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ABSTRACT ARTICLE HISTORY
Memory for facial features deteriorates over time, diminishing one’s ability to construct an Received 9 February 2024
accurate visual likeness of a face (i.e. a facial composite). In Experiment 1, we investigated how Accepted 6 June 2025
retention interval impacts composite construction. Participants recalled an unfamiliar face during KEYWORDS

a Cognitive Interview (Cl) and constructed a feature composite across four post-encoding retention Facial composite; face
intervals. Correct composite naming declined sharply after a 3-4hour retention interval, remained memory; retention

stable at two days, and dropped to floor-level after one week. Experiments 2-4 examined how interval; self-administered
composite effectiveness was influenced by the incorporation of two factors: (a) a novel, interview; holistic
self-administered written face-recall attempt, conducted 3-4hours after encoding, and (b) a interview

standard or modified holistic recall elicited immediately before construction. Participant-witnesses
created more identifiable likenesses when early recall was invited, suggesting that this intervention
consolidated and enhanced access to facial-feature information. The addition of a character-based
interview further improved both feature and holistic composites.

Practitioner Summary: We identify two simple, practical techniques to improve the effectiveness
of facial composites across different systems. Firstly, eliciting written descriptions of the face from
witnesses, shortly after encoding. Secondly, asking witnesses to rate how they perceive aspects
of the target’s personality from their face (holistic recall) immediately before construction.

Introduction Composites were originally hand-sketched by
forensic artists, but two types of computerised system
were later developed to allow face construction by
interviewers without artistic training. Firstly, feature
victims of crime, to resemble offenders with whom systems (e.g. E-FIT and PRO-fit in Europe and FACES
they were previously unfamiliar. The resulting image is and Identikit 2000 in the US) require a witness to
usually circulated within a police force, or more widely,  select individual facial features (i.e. eyes, noses and
to prompt identification by someone who is familiar  mouths) from large photographic databases, which are

Facial composites are visual likenesses, typically cre-
ated during forensic investigations by witnesses and/or

with the face. The police may also compare compos-  then edited to enhance their resemblance to the
ites to mugshot images of potential suspects to assess offender’s. Secondly, better-performing modern holistic
possible identity matches. interfaces (e.g. EvoFIT; ID; EFIT-V/6; Frowd 2021;
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Solomon and Gibson 2013; Tredoux et al. 1999) prompt
witnesses to select whole-face images from multi-face
arrays that best resemble the offender. These selec-
tions are then combined to evolve a likeness, whose
similarity can be enhanced via further editing.

Accurate construction relies on witnesses’ ability to
access their memory trace for the face. Prior to con-
struction, witnesses typically relay and consolidate
facial detail via completion of a specifically-modified
Cognitive Interview (Cl; Fisher et al. 1987), which con-
tinues to encourage both quality and quantity of
report, while omitting some mnemonics present in
event-recall interviews (Ashkenazi and Fisher 2022).
Following rapport building, witnesses are instructed to
freely-recall a description of the face, with further
information sometimes probed using repeated
free-recall attempts, or via interviewer-led cued-recall
prompts (Frowd 2023). For feature and hand-sketched
composites, interview-obtained facial descriptors are
used directly by practitioners to inform initial feature
selection, or to roughly draw feature-shapes (e.g.
Frowd, McQuiston-Surrett, et al. 2005; Frowd, Nelson,
et al. 2012). Across all systems (including holistic inter-
faces), witnesses must later consult their own, retained
memory for these details to improve likeness by direct-
ing edits to feature shape, size and contrast (Frowd,
Nelson, et al. 2012).

Since face memory influences composite effective-
ness, it is predicted that variables which negatively
influence one may similarly impact the other. Research
demonstrates that interview-elicited face recall rapidly
declines as the post-encoding retention interval
increases (e.g. Ebbesen and Rienick 1998; Ellis,
Shepherd, and Davies 1980). Consistently, composite
effectiveness also reduces markedly with increasing
retention interval. Feature composites are poorly rec-
ognised after a forensically-typical retention interval of
1-2days (~10-20% lower than those constructed
immediately; e.g. Frowd, Carson, Ness, Richardson,
et al. 2005, Frowd, McQuiston-Surrett, et al. 2005;
Frowd et al. 2007). Decrements by retention interval
are also observed for sketch and holistic systems
(Frowd et al. 2015).

Developing a new approach for forensic
practitioners

When construction occurs after a forensically-typical
retention interval, preserving access to face memory
through recall-consolidation techniques may be
expected to improve composite effectiveness.
Supporting this, Brown, Frowd, and Portch (2017)

found that PRO-fit composites were better recognised
when participant-witnesses verbally described the face
to a practitioner during two Cls: one conducted
3-4hours after face encoding, and another one day
later, immediately before construction. This was supe-
rior to using a single Cl conducted at either the early
or late interval. These findings may reflect a testing
effect (Roediger and Karpicke 2006), a concept inher-
ent within the Transfer Appropriate Processing (TAP)
framework (Morris, Bransford, and Franks 1977). Here
final performance on a cognitive task (composite con-
struction) can be improved when its completion is
preceded by congruent activities that prime and addi-
tively strengthen the same, required cognitive set
(Adesope, Trevisan, and Sundararajan 2017; Yang et al.
2021). Applying this theory to the Brown, Frowd, and
Portch (2017) findings, elicitation of early recall first
likely prevents decay of face memory (Ellis, Shepherd,
and Davies 1980). Repeated recall then consolidates
the memory trace (see Odinot et al. 2013 for similar
event-recall findings), enhancing the success of each
subsequent recall attempt (Roediger and Karpicke
2006), despite their progressively increased temporal
displacement from face encoding (Whitten and Bjork
1977). This additively-strengthened memory trace may
aid the witness to: choose between exemplars within
a feature system, direct an artist to sketch feature
shapes, and make later feature-based enhancements
across all interfaces (Frowd, McQuiston-Surrett, et al.
2005; Frowd, Nelson, et al. 2012).

Both for practical and theoretical reasons, the pres-
ent work explores whether similar benefits arise when
early recall is instead self-administered and written (cf.
verbal and practitioner-led). Firstly, self-administered
interviews require no oversight from a practitioner; by
placing lesser demands on police resources, a witness
may conduct the procedure as soon as possible after
the crime (Gabbert, Hope, and Fisher 2009), before
marked face-memory decay (Ellis, Shepherd, and
Davies 1980). Secondly, while some findings suggest
that elicitation of feature-based verbal descriptions
can instate a processing style that hinders later
attempts to recognise a face holistically - a verbal
overshadowing effect (e.g. Schooler and
Engstler-Schooler 1990) — description accuracy may be
an important mediator of such effects (Meissner,
Brigham, and Kelley 2001). By this account,
feature-based recall is thought to overwrite the
originally-encoded visual face memory trace, thus
highly-accurate verbal templates may aid composite
construction (e.g. Meissner, Brigham, and Kelley 2001).
Indeed, Brown et al. (2020) found a positive relation-
ship between verbal description accuracy and



subsequent PRO-fit composite effectiveness, an effect
that decreased with insertion of a post-description
delay, which presumably weakened access to a useful
verbal template. Written recall is negotiated more
slowly and effortfully than verbal recall (e.g. Kellogg
2007), and thus it may afford further opportunity for
witnesses to carefully monitor the accuracy of their
report, omitting or editing information about which
they are less sure (e.g. Sauerland et al. 2014; Sauerland
and Sporer 2011). In support, Miura and Matsuo (2021)
found that comparatively more accurate event- and
person-related details were given in an interim inter-
view, conducted between encoding and a later inter-
view, when recall was written versus verbal (though
see Sauerland and Sporer 2011). Preliminary work also
supports the utility of written, early recall for EvoFIT
accuracy (Damin 2018): Relative to when EvoFITs were
produced after a verbal, practitioner-led Cl immedi-
ately before construction, composite quality was
improved when a self-administered, early written-recall
was added to this protocol, with these same benefits
unreplicated when early recall was negotiated verbally.
While Damin (2018) did not directly compare differ-
ences in description accuracy according to early-recall
modality, the above mechanisms may be implicated.

Both effective recall and recognition support face
construction. According to a TAP framework (Morris,
Bransford, and Franks 1977), composite effectiveness
may be further enhanced if construction is preceded
by multiple tasks that respectively prime separable
recall (early and repeated interviewing) and recognition
processes (e.g. Shapiro and Penrod 1986). A candidate
for priming recognition mechanisms is the Holistic-
Cognitive Interview (H-Cl; Frowd et al. 2008), wherein
witnesses are asked to consult the offender’s whole-face
image, held in memory, and rate how it conveys spe-
cific aspects of that individual’s personality (e.g. extra-
version). When used independently of early and
repeated feature-based recall, and positioned between
a standard Cl and construction, the H-Cl improves the
effectiveness of PRO-fit and EvoFIT, but not sketch,
composites (Frowd et al. 2008, 2015; Skelton et al.
2020). As the H-Cl consistently appears in practitioner
protocols (e.g. Frowd et al. 2019; Solomon and Gibson
2013), it is of practical importance to assess whether it
remains useful when combined with novel interven-
tions (early and repeated recall). Recall and recognition
mechanisms are differentially important for supporting
procedural stages under different construction systems,
and thus we make system-specific predictions for the
likely independent and additive benefits afforded by
each technique when they are employed together (see
interim introductions for Experiments 2-4).
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Across our experiments, we first confirm that com-
posite effectiveness diminishes as face memory declines
over increasing retention intervals. We then examine
whether early written and repeated feature-based recall
attempts can counteract memory loss and improve the
effectiveness of PRO-fit, sketch, and EvoFIT composites
when created after a typical forensic delay. For PRO-fit
and EvoFIT, we also investigate whether these novel
interventions work synergistically with an established
interviewing protocol (the H-Cl), which (by virtue of
character attribution) is hypothesised to enhance rec-
ognition, rather than recall, mechanisms.

Experiments 1-4: General approach
Method

A three-stage procedure was employed for all experi-
ments. Unique, hypothesis-naive participants were
opportunity-sampled, per experiment, and were sepa-
rately recruited to each stage: participant-witnesses
recalled a single target face and constructed a com-
posite of it, participant-namers attempted to identify
the  constructed identities, and  participant-
raters assessed the likeness between each composite
and its corresponding target face. University-based
ethical approval was granted for all experiments.
Although individual differences-in age range, gender,
locality and sample composition e.g. university staff-
to-student ratio-have minimal impact on construction
and naming outcomes (e.g. Frowd et al. 2015), appro-
priate randomisation techniques were applied to miti-
gate their possible influence: for assignment of participant-
witnesses and participant-namers to condition, and for
participant-witnesses to target identity. As the materi-
als and procedure largely replicate those reported in
our previous work, we provide only a procedural
flow-chart here (Table 1), with further detail available
in interim method sections and online Supplementary
Materials.

Experiment 1: PRO-fit face construction by
retention interval

Introduction

Experiment 1 compared composite effectiveness when
face construction occurred immediately, and at three
forensically-typical retention intervals: 3-4hours was cho-
sen as the shortest likely interval (Frowd, Carson, Ness,
Richardson, et al. 2005); two days was chosen as more
typical (Frowd, McQuiston-Surrett, et al. 2005); and one
week was also used, as this interval often occurs in
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Table 1. Procedural flowchart for stages 1-3 of all experiments (with reference to relevant sections of the Online Supplementary

Materials).

Experimental stage

Participant tasks

Online Supplementary Materials reference

Stage 1: composite construction Part 1: Unfamiliar target viewing
(participant-witnesses)

Part 2: Self-administered written early-recall interview?

Part 3:

1. Pre-construction cognitive interview (all experiments)
2. Holistic-cognitive interview (Experiments 2 and 4)
3. Modified eye-region holistic-cognitive Interview

(Experiment 4, only)
4. Composite construction®, using:
i) PRO-fit (Experiments 1-2)
i) sketch (Experiment 3)
iii) EvoFIT (Experiment 4).
Stage 2: Composite naming
(participant-namers)
Stage 3: Composite evaluation
(participant-raters)

Composite and target photograph naming (all experiments).©

Composite likeness rating (all experiments)?

Section 1.1: Materials and procedure
Section 1.2: Materials and procedure

Section 1.3: Materials and procedure
Section 1.4.1: Materials and procedure
Section 1.4.2: Materials and procedure

Section 1.5.1: Procedure

Section 1.5.2: Procedure

Section 1.5.3: Procedure

Section 2.1: Procedure and materials
Section 4.1.1: Power and inferential analyses
Section 3.1: Procedure and materials
Section 4.1.2: Power and inferential analysis

Note. The self-administered written early-recall interview was used in Experiments 2-4, only, and occurred 3-4hours after target encoding. ®Composite
construction always occurred 1day after unfamiliar-target encoding in Experiments 2-4, but at variable retention intervals in Experiment 1 (immediately,
after 3-4hours, after 2days, or after 1week). Stage 2 (composite and target photograph naming) was always completed by target-familiar participants.
dStage 3 (composite likeness ratings) was always completed by target-unfamiliar participants.

serious criminal cases (Frowd, Pitchford, et al. 2012). While
PRO-fit was used here for construction, the predicted
detrimental impacts of increased retention interval should
be common to sketch and EvoFIT (Frowd et al. 2015).

Method

Participants

Sample sizes were determined through known practice
and verified through computer simulation (see
Supplementary Materials Section 4.1.1).

Construction: Participant-witnesses were 40 students
at the University of Lancashire, UK (26 female, 14 male;
M,ge=20.5, SD=1.4, Range=18-26years), compensated
with course credit. To reflect forensic practice,
participant-witnesses were recruited to be unfamiliar
with International-level UK footballers (i.e. the pool
from which target identities were drawn for this exper-
iment). We hereafter use the term ‘target-unfamiliar’ to
refer to these circumstances.

Naming: Participant-namers were 40 staff and stu-
dents at the University of Lancashire, UK (33 male, 7
female; Mage=21.6, SD=6.5, Range: 17-59years).
Aligned again with forensic practice, participant-namers
were recruited to be familiar with International-level
UK footballers (i.e. they were ‘target-familiar’).

