

Minimum
3.00
2.00
1.00
1.75
1

Mean
5.0375
4.5000
3.6125
4.7750
1

Std. Deviation
1.4079
1.4600
1.7631
1.3473
1---1

Anova
Tests of Within-SubjectsEffects
mpaqtjra- MEASURE-1

Type III Sum
of Squares
Source
SphericR7
Assumed
23.01g
TARGET
Greenhouse-Gelsser
23.016
23.016
Huynh-Feldt
23.016
Lower-bound
27.359
Error(TARGET) SphericityAssumed
27.359
Greenhouse-Gelsser
27.359
Huynh-Feldt
27.359 1
Lower-bound
1

314

MeanSquare
3
7.672
2.259
10.190
2.579
8.925
1.000
23.016
57
480
.
42.914
638
.
48.998
558
.
19.000 1
1.440 1
df

F
15-983
15,983
15,983
15.983

Sig,
.000
000
.
.000

1

T-Tests
PairedSamplesStatistics

Pair
1
Pair
2
Pair
3
Pair
4
Pair
5
Pair
6

P
Tl
T2COMP
TlCOMP
T3COMP
TlCOMP
T4COMP
T2COMP
T3COMP
T2COMP
T4COMP
T3COMP
T4COMP

Mean
5.0375
4.5000
5.0375
3.6125
5.0375
4.7750
4.5000
3.6125
4.5000
4.7750
3.6125
4.7750 1

N
20
20
20
20
20
20
20
20
20
20
20
20

Std. Deviation
1.4079
1.4600
1.4079
1.7631
1.4079
1.3473
1.4600
1.7631
1.4600
1.3473
1.7631
1.3473 1
1

Std. Error
Mean
31Z.
3265
.
3148
.
3942
.
3148
.
3013
.
3265
.
3942
.
3265
.
.3013
3942
.
3013
.

Paired SamplesTest
PairedDifferences
95%Confidence
Intervalof the
Difference
Std. Error
Mean itd. Deviatior Mean Lower Upper
1.1188
2502 387E-02 1.0611
Pair 1 T1COMP- T2CC .5375
.
8777
1963 1.0142 1.8358
Pair 2 TI COMP- T3CC 1.4250
.
.
T4CC
2625
7715
1725
3.86E-02 6236
Pair 3 T1COMP.
.
.
.
3238 1.4512
8875
1.2044 .2693
Pair 4 T2COMP- T3C
.
.
7691
1720 -.6349 493E-02
Pair 5 T2COMP- T4C -.2750
.
.
T4C
1.0490
T3COMP
1
Pair6
-1.1625
-1.6535 1 -.6715 1
.2

t2.148
7.261
1.522
3,296

df

-1-599
-4,9561

Correlations
Cormlations
%correct
amountof
Inforecalled matches meanratings
7recalled PearsonCorrelation
1.000
-.349
amountof inl-o
-.123
Sig.(2-talled)
186
.
.651
16
16
N
16
Correlation
Pearson
349
1.000
%correctmatches
314
-.
.
Sig.(2-tailed)
.186
.237
16
N
16
16
Correlation
Pearson
123
314
1.000
-.
meanratings
.
651
Sig.(2-tailed)
.
.237
N1
16
16
16

315

19
19
19
19
19
19 1

2-taofad,
N45
.
.000
145
.
004
.
126
.

