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Relative judgement in absolute identification

Abstract
A variety of processes have been put forward tdaex@bsolute identification performance.
One difference between current models of absotigrtification is the extent to which the
task involves accessing stored representatioranmpterm memory (e.g., exemplars in
memory, Kent & Lamberts, 2005) or relative judgem(comparison of the current stimulus
to the stimulus on the previous trial, Stewart,v&no% Chater, 2005). In two experiments we
explored this by tapping into these processesxpeEment 1 participants completed an
absolute identification task using eight line ldrggivhereby a single stimulus was presented
on each trial for identification. They also complgia matching task aimed at mirroring
exemplar comparison in which eight line lengthsen@resented in a circular array and the
task was to report which of these matched a tamgestented centrally. Experiment 2 was a
relative judgement task and was similar to Expenitrieexcept that the task was to report the
difference (jump-size) between the current stimalad that on the previous trial. The
absolute identification and matching data showedrcsimilarities (faster and more accurate
responding for stimuli near the edges of the raargksimilar stimulus-response confusions).
In contrast relative judgment performance was goggesting relative judgement is not
straightforward. Moreover, performance as a fumctbjump-size differed considerably
between the relative judgement and absolute ideatibn tasks. Similarly, in the relative
judgement task, predicting correct stimulus idécdiion based on successful relative
judgement yielded the reverse pattern of perforreaiiserved in the absolute identification
task. Overall the data suggest that relative judigd@rdoes not underlie absolute identification

and that the task is more likely reliant on an eglamcomparison process.
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Absolute identification is a simple task in whiclultiple stimuli (N > 2) vary along a single
psychophysical dimension (e.g., line length). Estomulus is paired with a numerical label
referring to its rank magnitude in the set. On daiglh a stimulus is presented and the task is
to respond with its label. Correct feedback is ttygmcally given. Absolute identification was
first examined by Cohn (1900; for an early histeeg Wever & Zener, 1928) and has
remained of interest due to the surprisingly sepertormance limitations participants
experience when N > 5 (e.g., Cowan, 2001; Mill&58) and because the simple nature of
the task means that the processes involved ie llileely to underlie many other cognitive
tasks (Brown et al, 2008, 2009; Dodds et al, 2020&1b; Donkin et al, 2009; Guest, Kent &

Adelman, 2010, 2015; Matthews & Stewart, 2009; ate& Matthews, 2009).

There are a wide range of robust effects in absatlgntification in terms of choice and
response time (RT). Extensive reviews of theseyaen elsewhere (Brown et al 2008;
Donkin et al, 2015; Lacouture, 1997; Stewart, Brdv@hater, 2005) but the standard
effects that have informed modelling include thikofeing. Performance improvements (in
accuracy and RT) are observed for stimuli neareetltges of the range (the bow effect)Nas
reduces (the set size effect; Kent & Lamberts, 2086outure & Marley, 2004) and as the
spacing between stimuli increases (the spacingte#eg., Stewart, Brown & Chater, 2005).
Reducing the stimulus range increases accuracgédrafiect; Lockhead & Hinson, 1986)
and as\ increases the amount of information that can leel @asymptotes at just over two
bits of information (information transmission limiarner, 1953, Pollack, 1952). Sequential
effects (e.g., Ward & Lockhead, 1970) typically nfest as: i) assimilation, responses to the
stimulus on the current trial tend to be more samid the stimulus on the previous trial and

i) contrast, responses to the stimulus on theeturtrial tend to be less similar to the stimulus
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shown two trials back than would be expected dushémce, with the effect lasting for up to

five trials back .

A number of detailed mathematical models have loeseloped to account for these effects
that differ markedly in the underlying processepdtiiesised (see Donkin et al., 2015, for a
review). One of the key differences, and the famuhis paper, is the assumption regarding
what is represented in the task. Exemplar modsisnas that there is a long term
representation of each stimulus in the set andaibsdlute identification involves comparing
a representation of the current stimulus to thesenglars in memory (e.g., Kent &
Lamberts, 2005, Nosofsky, 1997). Capacity limiteadels posit restricted capacity processes
in attention and memory, such as a limited capaatgctive attention stage that maintains
the experimental context in short term memory etaearsal (Marley & Cook, 1984, 1986).
This context can comprise the ends of the stimidnge (the anchor points, see e.g., Petrov
& Anderson, 2005) as well as particular parts ef shmulus range recently attended. This
information is then used to make a decision, fanegle by mapping the stimulus magnitude
onto this experimental context (Lacouture & Marl2995, 2004). Relative judgement
models assume no long term representation of imeilst Rather absolute identification
performance is determined by making a relative gudgnt on each trial based on the stimuli
seen in recent trials and responses made to thesdigThe Relative Judgement Model,
RJM, Stewart et al., 2005). Some models are hylofidisese general approaches, such as the
Selective Attention Mapping and Ballistic AccumwiaModel (SAMBA; Brown et al.,