Likeness: Participant-raters were 15 staff and stu-
dents at the University of Lancashire, UK (11 female, 4
male; Mage=27.3, SD=12.5, Range=18-56years), and
all reported being target-unfamiliar (see Supplementary
Materials Section 3.1 for justification).

Apparatus and stimuli
The targets were International-level UK footballers (see
target sizing and presentation information in

Supplementary Materials Section 1.1). PRO-fit Version
3.5 was used for construction.

Design

The independent variable was Retention Interval—the
time between viewing the target photograph and
recalling and constructing the face. This variable had
four levels: immediate, 3-4hours, 2days, and 1week.
Ten participant-witnesses and participant-namers were
each assigned to one of the four levels of the Retention
Interval variable, respectively (i.e. a between-subjects
design). For composite likeness ratings, the design was
within-subjects for Retention Interval.

Procedure

In a first session, each participant-witness was shown
one target face (see Supplementary Materials Section
1.1). After their assigned retention interval, participants
returned individually for a second session where they
first completed a three-stage face-recall Cognitive
Interview. The interview procedure began with a
prompt for the participant to think back to when the
target’s face had been seen (i.e. as part of context rein-
statement), and to retrieve a good visual image of that
face from memory. Once the participant confirmed that
this had been achieved, a free-recall stage followed,
during which the participant was invited to verbally
recall any and all details they could remember about
the face, in their own time and words, without guess-
ing, and without interruption from the experimenter. A
cued-recall stage followed wherein the researcher
repeated back, verbatim, details that the participant
had freely-recalled for each facial region or feature, and
asked the participant whether they could recall
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anything further (e.g. ‘You recalled that the hair was
brown and short. Is there anything else you can
remember about this feature?’; see Section 1.3 for
experiment-specific variations to the Cognitive Interview
procedure). Following face-recall, participants engaged
in PRO-fit composite constriction (Section 1.5.1). Figure
1 shows examples of composites constructed of the
same target identity at each retention interval.

Results

Composite naming

Each participant viewed their assigned set of compos-
ites, followed by the 10 corresponding target photo-
graphs. Target recognition was appropriately high
(M=97.5%). Since composite-namers who failed to
identify a target photograph were unlikely to correctly
name the corresponding composite, these instances
were excluded from analysis (10/400 attempts). Table 2
shows the resulting average correct and mistaken
naming rates for composites by Retention Interval. As
retention interval increased, correct naming and like-
ness ratings substantially decreased, while mistaken
naming showed a tendency to increase.

Correct Naming: Generalised Estimating Equations
(GEE) were wused to analyse responses from
participant-namers. This technique modelled correct
naming scores (7 =correct, 0=otherwise) using a logis-
tic link function, a binomial distribution and an
exchangeable working correlation matrix to account for
non-independence of the 10 responses provided by
each participant. In this first experiment, the sole inde-
pendent variable was Retention Interval, coded as fol-
lows: 1=immediate; 2=3-4hours; 3=2days; 4=1week'.
The analysis by-participants revealed that the odds of
producing a correct name differed across the four lev-
els of Retention Interval [x,%(3)=39.13, p<.001]. Post-hoc
tests are hindered both when levels of correct naming
are low, as observed here at longer retention intervals,
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and when their proportions are unevenly distributed
across conditions. To maintain statistical power, Reverse
Helmert contrasts were conducted to provide a trend
analysis. These contrasts compare correct naming at
each level of a variable to the collated mean across
previous level(s). The results illustrate a decline in com-
posite effectiveness: correct naming was worse after (i)
3-4hours than immediate [MD (Mean
Difference)=14.7%, SE(MD)=0.04, p<.001], (ii) 2days
than the shorter (immediate and 3-4hour) intervals
[MD=10.7%, SE(MD)=0.03, p<.001] and (iii) 1week
than all other (immediate, 3-4hour and 2day) intervals
[MD=12.9%, SE(MD)=0.02, p<.001].

Mistaken Naming: We compared instances where
participant-namers provided an incorrect name for the
composite (i.e. they had mistaken the composite for a
different identity) across the four retention intervals.
As before, responses to composites were removed
where the corresponding target photograph had not
been correctly named. Overall, mistaken names
occurred fairly frequently (N=140/390), consistent with
previous findings for feature composites (e.g. Frowd,
Skelton, et al. 2012), and peaked at the longest reten-
tion interval (Table 2).

GEE analysis revealed different odds of producing a
mistaken response by Retention Interval [x,%(3)=10.80,
p=.013]. Reverse Helmert contrasts showed that com-
posites were mistakenly named at a higher rate follow-
ing 1week compared to (combined) shorter intervals
[MD=23.6%, SE(MD)=0.06, p<.001; Table 2]; other con-
trasts were non-significant (ps > 0.43, MD=-0.03
to 0.06).

Composite likeness ratings

Mean correct naming of the target photographs was
low (7.3%), confirming participant-rater unfamiliarity
with the identities (see Supplementary Materials Section
3.1). These 44 cases of correct naming were removed
from the analysis, along with 17 cases of erroneous

Figure 1. Example composites constructed to resemble the UK footballer Steven Gerrard. Each composite was created by a dif-
ferent person after experiencing one of four post-encoding retention intervals, from left-to-right: immediate, 3-4 hours, 2days and
1week. For reasons of copyright, the actual target picture cannot be reproduced; however, a photograph (far right) of this player,
taken around the same time, was located on Wikimedia Commons (note that the image used in the project presented a more

frontal view of the face).
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data entry. For the remaining likeness ratings (1=very
dissimilar, 15=very alike), responses above the scale
midpoint of 8 were sparse, and were thus collapsed
(recoded as a value of 8) to create eight ordinally
spaced categories (see further justification for, and
detail of, data recoding procedures in Supplementary
Materials Section 3.1). Overall, rated likeness tended to
decline as retention interval increased (Table 2).

GEE was used to fit an ordinal logistic regression to
participants’ rated likeness with a single predictor:
Retention Interval. The analysis proceeded as before,
except for use of (a) an ordinal logistic response func-
tion, and (b) an ascending order to sort the depen-
dent variable (Rating). The analysis found different
odds of rated likeness across Retention Interval
x,23)=12.15, p=.007] (a=.1).

There was a general decline in composite likeness
ratings across retention intervals, although effects were
weaker than for correct naming: Reverse Helmert
Contrasts? revealed that likeness ratings of composites
constructed after (i) 3-4hours were marginally lower
than immediate [B=-0.32, SE(B)=0.18, p=.085],
(i) 2days were equivalent to the shorter (immediate
and 3-4hour) intervals [B=-0.17, SE(B)=0.16, p=.28],
and (iii) 1week were lower than all other intervals
combined [B=-0.41, SE(B)=0.15, p=.005].

Discussion

Experiment 1 assessed the impact of increasing reten-
tion interval on PRO-fit effectiveness when composites
were constructed following a single, practitioner-led Cl.

Table 2. Experiment 1 results for each DV (correct naming,
mistaken naming and likeness ratings) by increasing Retention
Interval.

Retention interval®

DV Immediate 3-4Hours 2 Days 1 Week

Correct 27.1 (26/96) 12.4 (12/97) 9.0 (9/100) 3.1 (3/97)
naming

Mistaken 29.2 (28/96) 26.8 (26/97) 34.0 (34/100) 53.6 (52/97)
naming

Likeness 4.5 (0.2) 4.0 (0.2) 4.0 (0.2) 3.5(0.2)
ratings

Note. Correct Naming: Shown as a percentage, and (in parentheses) as a
number of correct names offered (numerator) out of the number of cor-
rectly identified targets (denominator). 2p <.001. Mistaken Naming: Shown
as a percentage, and (in parentheses) as a number of mistaken names
offered (numerator) out of the number of correctly identified targets
(denominator). 2p<.02. Likeness Ratings: Rating scale (1=very dissimilar
... 15=very alike; with scale points 9-15 recoded as 8). Shown are mean
likeness ratings and (in parentheses) SE. 2p<.01. For all analyses, results
are specified with respect to the lowest category, underlined (here,
Immediate); predictors were sorted in descending order; target (DV) were
sorted in descending order (except likeness, where an ascending sorting
order was used); see Appendix A for associated statistics, Appendix B for
analyses by-items, Appendix C for analyses by GLMM and Appendix E for
table of statistical comparisons.

As hypothesised, memory for the encoded face deteri-
orated with increasing retention interval (e.g. Ellis,
Shepherd, and Davies 1980), reducing composite effec-
tiveness (Frowd et al. 2015).

As expected, immediately-constructed composites
were correctly named most often, with correct naming
rates successively decreasing at each longer retention
interval. Rated likeness also evidenced a decrease, partic-
ularly when comparing the shortest and longest reten-
tion intervals. This suggests that composites progressively
contained less of the information required for accurate
identification. After a period of 1-week, participant-witness
memory was so poor that these composites attracted
significantly more mistaken than correct names (relative
to mistaken naming at all previous, combined delays),
indicating that likenesses tended to be too generic and
more often resembled other identities.

In real-world settings, composites are typically con-
structed 1-2days after a crime (Frowd 2021), and thus we
adopt this retention interval in all subsequent experi-
ments. As decline in correct naming of composites from
two days relative to immediate construction [Exp(B)=3.8]
represents a medium-to-large effect size (see Table 2,
Note), techniques that mitigate the documented sharp
decline in memory that occurs between these two time-
points (e.g. Ellis, Shepherd, and Davies 1980) should be
particularly valuable. To achieve this aim, we introduce a
novel technique during this retention interval:
participant-witnesses were asked to write a detailed face
description 3-4hours after encoding—the shortest time-
frame that such an exercise is likely to be feasible in a
criminal investigation. This technique should not only
protect against loss of face detail from memory (Ellis,
Shepherd, and Davies 1980) but instate a processing style
that facilitates witnesses’ tasks on the following day (i.e.
completion of a second, practitioner-led Cl, and selection
and editing of facial features during construction).

Experiment 2: Early recall for PRO-fit
construction

Introduction

In Experiment 2, we examine whether early written
recall can facilitate PRO-fit construction. Echoing our
previous arguments, early and repeated recall interven-
tions are expected to most greatly benefit feature com-
posites (cf. other face-production methods), as they
bolster both initial feature selection and later feature
editing (e.g. Frowd, McQuiston-Surrett, et al. 2005; Frowd,
Nelson, et al. 2012). This novel intervention is imple-
mented alongside the H-Cl, an interview-based tech-
nique commonly used by practitioners (e.g. Frowd et al.
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2019). Theoretically, pre-construction holistic recall
should bolster later recognition that a composite has
reached a good level of visual likeness. Thus, both early
and holistic recall techniques should enhance composite
naming through separate, non-interactive mechanisms.

Method

Participants

Construction: Participant-witnesses were target-unfamiliar
staff and students at the University of Lancashire, UK,
and residents of Whitchurch, Shropshire, UK (23 female,
17 male; Mage=27.2, SD=7.6, Range=18-49years).
University students received course credit; otherwise,
participation was voluntary.

Naming: Target-familiar participant-namers (24 female
and 16 male; M,,,=27.1, SD=7.2, Range=18-49years)
were students at the University of Lancashire, UK. They
received course credit for participation.

Likeness Rating: Target-unfamiliar participant-raters
were volunteers from Whitchurch, Shropshire, UK (10
male, 8 female; M,,,=30.4, SD=8.3, Range=19-47 years).

Apparatus and stimuli

Ten target photographs of current characters from the
ITV soap, ‘Coronation Street’ (5 male, 5 female) were used
(see Supplementary Materials Section 1.1 for further
information). The recording sheet for self-administered,
written face-recall is described in Section 1.2. PRO-fit
Version 3.5 was used for construction.

Design
Construction and Naming: Ten participant-witnesses and
participant-namers were each randomly assigned either
to construct a single composite, or view the set of com-
posites created, in one of the four conditions deter-
mined by the two between-subjects variables: Early
Recall (early recall or not) and Interview Type (Cl or H-Cl).
Likeness Rating: Eighteen participant-raters assessed
likeness for all composites constructed (i.e. Early Recall
and Interview Type were within-subjects).

Procedure

Construction: This part of the procedure was con-
ducted across two sessions. In the first session, all 40
participant-witnesses undertook target encoding (see
Supplementary Materials Section 1.1). At 3-4hours
after target encoding, half of the participants com-
pleted a self-administered, written face-recall attempt
(Section 1.2), while the other half did not. The second
session was scheduled 20-28hours following target
encoding. Here, participant-witnesses either took part
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in a practitioner-led Cognitive Interview (Cl; Section
1.3) or a whole-face Holistic-Cognitive Interview (H-Cl;
Section 1.4.1). Immediately following the interview,
participants completed PRO-fit construction (Section
1.5.1). A total of 40 composites were constructed, 10
per between-subjects condition.

Composite Naming: The procedure was as previ-
ously described (see Supplementary Materials
Section 2.1).

Likeness Rating: The procedure was the same as that
used in Experiment 1, except for (a) use of a condensed
rating scale, and (b) a within-item format, where com-
posites and target photographs were presented together
(See Supplementary Materials Section 3.1).

Results

Correct naming

Participant-namers correctly named all target photo-
graphs. Mean correct naming of composites (Table 3)
was 36.0% (SD=15.2), increasing markedly both for
early recall (cf. no early recall) and for H-CI (cf. CI).

A full-factorial model was used, with Early Recall
(coded as 0=no early recall; 1=early recall) and Interview
Type (1=Cl; 2=H-Cl) as predictors. GEE found no inter-
action [p=.916, 1/Exp(B)=1.03, a=0.113, and so this term
was removed®*. In the resulting model®, both individual
predictors returned p-values that were less than alpha
and so were retained (Table 4). In this final model, the
odds of a correct response were higher for Early Recall
[x;? (1)=61.51, p<.001], following early recall compared
to no early recall; and for Interview Type [x;? (1)=19.36,
p<.001], for composites constructed following a H-CI
rather than a standard face-recall Cl.