Correlations
4RECAIýACCL
JRATIN
*AC
RECABACCLRATIý!RECAI!ACCL!RAT11
-RECA CL ATIN
.
Tl RECPearso
1.000 -.686 . 176 -.083 -.330 .962' -.599 -.462 527 944 -.528
.
.
-.455
Sig. (2-taile
314 824 917 670 038 401 538 473 056 472 545
. .
.
.
.
.
.
.
.
.
.
.
N
4
4
4
4
4
4
4
4
4
4
4
4
Ti ACCPearsonQ -.686 1.000 .363 .487 .913 -.694 .9831 " 192 -.559 -.844 198 279
-.
.
Sig. (2-taile 314
637 513 087 306 017 808 441
156
802
721
.
. .
.
.
.
.
.
.
.
.
.
N
4
4
4
4
4
4
4
4
4
4
4
4
Tl RAI PearsonQ 176 363 1.000 -.206 .569 .333 .529 -.942 -.672 124 -.838 -,884
.
.
.
794 431 667 471 058 328 876 162 116
Sig. (2-taile 824 .637
. .
.
.
.
.
.
.
.
.
4
4 14
4 14
4 14
N
4 14
4
4
4
T2RECPearsonC( -.083 .487 -.206 1.000 .585 -,322 .390 .062 443 -.389 569_ -.151
.
.
Sig. (2-taile 917 513 794
415 678 610 938 557 611 431 849
.
.
.
. .
.
.
.
.
.
.
.
N
4
4
4
4
4
4
4
4
4
4
4
4
0
330
913
569
585
1.000
361
939
509
Pearson
T2ACC
-.
-.
-.
-.430 -.566 -.039 -,618
.
.
.
.
639
061
491
570 434 961 382
Sig. (2-taile 670 087 .431 .415
. .
.
.
.
.
.
.
.
.
14
14
14
1
4
4
4
N
4
4 14
4
4
_4
-0
694
333
322
361
1.000
571
558
962 -.
304 97i' -71-7 -.498
T2RAI Pearson
-.
-.
-.
-.
.
.
.
.
429 442 696 028 283 502
Sig. (2-taile 038 306 667 678 639
. .
.
.
.
.
.
.
.
.
.
.
4
4
4
4
4
4
4
4
N
4
4
4
4
T3RECPearson0 -.599 .983" .529 .390 .939 -.571 1.000 -.357 -.653 -.748 .013 -.422
Sig. (2-taile .401 .017 .471 .610 .061 .429
. .643 .347 .252 .987 .578
41
4
41
4
N
41
4
41
4_
41
4
4
4
0
942
062
509
558
357
1.000
462
192
385
Pearson
T3ACC
-.
-.
-.
-.
-.350 .847 .977'
-.
-.
.
.
Sig. (2-taile 538 808 058 938 .491 .442 .643
615 650 153 023
.
.
.
.
. .
.
.
.
4
4
4
N
4
4
4
4
4
4
4
4
4
T3RAI PearsonC( .527 -.559 -.672 .443 -.430 .304 -.653 .385 1.000 419 442 272'
.
.
.
Sig. (2-tailE .473 .441 .328 .557 .570 .696 .347 .615
581 558 728
.
.
.
41
4
41
4
41
4
41
4_
N
4
4
4
4
T4RECPearsonG .944 -.844 .124 -.389 -.566 .972* -.748 -.350 .419 1 000' - 5-92 -.279
.
Sig. (2-taile 056 156 .876 .611 .434 .028 .252 .650 .581
.
.
. .408 .721
4
4
4
4
4
4
41
4
4
N
4
4
4
039
717
013
847
442
C
528
198
838
569
592
1.000
T4ACCPearson -.
720
-.
-.
-.
-.
.
.
.
.
.
.
Sig. (2-tailc .472 .802 .162 .431 .961 .283 .987 .153 .558 408
280
.
. .
4
4
41
4
41
4
41
4
N
4
4
4
4
1
498
977*
272 -.279 720 1.000
T4RAI PearsonG -.455 -.279 -.884 -.151 -.618 -.
-.422 .
.
.
3821
023
721
116
849
502
578
728
Sig. (2-taile 545
721
280
.
.
.
*
.
.
.
.
.
.
.
4
4
4
4
4
4
4
41
41
4
N
4 L_ 4
*Correlationis significantat the 0.05 level (2-tailed).
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Experiment 11: Combined presentations
DescriptiveStatistics
N
COMP
DESCR
CDS
CDT
Valid N (listwise)

128
128
128
128
128 1

Minimum
.00
.00
.00
.00

Maximum
1.00
1.00
1.00
1.00
1

1

Mean
3906
.
4922
.
.5391
5469
.

1

Std. Deviation
4898.
5019
.
.5004
4998
.

1

Cochran Test
Frequencies

Value
0

1
50
63
69
70

78
65
59
58

Comp
DESCR
CDS
CDT

Test StatistICS
128
7.938a
3
047_
.

N
Cochran's0
df
Asymp. Sig.

a. 1 is treatedas a success.

McNemar Tests
Tegt Stati&tlCgb

CDS & CDT
128
N
000
Chi-Square8
.
1.000 1
Asymp. Sig. 1
a. Continuity Corrected

DESCR &
CDT
128
810
.
435
.

COMP &
DESCR &
COMP & CDT
DESCR
CDS
COMP & CDS
128
128
128
128'
5.014
2.288
379
5.143
.
025 1
131 1
538 1
.
.
.
.023 1

b. McNemar Test

By target
Cochran Test
Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
58.636a
15
000
.

a. 1 is treatedas a success.

317

For target 1- Cochran Test
Test Statistics
N
Cochran's0
df
Asymp. Sig.