2008). SAMBA can account for a range of effectalasolute identification by assuming a
long term reference for the experimental context lanited capacity selective attention.
However, in order to capture the extent that pemtorce improves when a stimulus is

repeated (Rouder et al., 2004) it is necessanydode a relative mechanism, such that on
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some proportion of trials, instead of using the andhors to estimate the stimulus
magnitude, participants replace one of the end@sahith the previous stimulus (Brown et

al, 2005).

To summarise, models of absolute identificatiofedi€onsiderably in their assumptions
about what is represented in the task. Exemplarefsabssume long term representations,
either of the stimuli or of the psychological dinsen, limited capacity models assume a
representation of the experimental context is leélier in short term or long term memory
and relative judgement models assume that onleseptations of the previous stimuli and
responses are available. Hybrid models combinéathes two assumptions. These
differences are evident in current models of tis& tahich account for a range of choice
proportion and RT data (Brown, et al, 2008; Kerd aamberts, 2005; Lacouture & Marley,
2004; Petrov and Anderson, 2005; and Stewart, ,e2@05). Out of these current models
SAMBA (Brown et al., 2008) accounts for the mostngwehensive range of findings (Brown
et al., 2008; Guest, Kent, & Adelman, 2015) follaey Stewart et al.’s (2005) RIM. Both
SAMBA and RJM provide good accounts of the set sfgect, bow effect, information
transmission limit, spacing effects, range effeetd sequential effects, although the RIM
does not account for RTs. In third place lie exeanptodels including the extended
generalised context model (EGCM-RT, Kent & Lambe2B05; Guest, Kent & Adelman,
2015) and the exemplar based random walk model {#BRosofsky & Palmeri, 1997;
Nosofsky, 1997) which account for bow effects,se¢ effects, and some spacing effects in
both accuracy and RT. Critically, exemplar modelshdt yet capture sequential effects.
Although there are key differences between the EGRMand the EBRW they share the

critical assumption that stimuli are representelbing term memory.
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While comparing models in terms of the range o¢@f they capture is informative, it
provides only indirect support for the underlyigpresentations hypothesised, particularly
when not all models have been fit to the same slattato account for the same effects. It is
therefore not clear, even though SAMBA capturestiost effects, whether a long term
representation of the experimental context exMtwe direct evidence comes from
experimental tests of model assumptions. Stewait €2005) used a methodology in which
false feedback was given on some trials. The RJdi@tty outlines how feedback is utilised
and so can account for false feedback effectsa$t argued that other models not
incorporating feedback would struggle to captueséheffects. Subsequently however,
Brown et al. (2008) showed that these effects cbaldaptured by SAMBA by assuming that

feedback helps participants maintain the referéhtsend anchors) in memory.

Spacing effects have also been used to try toidistate models. Brown et al. (2009) argued
that the RJM needs to contain some absolute kngelatout the spacing between stimuli in
the range in order to account for the effects @qual stimulus spacing. Stewart and
Matthews (2009) therefore proposed an augmented B Hdcount for unequal spacing
effects which contained knowledge of the differenlbetween all stimuli in the stimulus set.
As noted by Donkin et al (2015), relative judgemiarists argue that this is relative
knowledge, whereas absolute theorists argue tisatdpresents a long term memory for the

structure of the stimulus set.