Mistaken naming

Mistaken names were scored as before, occurring in
80/400 responses (M=20.0%). These responses were
somewhat lower for composites created following
early (cf. no early) recall (MD=7.0%) but somewhat
higher after an H-Cl (cf. Cl) (MD=10.0%). Following
the procedure for correct naming, GEE led to removal
of the interaction [p=.339, 1/Exp(B)=1.82] and then
Early Recall [p=.139, 1/Exp(B)=1.56], resulting in a

Table 3. Percentage correct naming of PRO-fit composites
constructed by Early Recall and Interview Type.

Early recall®
Interview type® No early recall Early recall Mean
cl 20.0 (20/100) 40.0 (40/100) 30.0 (60/200)
H-CI 30.0 (30/100) 54.0 (54/100) 42.0 (84/200)
Mean 25.0 (50/200) 47.0 (94/200) 36.0 (144/400)

Note. **p <.001.
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Table 4. Model parameters for the impact of Early Recall and Interview Type on correct naming of PRO-fit composites.

Fixed effects B SE(B) X2 (1) p Exp(B) 95% Cl(-) 95% Cl(+)
Early recall vs. No early recall 1.00 0.13 61.51 <.001 2.71 2.11 347
H-Cl vs. QI 0.55 0.13 19.36 <.001 1.74 1.36 2.23

Note. For the by-participants analysis, Fixed Effects (IVs) are presented by coefficients [B], standard error [SE(B)], model fit [x,? and p] and corresponding
odds ratio [Exp(B)]; Model Intercept [B=—-1.40, SE(B)=0.12]. Based on Cohen'’s (1988) estimates, an odds ratio of around 1.5 can be considered a ‘small’
effect size, 2.5 as ‘medium’ and 4.5 as ‘large’ (Sporer and Martschuk 2014). For example, an odds ratio of 2.71 is therefore a medium effect, and means
that the odds of a correct name following early recall is 2.71 times the odds of a correct name with no early recall. See Appendix B for by-items

analysis.

model comprising only Interview Type [x,;%(1)=4.05,
p=.044] (Table 5): the odds of eliciting a mistaken
response were higher following an H-ClI (compared
to a CI).

Composite likeness ratings

Participant-raters rarely gave correct names for target
photographs (N=12). The analysis followed the same
procedure as for naming data, except that an ordinal
logistic response function was used and the target
was sorted in an ascending order. Despite condensing
the rating scale, responses remained sparse at the two
highest scale points, necessitating further scale recod-
ing (Supplementary Materials Section 3.1). Elevated
mean likeness ratings (Table 6) highlighted a consis-
tent benefit for early recall (cf. no early recall), while
the H-Cl only appears to be beneficial (cf. Cl) when
combined with early recall.

In a full-factorial model, GEE analysis retained the
interaction between Interview Type and Early Recall
[x,’=17.90, p<.001]. Parameter estimates for this
full-factorial model indicated that the odds of rated
likeness were higher for composites following: (i) early
recall compared to no early recall at each level of
Interview Type (ps<.006), and (ii) the Holistic-Cognitive
Interview (H-Cl) compared to Cognitive Interview (Cl)
with early recall (p<.001), but not without early recall
(p=1.00). For brevity, regression coefficients are pre-
sented in Table 6, Note.

Discussion

Experiment 2 manipulated Early Recall (present or
absent) and Interview Type (H-Cl or standard face-recall
Cl). Correct naming was significantly higher for com-
posites created after early recall (cf. no early recall)
and a H-CI (cf. Cl). We therefore replicate the findings
of Brown, Frowd, and Portch (2017) when using a writ-
ten, rather than practitioner-led, early recall attempt
(see also Damin 2018). As anticipated, correct naming
rates indicated that Early Recall did not interact with
Interview Type, suggesting that facilitation occurs via
the pre-construction priming of separate underlying
(recall and recognition) mechanisms. It was also

Table 5. Percentage mistaken naming of PRO-fit composites
by Early Recall and Interview Type.
Early recall

Interview type? No early recall Early recall Mean

cl 20.0 (20/100) 10.0 (10/100) 15.0 (30/200)
H-Cl 27.0 (27/100) 23.0 (23/100) 25.0 (50/200)
Mean 23.5 (47/200) 16.5 (33/200) 20.0 (80/400)

Note. Early Recall was removed from the model by-participants (p=.15,
1/Exp(B)=1.56) but was retained with the IV marginally-significant
by-items (p=.066, 1/Exp(B)=1.56, Appendix B), consistent with the
emerging small effect. The final Model comprised Interview Type: H-Cl > Cl
[B=0.64, SE(B)=0.32, Exp(B)=1.89 (1.02, 3.51)]; Intercept [B=-1.74,
SE(B)=0.24]. ®p<.05.

Table 6. Mean likeness ratings (SE) of PRO-fit composites con-
structed by Early Recall and Interview Type.

Early recall
Interview type No Early recall Early recall
Cl 2.22 (0.1) 2.5 (0.1)
H-Cl 2.12 (0.1) 34 (0.1)

Note. Rating scale (1=very poor likeness ... 7=very good likeness; with
scale points 6 and 7 recoded as 5). The interaction indicated inconsistent
odds between Early Recall and Interview Type (p <.001): Early Recall >No
Early Recall: CI [B=0.54, SE(B)=0.19, p=.005, Exp(B)=1.72 (1.18, 2.52)]
and H-CI [B=1.70, SE(B)=0.20, p<.001, Exp(B)=5.49 (3.73, 8.06)].
H-CI>ClI: Early Recall [B=1.16, SE(B)=0.19, p<.001, Exp(B)=3.18 (2.18,
4.63)] and No Early Recall (ns) [B=0.001, SE(B)=0.20, p=1.0, Exp(B)=1.001
(0.63, 1.47)]. All pairwise comparisons were significant (ps < .005) except
ap=1.0.

observed that mistaken names significantly increased
with H-Cl (cf. Cl) but reduced for early recall (which
was marginally significant by-items). For likeness rat-
ings, an advantage of H-Cl (cf. Cl) was not observed
without early recall. The latter results indicate an unex-
pected possible interactive, rather than additive bene-
fit, of our manipulations.

Experiment 3: Early recall with sketch face
construction

Introduction

Some composites are manually sketched, with a foren-
sic artist creating the composite based on the witness’s
face description. As with feature construction, we
might expect that feature-memory consolidation,
through early and repeated recall, would facilitate both
initial guidance of the artist’s feature drawings (e.g.
Kuivaniemi-Smith 2023) and subsequent fine-grained
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refinements of these details. However, the early stages
of sketch construction appear to involve more global
facial processing than feature construction, as wit-
nesses tend to focus on groups of features rather than
individual ones (e.g. Davies and Little 1990; Laughery,
Duval, and Wogalter 1986). Therefore, the sketch pro-
cess may benefit less from attempts to enhance recall.

Furthermore, unlike feature construction, sketch-
practitioner protocols typically do not include holistic
recall, as it has not consistently improved sketch effec-
tiveness (e.g. Frowd et al. 2015). For practical reasons,
this experiment therefore focused solely on the poten-
tial benefit of early recall.

Method

Participants
Construction: Target-unfamiliar participant-witnesses were
staff and students at the University of Dundee, UK (17
female, 3 male; /\/Iage=25.2, SD=9.0, Range=20-62years).
Naming: Target-familiar participant-namers were 25
staff and students from the University of Dundee (gen-
der identity and age information undisclosed).
Likeness Rating: Target-unfamiliar participant-raters
were 18 student volunteers (15 female, 3 male) at the
University of Leeds, UK (age information undisclosed).

Apparatus and stimuli

Photographs of 10 characters (5 female, 5 male) from
the UK TV soap ‘EastEnders, were used. Stimuli were
prepared to the previously-described standard (see
Supplementary Materials Section 1.1).

Design

Construction and Naming: Ten participant-witnesses
were each randomly assigned to produce a single
composite with a sketch artist, with or without early
recall. A between-subjects design was also imple-
mented at naming: participants-namers either
attempted to name composites produced following
early recall (n=13), or without early recall (n=12).

Table 7. Percentage correct naming of sketch composites
constructed by Early Recall.

Early recall®
No Early Recall Early Recall
34.5 (39/113) 47.7 (61/128)
Note. ?p <.05.
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Likeness Rating: As before, a within-subjects design
was employed for this task.

Procedure

Construction: 3-4hours after target encoding (detailed
in Supplementary Materials Section 1.1), half of the
participant-witnesses received telephone instructions to
complete a self-administered, written face-recall attempt
(Section 1.2). Following a 20-28-hour post-encoding
delay, participants engaged remotely in a practitioner-led
Cognitive Interview (Cl; Section 1.3), immediately
followed by sketch construction (Section 1.5.2).

Naming and Likeness: All interactions with participant-
namers and participant-raters were conducted via
video link, adhering to the procedures previously
described in Supplementary Materials Sections 2.1 and
3.1, respectively.

Results

Correct naming

There were few cases (N=9/250, M=3.6%) where a
target photograph was not correctly named. Table 7
shows that sketch composites constructed following
early recall attracted substantially more correct
names compared to those without early recall, with
GEE confirming these trends [x,%(1)=4.08, p=.043,
Table 8].

Mistaken naming

Mistaken naming occurred much more frequently than
for face construction using PRO-fit, at 45.6% overall.
However, this rate differed only slightly between early
recall (M=43.8%) and no early recall (M=47.8%) condi-
tions. Accordingly, GEE indicated that Early Recall had
no effect on mistaken naming [x;? (1)=0.41, p=.521,
Exp(B)=1.92].

Composite likeness ratings

Target photographs were infrequently identified
(N=2, M=0.6%). As before, responses across the
highest scale points were sparse, and so data recod-
ing was performed (see Supplementary Materials
Section 3.1). GEE indicated an increase in odds of
rated likeness following early recall [y,? (1)=15.93,
p<.001] (see Table 9, Note).

Table 8. Model parameters for the impact of Early Recall on correct naming for sketch composites.

Fixed effects B SE(B)

X2(1) p

Exp(B) 95% CI(-) 95% CI(+)

Early recall vs. no early recall 0.55 0.27

4.08 .043 173 1.02 2.94

Note. Model Intercept [B=-0.64, SE(B)=0.20].
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Table 9. Mean likeness ratings (SE) of sketch composites by
Early Recall.

Early recall®

No early recall Early recall
3.2 (0.1) 3.8 (0.1)

Note. Rating scale (1=very poor likeness ... 7=very good likeness; with
scale point 7 recoded as 6). Early Recall>No Early Recall [B=0.69,
SE(B)=0.17, Exp(B)=1.99 (1.42, 2.79)].

3p<.001.

Discussion

The experiment assessed the impact of early recall on
the effectiveness of sketch composites. In this itera-
tion, early recall was initiated by a phone call (cf.
written instructions). Early recall (cf. no early recall)
was again beneficial, this time enabling participant-
witnesses to construct a sketch composite that was
correctly named significantly more often. We assess
the comparative strength of recall-based facilitation
for feature and sketch systems in the General
Discussion.

Experiment 4: Early recall for EvoFIT
construction

Introduction

This final experiment assesses whether early and holis-
tic recall will improve EvoFIT effectiveness. Here we
anticipated an interaction between our two manipula-
tions: the benefit of early written recall might only be
realised when the second practitioner-led Cl is fol-
lowed by holistic recall; a prediction that led us to
omit an ‘early recall only’ condition from this
experiment.

To explain, while the pre-construction priming of
recognition mechanisms via holistic recall might
enhance witnesses’ ability to assess composite resem-
blance, irrespective of construction system, recognition
processes are also crucial for the initial stage of EvoFIT
construction (e.g. Frowd, Nelson, et al. 2012). Here, wit-
nesses must select whole-face images (or facial regions)
that best resemble the offender from multi-face arrays.
This activity might be hindered by early and repeated
feature-based recall. Indeed, while the latter tech-
niques may consolidate a memory trace for later
refinement of feature-based details (Brown, Frowd, and
Portch 2017), they may also lead witnesses to enter
the construction phase with a temporary feature-based
processing style, suboptimal for whole-face judgments
(i.e. a verbal overshadowing effect; Brown and
Lloyd-Jones 2002; Frowd and Fields 2011; MacLin 2002;
Schooler and Engstler-Schooler 1990). Positioning
holistic recall between face recall and construction

should temporarily release witnesses from this pro-
cessing style, enabling them to utilise recognition
mechanisms more effectively in the initial stages of
EvoFIT construction, while leaving a recall-consolidated
feature memory trace spared for later consultation.

To further prime recognition mechanisms and align
witness processing across construction stages, an addi-
tional TAP-informed manipulation was included in this
experiment (i.e. Skelton et al. 2020). After participant-
witnesses gave holistic ratings to the entire target
face, as they had done in Experiment 2, they were
then instructed to make these same ratings while
focusing only on the target's eye region, in memory.
This complemented the composite system’s instruc-
tions to focus on the eye region when selecting faces
from arrays (Fodarella et al. 2017; Skelton et al. 2020,
see Supplementary Materials Section 1.4.2).

In summary, we employed three conditions in this
experiment (see Design). We predicted that compos-
ites produced following holistic recall would be more
accurate than those following a standard,
pre-construction Cl. Furthermore, we expected best
performance when early recall preceded holistic recall.

Method

Participants
Construction: Target-unfamiliar participant-witnesses
were 30 staff and students (21 female, 9 male) at the
University of Lancashire, UK (Mage=26.0, SD=11.0,
Range=18-43years), each financially compensated.
Naming: Target-familiar participant-namers were 27
staff and students (15 female, 12 male) at the University
of Lancashire, UK (M qe=33.40, SD=16.1,
Range=18-68years), each financially compensated.
Likeness Rating: Target-unfamiliar participant-raters
were 18 staff and students (9 female, 9 male) at the
University of Lancashire, UK (Mage=41.8, sD=16.1,
Range=20-70years), each participating voluntarily.

Apparatus and stimuli

Construction: Materials were the same 10 characters
from Experiment 3, prepared to the same standard
(see Supplementary Materials Section 1.1). EvoFIT
Version 1.6 was used for construction.