32
7.165a
3
067
.

a. 1 is treated as a success
Test Statisticab
TlC&TlD

TlC&TlCDS
TlC&TlDCT
TlD&TlCDS
TID&TIDCT
N
32
32
32
32
32
Exact Sig. (2-talled)
424a
057a
022a
454a
332a
.
.
.
.
.
a. Binomial distribution used.
b. McNemarTest

TlCDS &
TlDCT
32
1.0004

For target 2
Cochran Test
Test Statistics
N
Cochran's
df
Asymp.Sig.

32
5.8721
3
118
.

a. I is treated as a success

McNemar Test
Test Statisticop
T2C & T2D T2C & T2CDS T2C & T2CDT T2D & T2CDS T2D & T2CDT
N
32
32
32
32
32
Sig.
(2-tailed)
Exact
454a
022a
092a
383a
5491
.
.
.
.
.
a. Binomial distribution used.
b. McNemarTest

For target 3
Cochran Test
Test Statistics
N
Cochran's 0
df
Asymp. Sig.

32
7.737a
3
052
.

a. 0 is treatedas a success.
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T2CDS &
T2CDT
32
.824'

McNemar Test
Test Statlstlcsb
T3C & T3D T3C & T3CDS T3C & T3CDT
N
32
32
32
Exact Sig. (2-tailed)
0228
021a
.
.180a
.
distribution
a. Binomial
used.
b. McNemar Test

T3CDS &
T3CDT
T3D & T3CDT T3D & T3CDS
32
32 ,
32
607a
1.00(r
a
481
.
.

For target 4
Cochran Test
Test Statistics
N
Cochran's0
df
Asymp. Sig.

32
1.277a
3
.735

a. 0 is treated as a success

Experiment 12
DescriptiveStatistics
N
40
40

composite
description
witness composite and
description combined
perfect description
combined perfect
description and witness
composite
Valid N (listwise)

40
40
40

Minimum
00
.
00
.
00
.
00
.

Maximum
2.00
2.00

Mean
7250
.
1.0500

2.00

1.2000

2.00

1.1500

00
.

2.00

1.1750

40

Friedman test
Ranks

composite
description

Mean Rank
2.46
2.99

witness composite and
description combined
perfect description

3 21
.
3.14

combined perfect
descriptionand witness
composite

3.20

319

Std. Deviation
8469
.
7143
.
.7232
.
.

8022
5943

Test StatisticaP
N
Chi-Square
df
Asymp. Sig.

40
8.387
4
078
.
a. FriedmanTest

Wilcoxontests
Test Statlafts
combined
perfect
Jescriptior
perfect nd witnespombined
witness
combined witness
combinedescriptionomposile perfect
perfect omposite
perfect witness witness escriptior
omposite
lescriptiot ompos e ,.ompositend witnes
escriptior and
and
escriptior perfect nd witnesilescriptior perfect nd witnesi and
and omposite
ascription:ombined escriptionomposite :ombined escriptionomposite lescriptioriescriptior perfect
site lescriptiorPescriptlorlescriptiorcombinedcombinedlescript or
,omposi
]
1
l
z
!
-1.669 -2.5263 -2.646a -2.921a -.868al -.632a -.9395 -.3341 -,114b -.1561
1
528
348
738
909 1
876_
095
012 1
008
Asymp. Sig. (2
.003
.385
.
.
.
.
.
.
.
.
a-Basedon negative ranks.
b-Basedon positive ranks.
C-WilcoxonSigned Ranks Test

For target 1
Cochran Test
Frequencies

Value
71-cT1D
TICID
T1P
T1CPD

0
5
3
4
2
2

3
5
4
6
6

Test Statistics
N8
Cochran's Q
df
Asymp. Sig.

4.533a
4
339
.
a. 1 is treated as a success.
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co
TlC

TlU

TlGD

TlP

TICPD

For target 2
Frequencies

Value
0
T2C
T2D
T2CD
T2P
T2CPD

1
3
4
4
4
2

5
4
4
4
6

Test Statistics
81
1.455a
4
835
.

N
Cochran's 0
df
Asymp. Sig.

a. 0 is treatedas a success

For target 3
Cochran Test
Frequencies

Value
0
T3C
T313
T3CD
T3P
T3CPD

1
8
1
1
3
5

0
7
7
5
3
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Test Statistics
N8
Cochran's Q
df
Asymp. Sig.

16.762a
4
.002

a. 0 is treated as a success.

.2

cCo
T3C

T30

T3CD

TV

T3CPO

McNemar Test
Test Statlstfbs

1

T3CD&
313C& T3C 3C & T313C
& T3CP3D& T3CI3D & T313D
& T3CP3CD& T3 T3CPD3P& T3CP
8
8
88
8
88
8
8
8
016a
016"
063a
250a 1.000a 625'
1258
500'
125'
.
.
.
.
.
.
.
.
.625'

N
ExactSig.(2-

a-Binomialdistributionused.
b-McNemarTest

For target 4
Frequencies

Value
0
T4C
T413
T4CD
T4P
T4CPD

4
5
6
1
2

4
3
2
7
6
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Test Statistics
N
Cochran's0
df
Asymp. Sig.