The time course of sequential effects has also pemyosed as a method for discriminating
models. In many models sequential effects are chlng@rocesses that should decay over
time. In the RJM, a judgement is made relativehgrevious item, but the estimate of

difference is contaminated by previous estimatediftdrences. Increasing the inter-trial
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interval (ITl) should therefore decrease this if@esnce which in the RIM is the mechanism
for producing assimilation and contrast. In SAMBWreasing ITI enables more time for
accumulators associated with different responségtay and return to baseline. The
exception is that selective attention to the expental context maintains activation at the
location of the previous stimulus. This resultseduced assimilation but increased contrast.
Supporting SAMBA but contradicting the RIM, incregsITI appears to increase contrast
(Donkin, Chan &Tran, 2015; Mathews & Stewart, 2009wever, assimilation appears to
be unaffected by ITI. Donkin, Chan, and Tran (20diiggested a modification to SAMBA to
account for this, whereby assimilation is produicestiead by adjusting response thresholds to
make responses more similar to those on the previ@l. If threshold adjustments are
proportional to the distance from the previous o&sg, this mechanism is functionally
equivalent to SAMBASs decay mechanism, enabling firoduce assimilation. Crucially there
IS no reason to assume that threshold changeshasdssimilation) should change with ITI.
However Donkin et al. (2015) note that this modifion to SAMBA entails that participants
adjust their response thresholds faster thandgimaally assumed in decision making
models (e.g., Donkin, Brown, & Heathcote, 2011)e Tiwreshold adjustment may therefore

only be feasible if it is made before decision mgkis underway on a given trial.

Currently, based on the range of effects captuneldeaperiments attempting to delineate
model predictions, there appears to be slightlyenesidence against relative judgement and
for some form of absolute memory contributing te gerformance limit in absolute
identification. However, the matter remains conitard. Interestingly the RJM has been cited
much more than other models of absolute identiboagsome 174 times according to Google
Scholar on 25/08/15). This is probably becausedéa of relative judgement appears

intuitive and simple. Indeed, Brown et al. (2008)enthat it is more parsimonious because it



Relative judgement in absolute identification

assumes that only a limited set of informatioreisresented. However, this line of reasoning
is questionable in terms of what we know about mgmat the very least relative judgement
requires maintenance of a short term representafitre stimulus magnitude and feedback
from the previous trial. This information has toibgervious to interference from other
events including output interference, feedbackebnga fixation cue, and presentation of a
new stimulus. The difference between the curremtudtis and the previous stimulus then has
to be calculated, with information about previoeedback also being integrated. Add to this
maintaining information about stimuli two or thremls back, then it is clear that, even
assuming no decay in short term memory, there &ega number of potential causes of
interference that the participant must overcomeolmparison, exemplar models (Kent &
Lamberts, 2005; Nosofsky, 1997) assume the existehstable long term representations of
the stimuli that are accessed on each trial andgaoea to the current stimulus. Although
assuming a greater number of representationsywlisestablished that long term memory
has a huge capacity and can be readily accessgge&ing that this resource is utilised may

make more sense than relying on capacity limitegtgerm memory.

The purpose of the present paper was to furthesstigate the representation processes
utilised in absolute identification. The approaaken was to examine the viability of the
relative judgement and exemplar comparison prosdsgasking participants to perform
tasks that were based on these using a stimuld@iosetin absolute identification task.
Performance on these tasks was then compared pattegn of performance in an absolute
identification task. Similar patterns of performaretween tasks would indicate a common
set of underlying processes, divergence, diffes@alierlying processes. In Experiment 1
participants completed an absolute identificatibhne length task (N = 8) and a

simultaneous matching task in which all eight stimuere presented in a random order
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around a central target stimulus and participamisewequired to report the location (labelled
1-8) of the stimulus matching the target. The stamdous matching task thus required
comparison of the target stimulus with the stimudes If absolute identification involves a
similar comparison process in which the targebimpared to items retrieved from memory,
then we would expect a similar pattern of finditg$ween these two tasks. In Experiment 2,
a single stimulus was presented on each trialig@eints were initially shown all stimuli).
The task was to indicate the size of the jump meglio get from the previous stimulus on
trial n-1, to the current stimulus on trial Thus participants were explicitly asked to perfor
part of the relative judgement process outlinedhgyRJIM. If relative judgement is a major
component underling absolute identification perfante, then assessing the accuracy of
jump estimates toward each stimulus should progec®rmance comparable to that of the

absolute identification task.

Experiment 1

Participants. Participants were 22 university students who cotepléhe experiment for
course credit. All completed both the absolute fidieation task and the simultaneous
matching task. The order in which these were attechwas counterbalanced. These
participants also performed a sequential matchasg (identical to the simultaneous
matching except that the target was shown pritinéqoresentation of the stimulus array) that
we do not report here. One participant was remdnged analysis due to chance level

responding in both tasks.