Design

Construction and Naming: Based on our predictions,
implementing early recall alone may not facilitate
EvoFIT face construction. Therefore, we simplified the
intended 2x2 design for Experiment 2 to three condi-
tions, defined by Interview Type: Cl, where only
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face-recall was elicited via a Cognitive Interview (coded
as 1); H-Cl, where holistic recall was added to the Cl
(coded as 2); and ER-H-Cl, a combined approach where
early recall preceded the H-CI (coded as 3).
Participants-witnesses and -namers were randomly
allocated to construct a single composite, or name the
set of composites, arising from one of the three
between-subjects levels of Interview Type.

Likeness Ratings: As before, a within-subjects design
was employed for Interview Type.

Procedure

Construction: Participant-witnesses first engaged in
target encoding (Supplementary Materials Section 1.1).
Dependent on condition assignment, a third of partic-
ipants then independently undertook a written
face-recall attempt, 3-4hours later (Section 1.2). On
return to the laboratory (20-28hours post-encoding),
participants then engaged in a standard, practitioner-led
Cl (Supplementary Materials Section 1.3) or a modified
H-Cl (Section 1.4.2) before proceeding immediately to
EvoFIT construction (Section 1.5.3).

Naming and Likeness Rating: These tasks followed
the procedure from previous experiments (See
Supplementary Materials Sections 2.1 and 3.1,
respectively).

Results

Correct naming

Target photographs were rarely named incorrectly
(N=11/270, M=4.07%). GEE indicated that the odds of
a correct response differed by Interview Type (1=Cl,
2=H-Cl, 3=ER-H-CI) [x,2(2)=80.03, p<.001] (Table 10).
Parameter estimates (Table 11) revealed differences
between all three conditions (ps<.001), with ER-H-CI
performing best, followed by H-Cl, and Cl perform-
ing worst.

Table 10. Percentage correct naming of EvoFIT composites
constructed by Interview Type.
Interview type?
(@] H-CI
28.9 (24/83) 45.5 (40/88)
Note. 2p <.001: all comparisons.

ER-H-CI
71.6 (63/88)

ERGONOMICS . 11

Mistaken naming

Mistaken names were infrequent (N=28, M=10.8%),
and notably lower in the ER-H-Cl condition (Table 12).
GEE indicated different odds of a mistaken response
by Interview Type [x,%(2)=7.476, p=.024]. Parameter
estimates (Table 12, Note) revealed a decrease from Cl
to ER-H-CI (p=.007) and from H-CI to ER-H-CI (p=.016),
while Cl and H-CI were equivalent (p=.85).

Composite likeness ratings

Participant-raters were generally target-unfamiliar
(M=12.7% correct). As before, rating-scale-point
endorsements were unequal, and so scale recoding
was performed (see Supplementary Materials Section
3.1). Ratings increased markedly by condition, from Cl
to H-Cl to ER-H-CI (Table 13).

GEE revealed that the odds of rated likeness varied by
Interview Type [x?(2)=166.13, p<.001], with all individual
conditions emerging different to each other (p<.001,
Table 13, Note): ER-H-CI was best, then H-Cl, and lastly Cl.

Discussion

Experiment 4 assessed the utility of early and holistic
recall techniques for EvoFIT construction. Results for
both correct naming and likeness ratings replicated

Table 12. Percentage mistaken naming of EvoFIT composites
constructed by Interview Type.
Interview type®
a H-Cl ER-H-CI
15.7 (13/83) 13.6 (12/88) 3.4 (3/88)

Note. Cl=H-Cl (ns) [B=0.17, SE(B)=0.41, p=.85 Exp(B)=1.18 (0.53,
2.61)], CI>ER-H-CI [B=1.66, SE(B)=0.62, p=.007, Exp(B)=5.26 (1.57,
17.61)] and H-CI>ER-H-CI [B=1.49, SE(B)=0.62, p=.016, Exp(B)=4.45
(1.32, 15.02)]. Intercept [B=—1.68, SE(B)=0.28].

2p <.05.

Table 13. Mean likeness ratings (SE) of EvoFIT composites
constructed by Interview Type.
Interview type®
al H-Cl ER-H-CI
3.3 (0.04) 3.8 (0.06) 4.6 (0.05)

Note. Rating scale (1=very poor likeness ... 7=very good likeness; with
scale points 1 and 2 recoded as 3, and 6 and 7 recoded as 5). H-CI>Cl
[B=1.48, SE(B)=0.24, p<.001, Exp(B)=4.39 (2.72, 7.08)], ER-H-CI>Cl
[B=3.60, SE(B)=0.28, p<.001, Exp(B)=36.76 (21.10, 64.04)] and
ER-H-CI>H-Cl [B=2.13, SE(B)=0.24, p<.001, Exp(B)=8.40 (5.26, 13.33)].
3p <.001: All comparisons.

Table 11. Model parameters for the impact of Interview Type on correct naming of EvoFIT composites.

Fixed effects B SE(B) X;:4(1) p Exp(B) 95% ClI(-) 95% Cl(+)
H-Cl vs. CI 0.70 0.19 13.64 <.001 2.02 1.39 2.94
ER-H-Cl vs.Cl 1.80 0.20 81.52 <.001 6.03 4.08 8.91
ER-H-Cl vs. H-CI 1.09 0.18 35.30 <.001 2.98 2.08 4.28

Note. Model intercept [B=-0.89, SE(B)=0.15].
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the benefit of early recall when accompanied by
holistic recall. Fewer mistaken names were given for
composites (indicating more effective composites)
following use of both (cf. one or neither) recall
techniques.

Combined analyses

This section presents a combined analysis across
experiments for the two predictors of interest (Early
Recall and Interview Type), providing an overall esti-
mate of their effect sizes. Table 14 displays a summary
of means from each experiment. While previous analy-
ses have incorporated conventional sources of varia-
tion for items (stimuli) and participant-namers, the
current analysis included a third source of variation:
the random effect of participant-witnesses, accounting
for potential variability introduced by their individual
differences.

The statistical approach remained consistent with
previous analyses, incorporating data from
Experiments 2-4 for Early Recall, and from
Experiments 2 and 4 for Interview Type. We again
present analyses by-participants here and by-items
in Appendix B. All analyses included the random
effects of both experiment (coded as 1, 2, etc.) and
participant-witnesses (a unique code for partici-
pants, 1, 2, etc.). Items were coded uniquely between
Experiments 2 and 4, but identically for Experiments
3 and 4, as the same stimuli were used. For GEE,
experiment and participant-witnesses were added as
between-subject variables in the by-participants
analysis, while items were treated as within-subjects
(compared to between-subjects in the by-items
analysis).

Table 14. Means for each DV (correct naming, mistaken nam-
ing and likeness rating) by composite system and experiment.

DV Interview technique

cl ER-CI H-CI ER-H-CI
Correct Naming
PRO-fit (Experiment 2) 20.0 40.0 30.0 54.0
Sketch (Experiment 3) 34,5 47.7
EvoFIT (Experiment 4) 28.9 455 71.6
Mistaken Naming
PRO-fit (Experiment 2) 20.0 10.0 27.0 23.0
Sketch (Experiment 3) 438 47.8
EvoFIT (Experiment 4) 15.7 13.6 34
Likeness Rating
PRO-fit (Experiment 2) 2.2 25 2.1 34
Sketch (Experiment 3) 3.2 3.8
EvoFIT (Experiment 4) 33 38 46

Note. Cl: face-recall Cl; ER-Cl: early recall+face recall Cl; H-Cl: face and
holistic recall; ER-H-CI: early recall+face and holistic recall. Values are
expressed in percentages for Correct Naming and Mistaken Naming, while
mean ratings are presented for Likeness Rating.

Early recall

a. For Correct Naming, Early Recall [x,%(1)=33.67,
p<.001] was retained in the model: Early Recall
produced higher correct naming rates than No
Early Recall with a medium effect size [B=0.84,
SE(B)=0.15, Exp(B)=2.32 (1.74, 3.09)]. This IV
was retained in the model by-items.

b. For Mistaken Naming, Early Recall [x,%(1)=3.98,
p=.046] was retained: Early Recall produced
lower mistaken naming rates than No Early
Recall, with a small effect size [B=-0.84,
SE(B)=0.15, 1/Exp(B)=1.38 (1.00, 1.90)]. This IV
was not retained in the model by-items.

Interview Type

a. For Correct Naming, Interview Type [x;? (1)=10.93,
p<.001] was retained: H-Cl produced higher cor-
rect naming rates than Cl, with a small effect size
[B=0.58, SE(B)=0.18, Exp(B)=1.79 (1.27, 2.53)l.
This IV was not retained in the model by-items.

b. For Mistaken Naming, Interview Type [x,%(1)=3.78,
p=.052] was retained: H-Cl was associated with
marginally higher mistaken naming rates than
Cl, with a small effect size [B=0.43, SE(B)=0.22,
Exp(B)=1.53 (1.00, 2.35)]. This IV was not
retained in the model by-items.

General discussion

Experiment 1 assessed how retention interval affects
PRO-fit construction. Results showed that immediately-
constructed composites were most effective, with cor-
rect naming and likeness ratings decreasing over time
and mistaken naming increasing after 1week. Of prac-
tical importance, PRO-fit composites became largely
ineffective at forensically-typical delays, a trend likely
to generalise to other feature systems. (e.g. E-FIT,
FACES, Frowd et al. 2015).

These findings align with research suggesting that
effective composite construction requires sustained
access to facial detail (e.g. Brown et al. 2020), which
diminishes over time (e.g. Ellis, Shepherd, and Davies
1980). While Brown, Frowd, and Portch (2017) sug-
gest that early practitioner-led verbal elicitation of
face-recall (3-4 hours after encoding) can retain access
to these details, this implementation depends on
practitioner availability. Additionally, verbal recall
may be less accurate than written recall (e.g. Miura
and Matsuo 2021), perhaps producing a recoded ver-
bal template that less effectively guides composite



construction (Meissner, Brigham, and Kelley 2001)°.
Our work thus explored whether adding a self-
administered written recall attempt 3-4hours after
encoding could improve construction after typical
forensic delays.

This technique consistently improved correct nam-
ing and likeness ratings across PRO-fit (Experiment 2),
Sketch (Experiment 3) and EvoFIT (Experiment 4) sys-
tems. For all systems, composite naming and likeness
ratings in ‘baseline’ conditions, which followed stan-
dard construction practices, were comparable to those
reported in previous work (e.g. Frowd 2021) and thus
variations in these indices can be linked to the imple-
mentation of our novel procedures. We particularly
expected early recall to benefit PRO-fit composites,
where consolidated feature memory might facilitate
both initial feature selection and later fine-grained
editing [e.g. Frowd, Nelson, et al. 2012; for correct
naming, Exp(B)=2.71: medium effect=~2.50]. The tech-
nique also reduced the odds of a mistaken name
being given, emerging as a small, consistent effect in
the combined analysis by-participants.

In contrast, we predicted that the technique might
benefit EvoFIT construction to a lesser degree. While
consolidated feature-memory might support fine-grained
image editing, it does not assist in the initial whole-face
selection from arrays (e.g. Frowd et al. 2008; Frowd,
Nelson, et al. 2012). Therefore, Experiment 4 did not
contain an ‘early-recall only’ condition. However, when
early recall was implemented alongside holistic recall,
the benefit for correct naming was larger for EvoFIT
than PRO-fit [Exp(B)=2.98; H-Cl compared to ER-H-CI],
while also reducing mistaken identifications compared
to when either technique was used alone for PRO-fit.

For artists’ sketches, early recall again conferred an
advantage, albeit smaller [Exp(B)=1.73: small
effect=~1.50], perhaps because witnesses’ preferentially
direct artists to sketch groups of features rather than
individual features (e.g. Davies and Little 1990; Laughery,
Duval, and Wogalter 1986; though see Kuivaniemi-Smith
2023). Further, sketch composites attracted a signifi-
cantly higher proportion of mistaken names than
PRO-fits or EvoFITs. This suggests that, following early
recall, sketches may accurately represent global feature
shapes (as indicated by likeness ratings) but lack
fine-grained textural information, leading to activation
of related identities during recognition attempts. This
higher retrieval of mistaken versus correct names
accords with models of face space where more generic/
less perceptually distinct faces cluster centrally and can
be simultaneously activated during recognition attempts,
making differentiation between identities difficult (e.g.
Burton, Bruce, and Johnston 1990; Valentine 1991).
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The system-wide benefit of early recall likely does
not solely reflect early enhancement of face memory. If
it did, a face-recall Cognitive Interview conducted soon
after encoding should facilitate subsequent construction
regardless of later recall attempts. However, Brown,
Frowd, and Portch (2017) found no such facilitation
when participant-witnesses recalled the face only once,
at a 3-4hour retention interval, before PRO-fit construc-
tion a day later, without a preceding Cl. Instead, the first
(early) face recall seems to instate a feature-based pro-
cessing style that enhances output during the second
recall immediately before construction. This carry-over
represents the testing effect, explained by Transfer
Appropriate Processing (TAP; e.g. Adesope, Trevisan, and
Sundararajan 2017; Roediger and Karpicke 2006; Yang
et al. 2021). It is unclear whether the strength of this
effect may be impacted when the time between initial
face encoding and test (i.e. initial and subsequent recall
attempts) is differently negotiated (e.g. Odinot and
Wolters 2006; Whitten and Bjork 1977). However, there
is some data available on this issue: In a follow-up study
(Appendix G), delaying early recall to 24hours
post-encoding resulted in a significant but smaller ben-
efit [Exp(B)=2.23] than when early recall occurred after
3-4hours [Experiment 4; Exp(B)=2.98], suggesting a
stronger testing effect at shorter retention intervals.

Correct naming also increased when participants
reflected on the face’s perceived character before con-
struction (holistic recall). The advantage was similar in
magnitude for PRO-fit [Experiment 2; Exp(B)=1.74] and
EvoFIT, when an eye-region focus interview was
adopted [see Skelton et al, 2020; Experiment 4:
Exp(B)=2.02]. Accounting for participant variability, the
cross-experiment effect was small and reliable
by-participants but not by-items using GEE, though
medium [Exp(B)=2.49] when using GLMM (Appendix C).