8
B.190a
4
085
.
a. 1 is treated as a success
Test Statisticsb

- I T4CD & UP
T4D & T4CD I T4C & T4CD I TV & T4CP-DN
881
8
8 18
Exact Sig. (2-tailed)
1.000
50011
1.000a
063a
.
.
distribution
a. Binomial
used.
b. McNemar Test

Target 5
Cochran Test
Frequencies

Value
0
T5C
TO
T5CD
T5P
T5CPD

6
6
5
4
2

2
2
3
4
6

Test Statistics
N8
Cochran's0
df
Asymp. Sig.

4.870a
4
301
.
a. 1 is treated as a success.

15U
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T5D

T5CD

T5P

T5CPD

For target 6
Cochran Test
Frequencies

Value
0
T6C
TO
T6CD
T6P
T6CPD

4
3
1
7
7

4
5
7
1
1

Test Statistics
N8
Cochran's0
df
Asymp. Sig.

11.826a
4
019
.

a. 0 is treatedas a success.

.8

.6

.4

.2

a
cu
T6C

T6D

T6CD

T6P

TOGPD

McNemar Test
Test Statisflcs
r6CD
C&TS C &T6C3C&TEC&T6CR D&T6C 3D&TE D &T6CRCD &T( r6CP P&T6CI
8
8
8
8
8
8
8
N
8
81
8
Exact Sig.
01 .250a. 2508, .37511, .62511,.2198,
12§11 031", 070 1,000,
.
.
.
.
af3inomialdistributionused.
bMcNemarTest
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For target 7
Cochran Test
Frequencies
Value
0
T7C
T713
T7CD
T7P
T7CPD

4
1
3
4
4

4
7
5
4
4

Test Statistics
N
Cochran's0
df
Asymp. Sig.

8
3.400a
4
493
.
a. 1 is treated as a success

CD
2

T7C

T7D

T7CD

T7P

T7CPD

For target 8
Cochran Test
Frequencies

Value
0
T8FCT81)
T8CD
T8P
T8CPD

1
5
8
5
2
3

3
0
3
6
5
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Test Statistics
N8
Cochran's0
df
Asymp. Sig.

10.095a
4
039
.
a. 0 is treated as a success.

McNemarTest
Test Statls*cs

I

N
ExactSig.

T8CD&
C& T83C& T8CBC&T
& T8CF3D& T8C8D& T81D& T8CF3CD& Tf T8CPDIP & T8CF
8
8
8
8
8
8
8
8
8
a
25011 1.000, .3751
6251 250' 0310
.
.
.
.
.0638 .3751 .6881m 1.0000

a43inomialdistributionused.
bMcNemarTest

For target 9
Cochran Test
Frequencies

Value
0

1

Tg=
T91D
T9CD
T9p
T9CPD

5
1
0
0
1

3
7
8
8
7

Test Statistics
N8
Cochran's Q
df
Asymp. Sig.

14.3331
4
006
.

a. 0 is treatedas a success.

Test Statlsftcs
79CD8
)C & T9 1C& T90 C& T9 C& T9CFID & T90 D& Tg D& T9CFrgcPD P& T9CF
N
8
8
8
8
8
8 -- Wý8
8
8
Exact Sig. (1 1251
0631
0631
1251
1.0001
1.0001
1.000al
1.000_1 1,000A.
.
.
.
.

a8inomialdistributionused.
bMcNemar Test

McNemar Test
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For target 10
Cochran Test
Frequencies
Value
0
T10C
T1OD
T1OCD
T10P
T10CPD

6
6
3
4
5

2
2
5
4
3

Test Statistics
N8
Cochran's Q
df
Asymp. Sig.

3.091
4
543
.

a. 1 is treatedas a success

.3
C

a,

.2,

TIOC

T10D

TIOCD

T10P

T10CPD

Amount of information
Descriptive Statistics
1
amount of info recalled
Valid N (listwise)

NI
10
10

-M-in-imu-m-T
Maximum
35.00
68.00
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mean
48.5000

Std- npviati L
10.3414

Standard Description Sheet
ParticipantNo:

Date:

Starttime:

Gender:

Target No:

Description of Facial Features
SHAPE

HAIR

BROWS

EYES

NOSE

MOUTH

EARS

End timc:
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