Materials and Simuli. Participants sat approximately 100 cm from thereeot a 17 inch

Sony CPD-G200 monitor used to display stimuli amtructions. The monitor used a
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resolution of 1024 x 760. Responses were made tissngumeric keys (1-8) on a standard
USB keyboard. Stimuli consisted of eight white narying in length (along the horizontal
plane) presented on a black background. The smatiesulus was 70 pixels (2.1 cm) in

length and 1 pixel in height with each subsequemiBus increasing by 16% in length such

that the largest stimulus was 128 pixels (5.9 enig¢mngth.

Design and Procedure.

Absolute identification. Participants were first shown each stimulus segain{from
shortest to longest) along with its numeric laloel,300 ms. After this participants then
began the response phase of the task. On eachatsalall white fixation cross was presented
centrally for 300 ms followed by a stimulus than@ned onscreen until response. Stimuli
were presented centrally with jitter of 50 pixefsar down and 50 pixels left or right (to
prevent using cues such as the edge of the saweed judgements). The mapping of stimuli
to keys was counterbalanced. For half of the gpeids 1 referred to the shortest stimulus
and 8 the longest stimulus, with the reverse beungfor the other participants. Following a
response, the stimulus label was displayed forrii80There was an inter-trial interval of
1,000 ms. There were 25 presentations of each lstsmvith the order of presentation
randomised across the whole session. Participagres given the opportunity for a short

break every 100 trials.

Simultaneous matching. On each trial a small white fixation cross was preed centrally
for 350 ms. The target stimulus was then presegit#tte centre of the screen. At the same
time stimuli 1-8 were then presented in a circéalins 300 pixels) surrounding the target in a

randomized location (there were 8 possible locadionith each stimulus centred on the

10
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circumference of the invisible circle and thesetnbeing equally spaced along the circle.
Above each stimulus was a numeric label. Labelgwassociated with locations which were
labelled 1-8 in clockwise order. Participants wasked to find the stimulus on the outer

circle that matched the target stimulus presentedially and respond with the appropriate
location. After response the display offset anahtparticipants were provided with the

correct location, presented centrally for 400 nie inter trial interval was 600 ms. Each
target was shown 25 times, with the order in whaslyets were presented randomised across
the whole session. Participants were given the ppity for a short break every 50 trials. In
both the absolute identification and simultaneoascimng task participants were instructed

to respond as quickly and as accurately as possible

Results and Discussion

In the absolute identification task responses w&muded if the response time was longer
than 3,000 ms or, for each participant, if thegp@nse time was greater than two standard
deviations above their mean RT. This led to exolusif 8.5% of responses. In the
simultaneous matching task responses were excitittegiresponse time was longer than
6,000 ms or, for each participant, if their resgotisie was greater than two standard
deviations above their mean RT. This led to exolsif 8.3% of responses. The cut off
timings were felt adequate time to have completedask. There was no evidence of an
effect of the order in which participants completieel tasks, and so we do not include it as a

factor in the following analyses.

Figure 1A shows the proportion of correct respormsgsmean RTs for the absolute

identification task. Bow effects are evident inlbatcuracy and RT, with stimuli toward the

11
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ends of the range responded to faster and moreadebu A repeated measures ANOVA

showed a significant effect of stimulus on propmrtcorrect E(7, 140) = 9.14(7,§ =.31,p

<.001) and on RTH(7, 140) = 2.2/}s = .10,p =.036). Stimulus/response confusions (Figure

1B) show that participants were clearly able t@wainsinate between stimuli.

Figure 1C also shows proportion of correct respsiasel mean RTs for the simultaneous

matching task. A repeated measures ANOVA showegrdfisant effect of stimulus on

proportion correctR(7, 140) = 9.59/F = .32,p <.001) and on RTR(7, 140) = 13.18{%
=.40,p <.001). Stimulus/response confusions show thatggaaihts were clearly able to
discriminate between adjacent stimuli (Figure 13)can be seen, the qualitative pattern of
data matched that of the absolute identificati@k far both mean responses (panels A and
C) and choice proportions (panels B and D). Cleav bffects were observed both in RT and
proportion correct, with slower and less correspanding for stimuli in the middle of the
range. However, performance did differ to thatlmd@ute identification in some respects.
Responding was more accurate in the matching peskably because simultaneously
presenting all the stimuli eliminates the needdoeas representations in memory.
Nevertheless, responses were still far from pertaad showed a response bow which was of
a similar magnitude to that in the identificati@sk. This suggests a similar underlying cause
of this performance limitation, i.e., confusabiliigtween display stimuli in the matching task
and items in memory in the identification task. T&ad, the bow was a bit flatter in the
range from stimulus 2-7 for the matching compar&t absolute identification. In terms of
RTs, these were considerably slower in the matctask, and the RT bow was of a greater
magnitude. This is probably because the matchisigitecluded a process in which attention

would have been directed to display items that waralar to the target. This sequential
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checking component of the task would slow down eaeging and would have greater effect
for more central stimuli that have, on averageatgesimilarity to the whole set of stimuli in

the display.