Following TAP principles, pre-construction holistic
recall may specifically prime recognition, rather than
recall, mechanisms; the two often considered separa-
ble (e.g. Wells and Hryciw 1984). For feature systems,
primed recognition may help witnesses to assess when
the created image resembles the target (e.g. Frowd
et al. 2008, 2015; Frowd, Nelson, et al. 2012). Indeed,
correct naming rates for Experiment 2 indicate that
early and holistic recall manipulations separately and
additively improve PRO-fit effectiveness, although like-
ness ratings suggested some interaction. For holistic
construction, however, holistic recall may play a fur-
ther necessary role when early-recall protocols are
implemented. Here, early-recall may entrench a
feature-processing style that facilitates late construc-
tion activities (i.e. making fine-grained feature edits to
enhance likeness; Frowd, Nelson, et al. 2012), but
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impedes earlier ones, specifically, selection of
whole-faces from arrays that best resemble the target
(e.g. Brown and Lloyd-Jones 2002; Frowd and Fields
2011; MacLin 2002). The benefits of early-recall for
holistic construction may then only be observed when
holistic recall occurs between feature recall and con-
struction. Positioned here it may temporarily recali-
brate witnesses to a more appropriate processing style
(e.g. Schooler and Engstler-Schooler 1990), without
compromising the existence of, or later access to,
recall-consolidated feature memory (Fodarella et al.
2021; Skelton et al. 2020). Supporting this proposal,
results showed higher correct naming and likeness rat-
ings, and lower mistaken naming, for EvoFITs con-
structed using this combined approach (cf. holistic
recall, only; see also Appendix F).

Strengths, limitations and future work

Sample characteristics varied considerably across
experiments, according to age range, gender split,
locality, and sample composition (i.e. university staff-to-
student ratios). While this may be viewed as a limita-
tion, previous similar work suggests that individual
differences within participant-witness and
participant-namer samples typically have little impact
on key experimental outcomes (e.g. Frowd et al. 2015),
particularly when appropriate condition randomisation
has been employed (see Supplementary Materials).
Further, significant fixed effects for correct naming
continued to be returned in a combined by-participants
analysis, when variability across participant-witnesses
was controlled [i.e. by adding participant-witnesses as
a random effect to the model: Exp(B)=2.32]. Our com-
bined analysis also found significant fixed-effects
by-items (Appendix B), despite cross-experimental dif-
ferences in the target pools from which our identities
were drawn, and the specific identities used. This sug-
gests that our findings will generalise to other stimuli
(i.e. real-world identities).

A potentially more relevant limitation was the lack
of participant supervision between target encoding
and face construction. While some participants may
not have thought about the face during this period,
awareness of the upcoming task may have encour-
aged rehearsal. In particular, those who completed
early recall might have intuited that this retrieval
attempt was designed to improve their performance,
and so they may have reviewed and/or replicated their
descriptions before construction. This potential
behavioural variability complicates conclusions about
the utility of a single, specifically-timed self-administered
interview. Future researchers should explicitly track

how often participants intentionally (or spontaneously,
e.g. Turtle and Yuille 1994) thought about the face
and/or reviewed/replicated their descriptions during
the retention interval, and then include this variable as
a moderator in analyses.

We also analysed responses from participant-namers
and -raters using Generalised Linear Mixed-Effects
Models (GLMM; see Appendices C-E). Despite their
decades-long availability (e.g. Agresti et al. 2000),
GLMMs' complexity has limited their adoption (Bolker
et al. 2009). However, when properly applied, they
offer substantial advantages over ANOVA and GEE.
Indeed, by simultaneously adopting a by-participants
and by-items approach, they circumvent the difficulties
of attempting to reconcile these trends when they are
disparate. Like GEE, statistical design remains crucial—
particularly the ability to detect forensically-useful
medium effect sizes for naming with good power. We
evaluate this statistical approach and compare GLMM
to GEE in Appendix D. We conclude that GLMMs' sin-
gle inferential outcome provides greater parsimony
while elegantly accounting for numerous sources of
variance.

Conclusions

This research demonstrates substantial benefits of a
novel technique designed to preserve and consolidate
feature memory across forensically-typical delays. The
method—having witnesses provide written recall
before verbal recall and construction a day later—is
simple to implement without practitioner oversight. It
appears effective across different construction systems
(PRO-fit, Sketch and EvoFIT). Given that these systems
are representative of those used in forensic practice,
we would expect our results to generalise to other fea-
ture and holistic interfaces. Indeed, this proposal is
currently being trialled by six police forces, whereby
investigating officers are requesting witnesses and vic-
tims to write a detailed description of the offender’s
face, with composite construction arranged later with
a practitioner. Moreover, combining early recall with
holistic techniques shows additional benefits for both
feature and holistic composites.

Notes

1. For all experiments, refer to online Supplementary
Materials Section 4.1.1 for details of how the GEE
models were constructed. Note that, for all analyses,
predictors (IVs and their interaction terms) were re-
tained in the model at a<0.1, while a<0.05 was used
for subsequent post-hoc and simple-main effect tests
(e.g. Field, 2018). Also, see Appendix A for more infor-
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mation regarding the by-participants analyses and
Appendix B for complementary analyses by-items.
Appendix C presents analyses instead using Generalised
Linear Mixed-Effects Models (GLMM).

2. Unlike analyses for naming responses, contrasts were
not available in SPSS Version 29 when analysing ordi-
nal (rating) data using GEE, and so we conducted
three separate models to compute Reverse Helmert
contrasts.

3. When less than one, odds ratios [Exp(B)] can be diffi-
cult to interpret, and so it is advisable to standardise
reporting, such as to present the multiplicative inverse,
which we have done here, or to reverse the order of
categories (Osborne 2016). Note that the odds ratio
can also be expressed by taking the exponential of
the absolute value of B, Exp(|B|), a format that is con-
venient for tables (Appendix E).

4.  When an interaction or an IV is removed from a mod-
el, this indicates that the variable does not hold ex-
planatory value for the DV.

5. Note that, to reduce the chance of making a Type I
error, this approach, involving a model containing
both predictors, is preferred over the alternative
(where a combined model is considered if each pre-
dictor is significant in a separate model). For discus-
sion on this issue, see Field (2018), and Reed and Wu
(2013).

6. A follow-up study to Experiment 4 directly assessed
this suggestion (Appendix F). Here the effects of writ-
ten and verbal early recall were compared when both
were followed by holistic recall and EvoFIT construc-
tion. While the effect of early written recall was repli-
cated for correct naming [Exp(B)=2.68: medium ef-
fect=~2.50], early verbal recall exhibited only a small,
non-significant  effect [Exp(B)=1.18: small ef-
fect=~1.50].

7.  We acknowledge that the results would have been
better presented as a series of tables; however, this
format was not possible due to publication constraints.

8.  For brevity, details of the Corrected Model are omitted
for analyses that contain a single predictor since (as is
usual with regression analyses) these details are iden-
tical to those of the predictor itself.
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Appendix A

Additional information for analyses using
Generalised Estimating Equations

To keep the Results’ sections uncluttered, information about the
analyses by-participants for each final model are presented here. See
Appendix B for associated analyses conducted by-items (i.e. for the
identities of the stimuli), and Appendix E for a table of statistical
comparisons.

Experiment 1
Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=390 out of 400).
a. Correct. Information Criteria (QIC=276.6, QICC=280.0) and
Intercept [B=-0.78, SE(B)=0.17].
b.  Mistaken. Information Criteria (Q/IC=504.3, QICC=498.8)
and Intercept [B=-0.87, SE(B)=0.29].

Likeness. Data were analysed for composites for which
participant-raters did not correctly name the corresponding target
photographs (N=635 out of 680). Note that the mean is used here
(and elsewhere in the paper) for likeness ratings as this measure of
central tendency clearly expresses group differences. Unadjusted
means (i.e. scale range 1-15, without recoding): Immediate=5.2,
3-4hours=4.5, 2days=4.3 and 1week=3.8. Threshold rating (scale)
values of B were: 1=-1.51, 2=-0.87, 3=-0.38, 4=0.03, 5=0.40,
6=0.72 and 7=1.13.

Experiment 2
Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=400 out of 400).
a.  Correct. Information Criteria (QIC=496.8, QICC=500.9) and
Intercept [B=-1.40, SE(B)=0.12].
b.  Mistaken. Information Criteria (QIC=400.1, QICC=398.0)
and Intercept [B=-1.74, SE(B)=0.24].

Likeness. Data were analysed for composites for which
participant-raters did not correctly name the corresponding target
photographs (N=708 out of 720). Unadjusted means (without recod-
ing): CI/No Early Recall=2.2, Cl/Early Recall=2.5, H-CI/No Early
Recall=2.1, H-Cl/Early Recall=3.6. Threshold rating values of B
(1=-0.48, 2=0.91, 3=1.75, 4=2.69).

Experiment 3
Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=241 out of 250).
a.  Correct. Information Criteria (Q/IC=326.9, QICC=326.8) and
Intercept [B=-0.64, SE(B)=0.20].
b.  Mistaken. Information Criteria (QIC=335.7, QICC=335.9)
and Intercept [B=-0.09, SE(B)=0.18].

Likeness. Data were analysed for composites for which
participant-raters did not correctly name the corresponding target
photographs (N=358 out of 360). Unadjusted means (i.e. without
recoding): No Early Recall=3.2, Early Recall=3.9. Threshold rating
values of B (1=-1.67, 2=-0.62, 3=0.09, 4=0.93, 5=2.18).

Experiment 4

Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=259 out of 270).

a.  Correct. Information Criteria (QIC=327.9, QICC=332.1) and
Intercept [B=-0. 89, SE(B)=0.15].

b.  Mistaken. Information Criteria (QIC=173.6, QICC=174.3)
and Intercept [B=-1.68, SE(B)=0.28].

Likeness. Data were responses to composites for which
participant-raters did not correctly name the corresponding target pho-
tographs (N=471 out of 540). Unadjusted means: Cl=2.7, H-C|=3.6, ER-H-
Cl=5.1. Intercept [B=-0.99, SE(B)=0.39], Information Criteria (Q/IC=348.3,
QICC=332.3) and Threshold rating values of B (3=1.33, 4=2.77).

Combined analyses
Early recall

Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=817 out of 830).
a.  Correct. Intercept [B=-0.75, SE(B)=0.11] and Information
Criteria (Q/IC=1083.5, QICC=1083.5).
b.  Mistaken. Intercept [B=-0.94, SE(B)=0.11] and Information
Criteria (QIC=920.5, QICC=920.5).

Interview type
Naming. Data were analysed for composites for which
participant-namers correctly named the corresponding target photo-
graphs (N=571 out of 580).
a.  Correct. Intercept [B=-0.86, SE(B)=0.13] and Information
Criteria (QIC=740.9, QICC=740.9).
b.  Mistaken. Intercept [B=-1.72, SE(B)=0.17] and Information
Criteria (QIC=545.2, QICC=545.2).

Appendix B

By-items Generalised Estimating Equations

The GEE analyses presented in the paper follow an established ap-
proach for analysing responses to composites (e.g. Frowd et al.
2013). They assess the effectiveness of constructed composites (via
naming and rated likeness tasks) with respect to participants for the
various Vs under investigation. The approach thus indicates the ex-
tent to which results generalise to other participants. However, to
avoid the risk of making a stimuli-as-a-fixed-effects fallacy (Clark
1973), here we conducted analyses that focused on the individual
items of stimuli, to give a measure of how results generalise to oth-
er identities. Thus, analyses by-items were conducted in the same
way as by-participants. This included an IV or interaction being
maintained in the model if a<.1. We also conducted combined anal-
yses, as before, that included a third important source of random
variation: the effect of participant-witnesses. In the following, due to
space constraints, results are again presented concisely (including
without use of tables); details of the omnibus test are stated first,
followed by relevant post-hoc test(s) and simple-main effects.

For the individual experiments, the analyses by-items presented
here led to the same pattern of significant and non-significant dif-
ferences as by-participants analyses except that, in Experiment 2,
mistaken naming was marginally lower by-items in the omnibus test
(p=.066) following early (cf. no early) recall, while this difference was
not significant by-participants (p=.15). Also, in the Combined
Analyses, results for early (cf. no early) recall were consistent for cor-
rect and mistaken naming, but there were inconsistencies for H-Cl
(cf. Cl), which were significant by-participants but not by-items, pre-
sumably as this predictor emerged with an effect size that was
smaller than the planned medium effect for the analysis.

The authors note that an alternative solution to the potential is-
sue arising from conducting separate by-participant and by-item



analyses are presented in Appendix C, where such inconsistencies
are avoided by using GLMM.

Experiment 1

a.

Correct Naming. Retention Interval was retained in the
model [x,?(3)=20.35, p<.001]. Conducting Reverse
Helmert contrasts revealed that the odds of a correct
response was lower after (i) 3-4hours than immediate
[SE(M)=0.06, p=.008], (ii) 2 days than the shorter (imme-
diate and 3-4hour) delays [SE(M)=0.04, p=.007] and (iii) 1
week than all other delays combined [SE(M)=0.03,
p<.001]. Details of this model were Intercept [B=-0.99,

SE(B)=0.271 and Information Criteria (QIC=294.9,
QICC=280.0).
Mistaken Naming. Retention Interval was retained

,2(3)=18.44, p<.001], and Reverse Helmert contrasts

revealed that the odds of a mistaken response were
higher at 1 week relative to (combined) shorter delays
[SE(M)=0.06. p<.001]; other contrasts were ns (ps>.28).
Intercept [B=-0.89, SE(B)=0.24] and Information Criteria
(QIC=500.6, QICC=498.8).
Likeness Ratings. Retention Interval was again retained in
the model [x,%(3)=10.13, p=.018]. In three separate mod-
els3, lower odds of rated likeness was found for compos-
ites constructed after (i) 3-4hours (marginally) compared
to immediate [B=-0.32, SE(B)=0.18, p=.079] and (i) 1
week than all other delays [B=-0.40, SE(B)=0.16, p=.011];
no difference in odds were found between 2 days and
the shorter (immediate and 3-4hour) delays [B=-0.16,
SE(B)=0.16, p=.32]. Threshold rating values of B (1=-1.53,
2=-0.87, 3=-0.38, 4=0.02, 5=0.39, 6=0.70, 7=1.11).

Experiment 2

a.

Correct Naming. In a full-factorial model, the interaction
was removed [x,%(1)=0.01, p=.916, 1/Exp(B)=1.03]. The
resulting, final model comprised Early Recall [x,%(1)=28.71,
p<.001], with Early Recall>No Early Recall [B=1.00,
SE(B)=0.19, p<.001, Exp(B)=2.71t (1.88, 3.90); and
Interview Type [x,2(1)=9.69, p<.001], with H-CI>CI
[B=0.56, SE(B)=0.18, p=.003, Exp(B)=1.74% (1.23, 2.47)].
For this final model, Intercept [B=-1.40, SE(B)=0.47] and
Information Criteria (QIC=534.7, QICC=500.9).

tFor the avoidance of doubt, this effect size (to two d.p.)

by-items (2.708) is exactly the same as that found by-participants
(2.706).

$For the avoidance of doubt, this effect size (to three d.p.)

by-items (1.741) is exactly the same as that found by-participants
(1.747).

b.

Mistaken Naming. The interaction was removed from the
full-factorial model [x,%(1)=1.40, p=.238, 1/Exp(B)=1.82]3.
In the resulting, final model, both predictors were
retained: Early Recall [x,%(1)=3.40, p=.066], with No Early
Recall marginally>Early Recall [B=0.45 SE(B)=0.24,
Exp(B)=1.56 (0.97, 2.51)]; and Interview Type [x,%(1)=6.66,
p=.010], with H-CI>Cl [B=0.64, SE(B)=0.25, Exp(B)=1.89
(1.17, 3.08)]. Intercept [B=-1.52, SE(B)=0.35] and
Information Criteria (Q/IC=409.5, QICC=396.9).

Likeness Ratings. In a full-factorial model, the interaction
was retained [x,%(1)=27.76, p<.001]; IVs were Interview
Type [x,%(1)=16.65, p<.001] and Early Recall [x,%(1)=67.55,
p<.001]. For the interaction: (i) Early Recall>No Early
Recall at each level of interview (ps < 0.007) but (ii)
H-CI>Cl with Early Recall (p<.001) but not when Early
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Recall was omitted (p=.33). In detail: Early Recall>No
Early Recall: Cl [B=0.42, SE(B)=0.16, p=.007, Exp(B)=1.53
(1.12, 2.08)] and H-ClI [B=1.66, SE(B)=0.19, p<.001,
Exp(B)=5.26 (3.64, 7.58)]. H-CI>Cl: Early Recall [B=1.09,
SE(B)=0.18, p<.001, Exp(B)=2.97 (2.11, 4.18)] and No Early
Recall (ns) [B=-0.15, SE(B)=0.15, p=.33, 1/Exp(B)=1.16
(0.85, 1.57)]. For this model, Threshold rating values of B
(1=-0.50, 2=0.73, 3=1.40, 4=2.24).

Experiment 3

a.

Correct Naming. Early Recall [x,%(1)=5.77, p=.016]: Early
Recall>No Early Recall [B=0.57, SE(B)=0.24, x,2(1)=5.77,
p=.016, Exp(B)=1.76 (1.11, 2.80)]. Intercept [B=-0.68,
SE(B)=0.36] and Information Criteria (QIC=339.5,
QICC=326.8).

Mistaken Naming. Early Recall [x,%(1)=0.55, p=.458]: Thus,
Early Recall was equivalent to No Early Recall [B=-0.17,
SE(B)=0.23, X,’(1)=0.55, 1/Exp(B)=1.19 (0.75, 1.88)].
Intercept [B=-0.06, SE(B)=0.32] and Information Criteria
(QIC=348.7, QICC=335.9).

Likeness Ratings. Early Recall [x,%(1)=14.32, p<.001]: Early
Recall>No Early Recall [B=0.70, SE(B)=0.19, p<.001,
Exp(B)=2.02 (1.40, 2.91)]. Threshold rating values of B
(1=-1.54, 2=-0.56, 3=0.15, 4=0.97, 5=2.12).

Experiment 4

a.

Correct Naming. Interview Type [x,%(2)=38.90, p<.001]:
H-CI>Cl [B=0.78, SE(B)=0.29, p=.008, Exp(B)=2.17 (1.22,
3.87)], ER-H-CI>Cl [B=1.88, SE(B)=0.30, p<.001,
Exp(B)=6.55 (3.61, 11.90)] and ER-H-CI>H-CI [B=1.10,
SE(B)=0.29, p<.001, Exp(B)=3.01 (1.72, 5.27)]. Intercept
[B=-0.99, SE(B)=0.39] and Information Criteria (Q/C=348.3,
QICC=3323).

Mistaken Naming. Interview Type [x,%(2)=6.52, p=.038]:
CI>H-Cl (ns) [B=0.16, SE(B)=0.43, p=.71, Exp(B)=1.17
(0.50, 2.75)], CI>ER-H-CI [B=1.66, SE(B)=0.66, p=.012,
Exp(B)=5.26 (1.44, 19.19)] and H-CI>ER-H-CI [B=1.0,
SE(B)=0.66, p=.024, Exp(B)=4.48 (1.22, 16.47)]. Intercept
[B=-1.69, SE(B)=0.30] and Information Criteria (QIC=174.1,
QICC=174.3).

Likeness Ratings. Interview Type [x,%(2)=167.24, p<.001]:
H-CI>Cl [B=1.48, SE(B)=0.25, p<.001, Exp(B)=4.37 (2.69,
7.11)], ER-H-CI>d [B=3.61, SEB)=0.28, p<.001,
Exp(B)=36.82 (21.16, 64.06)] and ER-H-CI>H-Cl [B=2.13,
SE(B)=0.24, p<.001, Exp(B)=8.40 (5.26, 13.51)]. Threshold
rating values of B (3=1.33, 4=2.78).

Combined analyses
Early recall

a.

Correct Naming. Early Recall was retained [x,%(1)=7.49,
p=.006], with Early Recall higher than No Early Recall with
a medium effect [B=0.86, SE(B)=0.31, Exp(B)=2.36 (1.28,
4.37)]. Intercept [B=-0.75, SE(B)=0.23] and Information
Criteria (QIC=1098.7, QICC=1083.5). This IV was retained
in the model by-participants.

Mistaken Naming. Early Recall was removed from the
model [x,%(1)=1.22, p=.270]. Thus, Early Recall was equiv-
alent to No Early Recall [B=-0.37, SE(B)=0.34,
1/Exp(B)=1.45 (0.75, 2.82)]. Intercept [B=-0.98, SE(B)=0.23]
and Information Criteria (QIC=933.5, QICC=921.3). This IV
was retained in the model by-participants.
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Interview type

a.  Correct naming. Interview Type was greater than alpha
[x,2(1)=2.30, p=.129] and so was removed: H-Cl was
equivalent to Cl [B=0.60, SE(B)=0.39, Exp(B)=1.82 (0.84,
3.94)]. Intercept [B=-1.72, SE(B)=0.34] and Information
Criteria (QIC=549.7, QICC=545.2). This IV was retained in
the model by-participants.

b.  Mistaken Naming. Interview Type was removed from the
model [x,%(1)=1.63, p=.202]: H-Cl was equivalent to Cl
[B=0.41, SE(B)=0.32, Exp(B)=1.51 (0.80, 2.85)]. Intercept
[B=-0.99, SE(B)=0.39] and Information Criteria
(QIC=348.3, QICC=332.3). This IV was retained in the
model by-participants.

Appendix C
Generalised Linear Mixed-Effects Models (GLMM)

Our approach followed the established statistical method for analys-
ing responses to composites using GEE (e.g. Brown, Frowd, and Portch
2017; Frowd et al. 2013; Pitchford, Green, and Frowd 2017). However,
we took this opportunity to conduct the analyses using a similar
approach, GLMM. This method involves a unified model, one that
essentially combines analyses by-participants and by-items. GLMM
are considered best practice for hypothesis testing (Barr et al. 2013).
As elsewhere, results are presented concisely’ (with the results of
the first experiment presented in more detail).

We followed the statistical method described in Erickson et al.
(2024) for GLMM (GENLINMIXED, SPSS Version 29, IBM. 2020, IBM
2021). The approach is same as that described in the current paper for
GEE with respect to scoring, coding, selection of cases and approach.
The main difference between GEE and GLMM is the way in which ran-
dom effects are handled. GEE models responses as being equally cor-
related (using an Exchangeable Working Correlation matrix), averaging
over items in the by-participants analysis, and participants in the
by-items analysis: in contrast, GLMM de-correlates responses by in-
cluding random factors for participants and items. More specifically,
based on available variance in the data, GLMM fits a random intercept
for each participant and for each item, as well as a random slope for
any within-subjects predictors that are included in the model.

There are two points to note. Firstly, models were ‘maximal’ That
is, they included as many random intercepts and random slopes as
indicated by the design. They were then simplified, where random
effects were only retained in the model for which sufficient variance
(0% was available in the data. This approach is best practice (Barr
et al. 2013). Note that is not a problem in itself that a random effect
cannot be estimated; for example, participant-namers are often suf-
ficiently consistent in their responses that random intercepts for this
source of error are not required (cf. items). Overall, this process,
when transforming to the response scale (which we do here), leads
to inference on the subject with zero random effect. Secondly, due
to de-correlation by inclusion of maximal random effects, the cova-
riance type was specified with responses as being independent
(achieved in SPSS by selecting Variance Components).

Since Robust produced either the same or higher SE values, the
same as for GEE, we again selected a Model-based (cf. Robust) set-
ting for the covariance matrix throughout. For SPSS GLMM (vs. GEE),
we note that (i) GLMM provides an overall fit of the model (called a
‘Corrected Model’) (cf. GEE), details of which are included in models
containing more than one predictor?, (ii) F replaces X? and (iii) AIC
and BIC replace QIC and QICC measures for Information Criteria for
naming, but neither measure is available when analysing multinomi-
al responses (e.g. from ratings of likeness).

Based on a comparable design to the current experiments
(Erickson et al. 2024), our expectation was that inferential analyses

would be similar between GEE and GLMM, if not the same—al-
though we note that Random-intercepts-only GLMM (used for nam-
ing analyses here) generalise somewhat worse than separate
by-participants and by-items tests using GEE (Gill and King 2004).
Our expectation turned out to be true for correct naming; it was
also true for mistaken naming, although there was an issue with
model validity in Experiment 4 (see below for ways to reduce this
issue, such as by using GEE or by increasing sample size). In fact,
GLMM were conducted on the simulated correct naming data sets
described in Supplementary Materials Section 4.1.1. The outcome
was very similar: the predictor of interest remained in the model
[p<.001 to .025, Exp(B)=2.57]; SE(B) for the predictor varied from
0.31 to 0.43. Again, all samples were maintained for a=.1, and
1-B>95%.

For the supplementary measure, ratings of likeness, analyses in-
volved adjusted (scale-collapsed) data, as described in the paper.
The outcome of the inferential analyses was basically the same
when random effects were minimal (i.e. when including random in-
tercepts only), but most effects did not emerge (as the relevant pre-
dictor was removed from the model) when random effects were
maximal (i.e. when also including random slopes). This effect was
observed by Erickson et al. (2024). Adding random slopes provides a
more accurate model, but this outcome suggests that a larger sam-
ple size is necessary to accommodate higher emerging SE when an-
alysing ordinal-level responses. Indeed, the anticipated advantage of
increased sample size is illustrated below in the combined analyses.

Experiment 1
Correct naming

The (GLMM) model contained Retention Interval [F(3,386)=7.52,
p<.001] as a fixed effect (IV); there was sufficient variability to in-
clude random intercepts for items (0°=0.64, SE=0.46) but not (due
to consistent responses between participant-namers) random inter-
cepts for participant-namers (0°=0.0). Other details for this model
were Overall Correct Classification (86.9%), Intercept [B=-1.08,
SE(B)=0.35] and Information Criteria (AICC=2108.7, BIC=2112.7).

Unlike GEE, Reverse Helmert contrasts for GLMM are not avail-
able in SPSS and so these post-hoc tests were specified using a
dummy-coded variable in three separate models for Retention
Interval. Using this approach, the odds of a correct response to com-
posites was worse after (i) 3-4hours than the previous (immediate)
delay [p=.016, SE(B)=0.39, 1/Exp(B)=2.60]3, (ii) 2days than the previ-
ous (immediate and 3-4hour) delays [p=.016, SE(B)=0.40,
1/Exp(B)=2.70] and (iii) 1week than all previous delays [p=.003,
SE(B)=0.61, 1/Exp(B)=6.41].

Mistaken naming

The model retained Retention Interval [F(3,386)=6.11, p<.001]; the
same as for correct naming, it contained random intercepts for
items (0°=0.10, SE=0.11) only; other details were Overall Correct
Classification  (67.2%), Intercept [B=-0.90, SE(B)=0.25] and
Information Criteria (AICC=1711.2, BIC=1715.1).

Reverse Helmert contrasts indicated that the odds of a mistaken
response was higher for composites constructed at 1week relative
to (combined) previous delays [SE=0.35. p<.003, Exp(B)=2.81]; other
contrasts were ns (ps>.39).

Likeness ratings

The model contained Retention Interval [F(3,625)=5.46, p=.001]; see
below for details of random effects. As before, simulating Reverse
Helmet contrasts?, the odds of rated likeness after (i) 3-4hours was
lower than the previous (immediate) delay [B=-0.43, SE(B)=0.20,
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p=.035], (i) 2days was equivalent to the previous (immediate and
3-4hour) delays [B=-0.25, SE(B)=0.18, p=.15], and (iii) 1week was
lower than all previous delays [B=-0.53, SE(B)=0.17, p=.002]. Other
details for this model were Threshold rating values of B (1=-1.84,
2=-1.04,3=-0.42, 4=0.08, 5=0.55, 6=0.93, 7=1.42) and Information
Criteria (AICC=10493.1, BIC=10501.9).

This model contained random intercepts for participant-raters
(0°=0.73, SE=0.29) and items (0°=0.69, SE=0.35). However, when
random slopes for items were included, to give a maximal random
effects’ model, Retention Interval was removed each time: immediate
and 3-4hour [B=-0.45, SE(B)=0.35, p=.194], 2days to combined
previous intervals [B=-0.32, SE(B)=0.37, p=.388] and 1week to all
previous delays [B=-0.51, SE(B)=0.42, p=.222]. (This outcome, as
observed by Erickson et al. 2024, is mentioned above.)