To examine whether the bow effects between tagkexell significantly a mixed ANOVA
was run on proportion correct and RT data with shis (1-8) as a within subjects factor and
task (absolute identification or simultaneous miaghand as a between subjects factor. The

result of interest was the interaction between task stimulus, which was significant in the

ANOVA on proportion correctR(7, 140) = 2.93/7,§ =.13,p=.007) and in the ANOVA on

RT (F(7, 140) = 7.79{7§ = .28,p <.001). These significant interactions suggest irtg
differences in the shapes of the observed bowse¥ample, the bow in the matching task is
deeper than the bow in the absolute identificatask. Thus, whilst the broad similarity in

the data in both tasks implies some common unaeylgrocesses, the significantly different
bows suggest the presence of other, perhaps djgtiocesses contributing to performance in
these tasks. Nonetheless, the overall impressittraighe data show similar qualitative

patterns.

Experiment 2

Participants. Participants were 16 university students who eitbeeived course credit or

were paid £5 (approximately $8) to complete thk.tas

Materials and Simuli. The same materials and stimuli as Experiment 1 wsed, with the

exception that participants used the keys 0-74pared and a CTX EX951F 19 inch monitor

13
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was used to display stimuli and instructions agsolution of 1024 x 760. Stimuli ranged

from 70 to 128 pixels (2.4 - 6.8cm) in 16% stepdrom the smallest stimulus.

Design and Procedure. The experiment was identical to the absolute ifieation task in
Experiment 1 with the following exceptions. Pagents were told that they would see eight
lines of different lengths and that their task wagidge how different the stimulus was on
the current trial to the stimulus seen on the ewitrial. They were told that, if the line on
the current trial is the line that was the nexésip or next size down from the line on the
previous trial to press 1. If the line on the catrigial is two sizes (jJumps) up or down from
the line on the previous trial to press 2 etc. Tiveye told the largest jump size was 7. Before
the response stage participants were shown alt stighuli, but without their numeric labels.
Feedback given was the actual jump size. On thetfial participants were told to simply

make a random response as there was no trial pngcinis to make a relative judgement.

Results

The first trial from each participant was discardi®n analysis (as no relative judgement
was possible). Responses were excluded if the RsTlavger than 3,000 ms or, for each
participant, if their response time was greaten ttveo standard deviations above their mean

RT. This led to the exclusion of 10% of responses.

Response accuracy and RT for each of the jump areeshown in Figure 2A. A repeated

measures ANOVA showed a significant effect of jusige on proportion correcE(7, 105)

= 8.56, /] = .37,p <.001) and on RTHR(7, 105) = 11.53(} = .43,p <.001). There are

several striking results. First is that the tasls Wward, with poor accuracy. Chance responding

14
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was at 12.5% meaning that larger jump sizes werearcectly identified at above chance
levels. Even when the stimulus was exactly the sasr@eceding stimulus, response
accuracy was only at 35%. This suggests that gaattits found it very difficult to maintain
stimulus representations from the previous triatdhd, with the exception of jump size 1,
there appeared a trend toward less accurate resggoss jump size increased. Some light
can be cast on this pattern by examining confuabiétween the response and the correct
response (Figure 2B, percentage responses forj@aghsize are also shown in Figure 2C).
Whilst there were many more frequent small jumpe sesponses (small jump sizes were
more common) participants were able to differeatlatween the different jump sizes to
some extent. Thus a response of 2 was the most camesponse to jump size 2, but it was
also confused more with more similar jump sizeg.{d. and 3). Nevertheless, the ability to
differentiate between different jump sizes was nexglas clear as the ability to differentiate
between different stimuli in the absolute idengtion task (Experiment 1). Indeed, small
jump size responses were still given for largerguwsizes (e.g., >3) which reflect quite large
errors, indicating again that participants memaiytfie previous stimulus was relatively

poor. There was a clear pattern in the RT, witlgérresponding the larger the jump size.