Experiment 2
Correct naming

The interaction (p=1.0, 1/Exp(B)=3.02) in a full-factorial model
emerged greater than alpha and was removed. The subsequent, final
model [F(2, 397)=17.67, p<.001] comprised both Early Recall
[F(1,397)=28.83, p<.001], with Early Recall>No Early Recall [B=1.52,
SE(B)=0.28, Exp(B)=4.57 (262, 7.96); and Interview Type
[F(1,397)=9.67, p=.002], with H-CI>Cl [B=0.84, SE(B)=0.27,
Exp(B)=2.33 (1.36, 3.97)]. This model contained random intercepts
for items (0°=3.33, SE=1.74) only; other model details were Overall
Correct Classification (82.5%), Intercept [B=-2.12, SE(B)=0.64] and
Information Criteria (AICC=2063.9, BIC=2067.9).

Mistaken naming

As for Correct Naming, the interaction in a full-factorial model was
removed (p=.366, 1/Exp(B)=1.93). The subsequent model contained
Interview Type (p=.031) and Early Recall [p=.146, 1/Exp(B)=1.68],
with the latter emerging greater than alpha, and was removed. The
final model comprised Interview Type only [F(1, 398)=4.44, p=.036],
with H-CI>Cl [B=0.76, SE(B)=0.36, Exp(B)=2.13 (1.05, 4.31)]. The
model contained random intercepts for both participant-namers
(0°=0.51, SE=0.28) and items (0°=0.91, SE=0.53); other details were
Overall Correct Classification (84.0%), Intercept [B=-2.04, SE(B)=0.41]
and Information Criteria (AICC=1967.4, BIC=1975.3).

Likeness ratings
The initial, factorial model retained the interaction [F(1,701)=41.82,
p<.001]; IVs were Early Recall [F(1,701)=30.04, p<.001] and Interview
Type [F(1,701)=91.72, p<.001]. The interaction, assessed by Fixed
Coefficients, revealed that Early Recall was greater than No Early
Recall following both ClI [B=0.48, SE(B)=0.20, p=.015, Exp(B)=1.62
(1.10, 2.40)] and H-Cl [B=2.35, SE(B)=0.21, p<.001, Exp(B)=10.49
(6.87, 15.98)]; H-CI was greater than Cl following early recall [B=1.72,
SE(B)=0.21, p<.001, Exp(B)=5.58 (3.73, 8.35)], but there was no dif-
ference without early recall [B=-0.15, SE(B)=0.20, p=.47,
1/Exp(B)=1.16 (0.78, 1.72)]. This (final) model included random inter-
cepts for items (0?=1.90, SE=0.93) only; Threshold rating values of B
(1=-0.80, 2=0.99, 3=2.12, 4=3.35) and Information Criteria
(AICC=9934.4, BIC=9939.0). These tests support the results by GEE.
Next, random slopes were added, to give a maximal random ef-
fects’ model (incl. random slopes for Early Recall for participant-raters
and items, Interview Type and the interaction for items, and random
intercepts for participant-raters and items). The interaction was re-
tained in the model (p=.008), and two of the comparisons still influ-
enced the DV: the benefit of (i) Early Recall following H-Cl [p=.004,
SE(B)=1.55], and (ii) Interview following Early Recall [p<.001,
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SE(B)=0.99]; however, there was no longer a benefit of Early Recall
following Cl [p=.51, SE(B)=1.54]. Similar to Experiment 1, adding
random slopes increases SE, reduces statistical power but does give
a more accurate account.

Experiment 3
Correct naming

The GLMM retained Early Recall [F(1,239)=3.75, p=.054]: Early Recall
marginally>No Early Recall [B=0.73, SE(B)=0.38, Exp(B)=2.07 (0.99,
4.35)]. It contained random intercepts for participant-namers
(0°=0.31, SE=0.26) and items (0?=1.72, SE=0.98); other details were
Overall Correct Classification (78.8%), Intercept [B=-0.93, SE(B)=0.50]
and Information Criteria (AICC=1109.3, BIC=1116.2).

Mistaken naming

Early Recall was removed [F(1,239)=0.46, p=.497]. This means that
Early Recall was equivalent to No Early Recall [B=-0.21, SE(B)=0.31,
1/Exp(B)=1.24 (0.67, 2.28)]. The model contained random intercepts
for participant-namers (0°=0.10, SE=0.18) and items (c?°=1.06,
SE=0.61); other details were Overall Correct Classification (71.4%),
Intercept  [B=-0.06, SE(B)=0.40] and Information Criteria
(AICC=1075.2, BIC=1082.1).

Likeness ratings

The model comprised Early Recall [F(1,352)=20.27, p<.001], with
Early Recall>No Early Recall [B=0.87, p<.001, SE(B)=0.19,
Exp(B)=2.37 (1.63, 3.47)]. This model contained random intercepts
for both participant-raters (06°=0.79, SE=0.33) and items (0°=0.39,
SE=0.23); other details were threshold rating values of B (1=-1.67,
2=-0.50, 3=0.35, 4=1.35, 5=2.80) and Information Criteria
(AICC=5437.8, BIC=5445.5). A subsequent model with maximal ran-
dom effects (incl. both random slopes for items and random inter-
cepts for participant-raters) found that the odds of rated likeness
was only marginally higher for Early Recall [p=.10, SE(B)=0.62,
Exp(B)=2.78 (0.999, 7.71)].

Experiment 4

a. Correct Naming. The model comprised Interview Type
[F(2,256)=17.84, p<.001]. Fixed Coefficients revealed dif-
ferences in odds: H-CI>Cl [B=0.93, SE(B)=0.36, p=.010,
Exp(B)=2.54 (1.25, 5.16)], ER-H-CI>Cl [B=2.37, SE(B)=0.40,
p<.001, Exp(B)=10.67 (4.87, 23.39)], and ER-H-CI>H-Cl
[B=1.44, SE(B)=0.37, p<.001, Exp(B)=4.20 (2.02, 8.75)].
The model contained random intercepts for items
(0°=1.83, SE=1.04) only; other details were Overall Correct
Classification (84.9%), Intercept [B=-1.27, SE(B)=0.51] and
Information Criteria (AICC=1237.3, BIC=1240.8).

b.  Mistaken Naming. The model contained Interview Type
[F(2,256)=2.57, p=.078]. The variance of random inter-
cepts was zero for participant-namers (0°=0.0) and items
(0°=0.0); other details were Overall Correct Classification
(89.2%), Intercept [B=-1.68, SE(B)=0.30] and Information
Criteria (AICC=1340.2, BIC=1347.2).

Inability to estimate any random effects (here, random in-
tercepts for  both  participant-namers  and  items)
produced a model where the Hessian matrix is not positive defi-
nite—that is, it does not converge properly and its validity is
uncertain. See Gill and King (2004) for a discussion on this is-
sue. This situation has arisen since mistaken observations were
infrequent (N=3) for composites created in the best condition
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of the experiment (ER-H-Cl), presumably as these images were
constructed very accurately. The consequence was insufficient
variability for the model to be able to estimate either random
effects. Solutions to this issue include collecting more data (re-
sulting in an increase in total event responses in ER-H-CI), col-
lapsing over conditions (to increase total event responses in
the combined category), or to use a generalised-linear but not
mixed models (as the random effect of participant responses
are taken into account by collapsing over participants or items),
as done elsewhere (using GEE) in the paper.

C.

Likeness Ratings The model included Interview Type
[F(2,467)=87.46, p<.001]: H-CI>Cl [B=1.52, SE(B)=0.25,
p<.001, Exp(B)=4.56 (2.79, 7.47)], ER-H-CI>Cl [B=3.73,
SE(B)=0.29, p<.001, Exp(B)=41.56 (23.71, 72.87)] and
ER-H-CI>H-Cl [B=2.21, SE(B)=0.24, p<.001, Exp(B)=9.11
(5.66, 14.66)]. This model contained random intercepts for
both participant-raters (0°=0.26, SE=0.15) and items
(0°=0.02, SE=0.05) (i.e. the variance of random slopes
was zero); other details were Threshold rating values of B
(3=1.37, 4=2.87) and Information Criteria (AICC=3568.4,
BIC=3576.6).

Combined analyses

Each of the following models followed the procedure described in
the main paper. Initial models contained random intercepts for
participant-witnesses, participant-namers, items (stimuli) and experi-
ment; the final model contained random effects for which sufficient
variance could be estimated from the data.

Early recall

a.

Correct Naming. The model comprised Early Recall
[F(1,815)=11.73, p<.001], with Early Recall>No Early Recall
with an overall medium effect size [B=1.14, SE(B)=0.33,
Exp(B)=3.14 (1.63, 6.06)]. This model contained random
intercepts for participant-witnesses (0°=1.45, SE=0.42),
items (0°=1.52, SE=0.71) and experiments (0°=0.29,
SE=0.45); other details were Overall Correct Classification
(81.9%), Intercept [B=-1.00, SE(B)=0.48] and Information
Criteria (AICC=3896.2, BIC=3910.3).

Mistaken Naming. Early Recall was retained [F(1,815)=3.60,
p=.058]: No Early Recall marginally>Early Recall with an
overall small effect size [B=0.57, SE(B)=0.30, Exp(B)=1.77
(0.98, 3.20)]. It contained random intercepts for participant-
witnesses (6?=0.71, SE=0.27), participant-namers (0°=0.25,
SE=0.15), items (0°=0.59, SE=0.34) and experiments
(0°=1.43, SE=153); other details were Overall Correct
Classification (84.0%), Intercept [B=-1.19, SE(B)=0.74] and
Information Criteria (AICC=3949.2, BIC=3968.0).

Interview type

a.

Correct Naming. The model contained Interview Type
[F(1,569)=4.42, p=.036]: H-Cl>Cl with an overall medium
effect size [B=0.91, SE(B)=0.43, Exp(B)=2.49 (1.06, 5.85)].
It contained random intercepts for participant-witnesses
(02=1.81, SE=0.60) and items (0?=1.82, SE=0.92); other
details were Overall Correct Classification (83.9%),
Intercept [B=-1.36, SE(B)=0.44] and Information Criteria
(AICC=2779.2, BIC=2787.9).

Mistaken Naming. Interview Type [F(1,569)=1.38, p=.241,
Exp(B)=1.45] was not retained in the model. Thus, H-ClI
was equivalent to Cl [B=0.37, SE(B)=0.32, Exp(B)=1.45
(0.78, 2.71)]. The model contained random intercepts for
participant-witnesses (0°=0.37, SE=0.25), participant-

namers (0°=0.29, SE=0.19) and items (02=0.50, SE=0.30);
other details were Overall Correct Classification (84.6%),
Intercept [B=-1.88, SE(B)=0.28] and Information Criteria
(AICC=2745.6, BIC=2758.6).

Likeness Ratings. In the previous analyses, power was suf-
ficient for analyses of correct naming and, with the excep-
tion of Experiment 2, mistaken naming. In this part, to
increase unexpected low statistical power, we also con-
ducted GLMM analyses for likeness ratings across experi-
ments. This proceeded for predictors Early Recall (for
Experiments 2-3, and then 2-4) and Interview Type
(Experiments 2 and 4). We followed the same procedure
as described above, including use of condensed rating
scales, and presenting the model with maximal random
effects. The only notable change was that models could
now include random intercepts for experiments. In each
of the following analyses of combined data, it is apparent
that doubling the sample size allowed both predictors to
emerge significant. As for analyses of combined naming,
GLMMs also included random intercepts for participant-
witnesses.

Early recall (early recall vs. no early recall)

a.

Experiments 2-3. The model contained Early Recall
[F(1,17060)=6.31, p=.012]: Early Recall>No Early Recall
[B=1.14, SE(B)=0.56, Exp(B)=4.11 (1.36, 12.38)]. The model
contained random intercepts for participant-raters (0°=0.89,
SE=0.26), items (0°=0.06, SE=0.75) and experiments
(0°=1.47, SE=2.38), and random slopes for Early Recall for
items (02=3.00, SE=1.04); other details were Threshold rat-
ing values of B (1=-1.75, 2=0.19, 3=1.52, 4=2.85, 5=5.32)
and Information Criteria (AICC=23717.2, BIC=23737.0).
Experiments 2-4. The model comprised Early Recall
[F(1,1374)=14.49, p<.001]: Early Recall>No Early Recall
[B=1.57, SE(B)=0.41, Exp(B)=4.83 (2.15, 10.87)]. It con-
tained random intercepts for participant-raters (0°=0.76,
SE=0.19), items (0°=0.07, SE=0.49) and experiments
(0°=2.26, SE=2.44), and random slopes for Early Recall for
items (0°=2.37, SE=0.67); other details were Threshold
rating values of B (1=-2.55, 2=-0.65, 3=0.99, 4=237,
5=5.60) and Information Criteria (AICC=34477.5,
BIC=34498.4).

Interview type (H-Cl vs. Cl)

a.

Experiments 2 and 4. The model contained Interview Type
[F(1,1017)=12.25, p<.001]: H-CI>Cl [B=0.82, SE(B)=0.24,
Exp(B)=2.28 (1.44, 3.62)]. It contained random intercepts
for items (0?=0.95, SE=0.41) and experiments (0?°=1.48,
SE=2.27), and random slopes for Interview for items
(0°=0.40, SE=0.17); other details were Threshold rating
values of B (1=-2.03, 2=-0.45, 3=1.78, 4=2.69) and
Information Criteria (AICC=14602.9, BIC=14617.7).

Appendix D

Discussion on statistical power, approach and

GLMM

Regarding statistical approach and power, experiments were de-
signed (see Supplementary Materials Sections 4.1.1-4.1.2) to be able
to detect a practically-useful medium effect [Exp(B) = 2.5] by analysis
using GEE. Given concern over reduced power when including ran-
dom effects for participant-witnesses, analyses for correct naming
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took this random effect into account in a combined analysis across
experiments. The approach was effective.