Examining the jump size accuracy data, it can Berasd that, if relative judgement is used
in absolute identification, a correct estimateuwhp size would translate into correct
identification of the stimulus if this were an ahge identification task. As such, for each

trial we added the jump size response to the pusvatimulus in order to generate a predicted
absolute identification response for that trialt@&that this analysis assumes that participants
had access to the correct stimulus informatiorherptrevious trial. Although doubtful in this
task, in absolute identification feedback is typicprovided, and so this analysis is a useful

means of assessing whether the ability to compédttive judgement results in data patterns
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that would be expected in absolute identificatiéiigure 2D therefore plots predicted

response accuracy and RT as a function of stimudusepeated measures ANOVA on this

data showed no significant effect of stimulus oopartion correcti(7, 105) = 1.73/7F2>

=.10,p =.11) but a significant effect of stimulus on RA({, 105) = 5.19{7,§ =.26,p<.001).
The predictions are surprising. First, responsei@oy is low, much lower than observed in
the absolute identification task (Experiment 1)c@wlly, although no significant effect of
stimulus was observed, if anything responses apgpdamore accurate in the centre of the
stimulus range. Response times were predicted stoleest for stimulus eight with some
evidence for slower responses toward the endsedgttmulus range in comparison to more
central stimuli. This may be the result of smathjusizes being faster and more accurate. If
shown a stimulus in the centre of the range, the af the jJump is much more constrained
(e.g., for stimulus 4 the maximum jump to it woblel 3, whereas for stimulus 8 the

maximum jump would be 7).

In a similar vein, to the above analysis the alisallentification data can be re-plotted with
proportion correct as a function of the jump siezéAeen stimulus and stimulus1-1 (Figure

3). This shows bow effects in both accuracy andaRd a repeated measures ANOVA

showed a significant effect of stimulus on propwrtcorrect (7, 147) = 7.19(/} = .26,p

<.001) and RTK(7, 147) = 22.07[7,5 =.51,p<.001). Notably comparison between Figure 3

and Figure2A shows clear differences between data the absolute identification task and

the relative judgment task.

Overall, the relative judgment data reveal a nunab@mportant findings. First, relative

judgement is not easy, it is difficult and prondamge errors, even when the stimulus is
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repeated from the previous trial. Second, relgtidgement takes longer and might be more
difficult the larger the jump size. Third, prediggi absolute identification success from
success at relative judgement reveals a strikiddfgrent pattern than that observed in
absolute identification: standard bow effects aeproduced and may even be reversed.
Similarly, predicting relative judgement successrirabsolute identification success shows

clear differences in the pattern of data to thahtbin the relative judgement task

General Discussion

In two experiments, we examined the evidence fiative judgement versus an exemplar
comparison process in absolute identification. approach taken was to assess performance
in different tasks that required use of the proesssmilar to those hypothesised by the
theories, with similar findings across tasks beaigen as evidence for similar underlying
processes. The simultaneous matching task (Expetiineequired comparison of the target
stimulus to display stimuli (a similar comparisaiogess is hypothesised to take place when
comparing a stimulus to exemplars in memory) armvell data patterns similar to the
absolute identification task (Experiment 1) inchilbow effects in RT and accuracy and
stimulus-response confusions. In contrast, theivelgudgement task (Experiment 2)
highlighted that relative judgement is difficulty@ prone and that increasing jump size
increases the time required to make a relativegoant without influencing accuracy. When
assessing performance as a function of jump siabsolute identification, these latter trends
are not observed. Furthermore, plotting accuragyfasction of stimulus in the relative
judgement task shows that relative judgementgtired to correctly identify a stimulus,
would produce bow effects in accuracy and RT ingposite direction to that observed in

absolute identification. Overall, the data indicttat absolute identification is not likely to
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rely on a relative judgement process that uses jsiaginformation, such as that proposed by

Stewart et al. (2005).