We have since re-run the analyses for each experiment including
random intercepts for participant-witnesses. The exercise revealed, as
early recall emerged as a medium effect, the same pattern of signif-
icant (Experiment 2) or marginally-significant (Experiment 4, see be-
low) results. There were inconsistent results (i.e. between
by-participants and by-items analyses) as the effect size was small
for Early Recall in Experiment 3, and Interview Type in both Experiment
2 and the combined analysis. Therefore, sample size had been esti-
mated appropriately. We note, though, that, when including random
intercepts for participant-witnesses, the marginally-significant result
in Experiment 4 (H-CI>Cl, p=.08) was a consequence of the alpha
used for the post-hoc tests; these require a=.05 (cf. a=.1 to retain
predictors in a Model), and so a larger sample would have been ap-
propriate for this experiment—an estimated increase of 58 respons-
es, or three more participant-namers per group.

Participant-namer responses were also analysed using Generalised
Linear Mixed-Effects Models (Appendices C and E). GLMM is gaining
popularity in Psychology (Meteyard and Davies 2020), and has been
used to analyse data from a single-experiment composite paper by
Erickson et al. (2024). As a unified model, GLMM has the advantage
that a single conclusion can be readily made, unlike GEE. In fact, in
Experiment 2, inferential results for GEE turned out to be inconsis-
tent: following early (cf. no early) recall, the odds of a mistaken
name were marginally lower by-items (p=.066), but not significant
by-participants (p=.15): by GLMM, this predictor was removed from
the model (p=.17), indicating a non-significant effect. Also, in the
combined analyses, while GEE led to consistent results for Early
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Recall, this was not the case for Interview Type (as the size of the
effect was smaller than that planned). Overall, the outcome of
GLMM supported the significant and non-significant findings from
GEE for the primary DV, correct naming. Results were also consistent
by mistaken naming, except that there were insufficient data for
mistaken naming in Experiment 4, a situation that presumably has
occurred as the composites were very accurate in the best condi-
tion, generating infrequent mistaken names. This situation is readily
overcome for either type of analysis, such as by collecting more data
or collapsing over conditions (Gill and King 2004). We note that in-
cluding a random effect of participant-witness in the individual ex-
periments based on a medium effect size led to the same conclu-
sions as GEE (as discussed in the previous paragraph). For likeness
ratings, considerable increase in SE occurred when random slopes
were included in the random effects’ model, and analyses were
shown to benefit from doubling the sample size. So, taking into ac-
count the requirement of a greater sample size for analysing like-
ness ratings, the single inferential outcome provided by GLMM (cf.
GEE) suggests greater utility.

Appendix E

Comparison of analyses for naming and likeness
for GEE (by-participants and by-items) and GLMM
The following table compares the main inferential statistics conduct-

ed for the three methods of analyses by experiment (Expt) and DV
(Task) (Table 15).

Table 15. Comparison of analyses for naming rates and likeness ratings for GEE (by-participants and by-items) and GLMM, by

experiment (Expt) and dependent variable (Task).

GEE (by-participants) GEE (by-items) GLMM

Expt Task Predictor X2 p SE  ExpB) X, p SE  Exp(B) F p SE  Exp(B)
1 Correct naming  Retention interval 39.13  <.001 - - 2035 <.001 - - 752  <.001 - -
1 Correct naming  First contrast - <.001 0.04 2.67 - .008 006 263 3.20 .016  0.40 2.60
2 Correct naming  Early recall 61.51 <001 0.13 271 2871 <001 0.9 271 28.83 <.001 0.28 4.57
2 Correct naming  Interview type 1936  <.001 0.13 1.74 9.69 <.001 018 174 9.67 .002 0.27 233
3 Correct naming  Early recall 4.08 .043 027 1.73 577 016 0.24 1.76 3.75 .054 0.38 2.07
4 Correct naming  Interview type 80.03 <.001 - - 3890 <.001 - - 17.84 <.001 - -
4 Correct naming  ER-H-CI>H-C - <.001 0.18 298 - <.001 0.29 3.01 - <001 037 4.20
4 Correct naming  H-CI>Cl - <001 0.19 2.02 - .008 029 217 - .010 0.36 2.54
2-4 Correct naming Early recall 33.67 <001 0.15 232 7.49 .006  0.31 236 1173 <.001 033 3.14
2+4 Correct naming Interview type 1093  <.001 0.18 1.79 2.30 130 039 1.82 4.42 036 043 2.49
1 Mistaken naming Retention interval 10.80 013 - - 18.44  <.001 - - 6.11 <.001 - -
1 Mistaken naming First contrast - 750 0.08 - - 710 0.06 - - 710 0.32 -
2 Mistaken naming Early recall 2.07 150 0.31 1.561 3.40 066 024 156"  1.88 170 0.36 1.64t
2 Mistaken naming Interview type 4.05 .044 032 1.89 6.66 010 025 1.89 4.44 .036 0.36 213
3 Mistaken naming Early recall 0.41 410 - - 0.55 460 - - 0.46 500 - -
4 Mistaken naming Interview type 7.47 024 - - 6.52 .038 - - 2.57% .078 - -
4 Mistaken naming H-Cl>ER-H-Cl - .016  0.62 4.45 - 024 066 448 - 013  0.53 2.26
4 Mistaken naming CI>ER H-Cl - .007 062 5.26 - 012 066 526 - .027  0.58 3.62
2-4 Mistaken naming Early recall 3.98 .046  0.15 1.38t 1.22 270 034 1.45% 3.60 .058 0.30 1.77t
2+4 Mistaken naming Interview type 3.78 052 022 1.53 1.63 200 032 1.51 1.38 240  0.32 1.45
1 Likeness rating  Retention interval 12.36 006 - - 10.13 018 - - 1.26 290 - -
1 Likeness rating  First contrast - .085 0.8 137 - 079 018 138 - 190 035 157
2 Likeness rating  Early recall 65.31 <.001 - - 67.55 <.001 - - 3.76 .053 - -
2 Likeness rating  Early recall: Cl - 005 0.19 172 - 007 016 153 - 510 1.54 2.78
2 Likeness rating  Early recall H-CI - <.001 0.20 5.49 - <001 019 526 - .004 1.55 833
2 Likeness rating  Interview type 1794  <.001 - - 16.65 <.001 - - 4.50 .053 - -
2 Likeness rating  Interview: Early recall - <.001 0.19 3.18 - <.001 018 297 - <001 099 27.03
3 Likeness rating  Early recall 1593 <001 0.17 1.99 1432 <001 0.9 202 3.65 .056  0.92 5.81
4 Likeness rating  Interview type 166.13 <.001 - - 3890 <.001 - - 87.46 <.001 - -
4 Likeness rating  H-CI>Cl - <.001 0.24 439 - <001 022 428 - <.001 0.25 4.56
4 Likeness rating  ER-H-CI>H-CI - <.001 0.24 840 - <001 024 847 - <.001 0.24 9.09

*For ease of interpretation, as it is better for this measure of effect size to be greater than 1.0 (Osborne 2016), the value is expressed as the exponential
of the absolute value of B [similar to 1/Exp(B), as used in the paper]. In these cases, Early Recall leads to lower mistaken composite naming than No

Early Recall.

“Model is not considered valid (since no random effects were able to be estimated); GEE is advised as an alternative technique for analysing this data set

(see Appendix C).
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Appendix F

Follow-up experiment involving early verbal recall

We followed the same basic design and procedure as that described
in Experiment 4, with Interview Type comprising No Early Recall, Early
Written Recall (EWR) and Early Verbal Recall (EVR). Participant-witnesses
were asked to freely recall the face 3-4 hr after encoding either (i) for
EWR, in written format (as done in the experiments so far) or (ii) for
EVR, verbally, to the researcher (as in Brown, Frowd, and Portch
2017). Materials were 10 characters from Coronation Street, as used
in Experiment 2. All 30 participant-witnesses (12 female, 18 male;
Age: 18-56, M=29.4, SD=13.0years) received an H-Cl prior to EvoFIT
face construction, administered 20-28 hours after encoding a single
target face. Composite naming was conducted by 63
participant-namers (29 female, 34 male; Age: 18-56, M=30.8,
SD=12.9years). Participant-witnesses and -namers were opportunity
sampled from staff, students, and members of the public (and cod-
ing for these random variables, along with for items, were included
in the analyses).

For correct naming, GEE, by-participants, retained Interview Type
(1=H-Cl, 2=EWR+H-Cl, 3=EVR+H-Cl) [x,(2)=11.31, p=.004]. Relative
to No Early Recall, while Early Written Recall led to odds of a correct
response that was higher [p=.002, Exp(B)=2.68], composite naming
did not benefit from Early Verbal Recall [p=.63, Exp(B)=1.18]. Model
parameters: Intercept [B=-1.11, SE(B)=0.25] and Information Criteria
(QIC=790.7, QICC=782.4). For mistaken naming, with respect to No
Early Recall, while means were somewhat lower for both EWR
(MD=10.1%) and EVR (MD=13.5%), Interview Type was not retained
in the model [x,%(2)=2.38, p=.304, 1/Exp(B)=1.52—1.76].

GEE By-items: The conclusions reached were the same. For cor-
rect naming, the model retained Interview Type [x,2(2)=29.13,
p<.001]: Early Written Recall>No Early Recall [p<.001, Exp(B)=2.68]
and Early Verbal Recall=No Early Recall [p=.43, Exp(B)=1.18].
Intercept [B=-1.11, SE(B)=0.28] and Information Criteria (Q/C=798.8,
QICC=782.4). For mistaken naming, Interview Type was retained
[x,2(2)=8.84, p=.012]: No Early Recall>Early Written Recall
[Exp(B)=1.52, p=.037] and No Early Recall>Early Verbal Recall
[Exp(B)=1.76, p=.004].

GLMM: Conclusions were also the same. For correct naming,
Interview Type was retained [x,%(2,627)=5.45, p=.004]: Early Written
Recall>No Early Recall [p=.003, Exp(B)=3.57] and Early Verbal
Recall=No Early Recall [p=.69, Exp(B)=1.19]. The model contained
random intercepts for participant-witnesses (0°=1.27, SE=0.37) and
items (02=1.21, SE=0.67). Other model details were Overall Correct
Classification  (83.5%), Intercept [B=-1.48, SE(B)=0.47] and
Information Criteria (AICC=3017.6, BIC=3026.5). For mistaken nam-
ing, Interview Type was not retained in the model [x,%(2,627)=1.12,
p=.328, 1/Exp(B)=1.68—1.94].

Appendix G

Early verbal recall following longer retention

We tested the suggestion that early written recall would still be ef-
fective after a longer, nominal 24-hour (cf. 3-4 hour previously) reten-

tion interval, with all participant-witnesses constructing composites
48-hours after encoding. Two factors were manipulated, Early Recall
(0=No Early Recall, 7=Early Written Recall) and Interview Type (0=Cl,
1=H-Cl), in a 2x2 between-subjects full-factorial design. Both fac-
tors were implemented as described in the paper. The target identi-
ties were 10 male footballers playing at international level in the UK.
Face construction was carried out by 40 participant-witnesses (12
female, 28 male; Age: 18-75, M=30.0, SD=14.4years). Following ran-
domisation, half of these participants were given the instruction, as
before, to write down a detailed description of the face (inde-
pendently, 20-28 hours after encoding). All participants constructed
the face using EvoFIT between 44 and 52hours after encoding, fol-
lowing a Cl or an H-Cl. Composite face construction was carried out
remotely, using a self-directed procedure where participants fol-
lowed instructions presented on the computer screen. Composite
naming was also carried out remotely, by 44 participants, with equal
sampling (9 female, 35 male; Age: 18-62, M=31.0, SD=11.8years).
Participant-witnesses and -namers were an opportunity sample com-
prising students at the University of Lancashire and members of the
public. As before, participant-witnesses and -namers were included
as random effects, along with items, in all analyses. All three analy-
ses produced the same pattern of significant, marginal and
non-significant differences.

For correct naming, in a full factorial model, GEE, by-participants,
the interaction [p=.668, 1/Exp(B)=1.22], was greater than alpha and
was removed. The resulting, final model comprised Early Recall
x¥%(1)=12.64, p<.001], as Early Written Recall>No Early Recall
[Exp(B)=2.23], and H-CI>Cl [Exp(B)=1.86]. Other model details were
Intercept [B=-1.75, SE(B)=0.22] and Information Criteria (QIC=492.4,
QICC=492.4). For mistaken naming, the interaction [p=.337,
Exp(B)=1.51] was removed from the model, as were both Vs when
tested together in the subsequent model [ps>.19, 1/Exp(B)=1.11-
1.32].

GEE By-items: For correct naming, the interaction in a full-factorial
model was removed [p=.777, 1/Exp(B)=1.21]. The resulting model
contained Early Recall [x?(1)=6.25, p=.015] with a benefit for early
recall [Exp(B)=2.23]; and Interview Type [x’(1)=3.74, p=.057] with a
marginal benefit for H-Cl [Exp(B)=1.86]; Intercept [B=-1.76,
SE(B)=0.32] and Information Criteria (QIC=499.6, QICC=496.4). For
mistaken naming, the interaction [p=.432, Exp(B)=1.51] was re-
moved in the full-factorial model, as were both individual predictors
tested together in the subsequent model [ps>.29, 1/Exp(B)=1.11-
1.32].

GLMM: For correct naming, in a full-factorial model, the interac-
tion [p=.774, 1/Exp(B)=1.21] was greater than alpha and was re-
moved. The resulting, final model retained both Early Recall [F(1,
430)=6.73, p=.010] and Interview Type [F(1, 430)=4.37, p=.0371:
Early Written Recall>No Early Recall [Exp(B)=2.29], and H-CI>Cl
[Exp(B)=1.95]. The final model included random intercepts for
participant-witnesses (0°=0.43, SE=0.27) and items (0?=0.46,
SE=0.38). Other details were Overall model [F(2,430)=5.30, p=.005],
Overall Correct Classification (78.3%), Intercept [B=-1.88, SE(B)=0.37]
and Information Criteria (AICC=2011.9, BIC=2020.0). For mistaken
naming, the interaction [p=.432, Exp(B)=1.49] was removed; both
individual predictors were also removed when tested together in the
subsequent model [ps>.23, 1/Exp(B)=1.12-1.34].
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