Caveats are required, however. The relative judgétask we used is not a reflection of the
exact process assumed by the RIM (Stewart et0&l5)2In the relative judgement task the
judgement is explicit, but it is not clear in thdNRwhether the relative judgement process in
absolute identification is explicit or implicit. ifnplicit, then it could be argued that the
relative judgement task does not directly utilisis process. However, such an argument
would require an explanation of why implicit knowge about previous stimuli and/or jump
size is available for use in absolute identificatbut not in the relative judgement task.
Another difference is that the RIM assumes theotidestance estimates from multiple
previous trials, whereas the task here did not itaticeaccount previous distances. Similarly,
the RJM can take into account feedback. In absadletatification, feedback provides

implicit information about jump size. For exampfehe stimulus shown on tria-1 was a 4,
then the range of jJump sizes on trial n would Be Gz comparison, because feedback in the
relative judgement task was about the size ofuh#j(and not the location within the set of
the stimuli) this information could not be usedhe same way. Although this difference
might explain some of the errors in the relativégement task, it still does not offer a full
explanation as to why performance was so poor va&imulus was repeated on successive
trials (when performance in absolute identificationrepeat stimuli is typically very high).

A more parsimonious explanation is that participantnply found it difficult to retain and
utilise information from the previous trial. Somktlis difficulty may be due to the use of a
logarithmic scale to generate stimuli. This mayéase task difficulty as the same jump size
would differ in terms of physical magnitude deperdon where it was on the stimulus range

(in particular from a given point the same jumpesipp or down a scale would differ in
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physical magnitude). Nevertheless, the RIM is baseitie notion that stimulus scales are
logarithmic, and calculation of a difference betwée current and preceding stimulus in the
RJM is given byn(Xn/Xn-1) in whichX refers to the physical magnitude of the stimulus.
Thus the experiment offers a good test of thetglii make relative judgements this way. As
such, we believe that the difficulty of the relatimdgement process means that it is unlikely

that relative judgement is a central process imlalbs identification.

For exemplar-based theories (Guest, Kent & Lamp2@s5, Kent & Lamberts, 2005,
Nosofsky, 1997) the data are more promising: thelarity between the data in the absolute
identification task and the simultaneous matchask tsuggest that these two tasks might
involve similar underlying processes. As the matghiask explicitly involves comparison
between the target and display stimuli, the suggess that the absolute identification task
might also rely on a comparison process, but batwee stimulus and exemplars in memory.
Caution must be taken with this interpretation asdre correlational, and visual comparison
may involve different processes than memory-basetparison. Nevertheless, given that
relative judgement leads to such poor performahseems inevitable that some long term
referent must be accessed during absolute ideattdic. Limited capacity models suggest
that this is information about the experimentalteah(particularly the end anchors).
However, in the simultaneous matching task a psobased on the use of the end stimuli
alone would not be very helpful. Given that thediianeous matching data and the absolute
identification data are very similar, it sugges$ts whole range of stimuli are represented, at
least to some extent in absolute identificationréwer, the most parsimonious explanation
of the data is that a similar comparison procesketies both tasks. Indeed, one of the
important aspects of the exemplar models of absadientification is that they have also

provided a very good account of data from othétsdascluding categorisation (Nosofsky,
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1996; Lamberts, 2000, Guest & Lamberts, 2010),gsitmn (Brockdorff & Lamberts, 2000;
Nosofsky, 1997; Zaki & Nosofsky, 2001), same-diiatrjudgements (Cohen & Nosofsky,
2000), and visual search (Guest & Lamberts, 2004is suggests that these processes are
fundamental to cognition, adding weight to the motihat the similarity of the pattern of
responses in absolute identification and simultaeeoatching is an indication of a common

underlying process.

A major shortcoming of exemplar models of absoldéntification is that they have not been
extended to account for sequential effects. Onefaathem to capture sequential effects is
to adopt a similar approach to SAMBA in which theg produced by decay. Each response
has an associated response counter which racesdtawasponse threshold. More recent
stimuli receive greater activation based on thenmse that these stimuli receive selective
attention. Indeed, exemplar models already haveranpeter that represents memory strength
and is affected by factors such as recency (Equ&tidNosofsky & Palmeri, 1997, for the
EBRW and Equation 12, Lamberts, 2000, for the EGRM-see also Kent & Lamberts, in
press). Although this mechanism may help captusemalstion and repetition advantages, it
does not obviously allow the models to predict castt A further issue is that assimilation
does not appear to be influenced by the time betwrggds (Donkin et al, 2015; Matthews &
Stewart, 2009), whereas the decay mechanism in SApMBdicts decreasing assimilation
due to activation for response counters decayinigdaereasing to baseline during this time
(Donkin et al. 2015). It may be that decay is édistinterference-based rather than time-
based. Nevertheless, the fact that sequentialteféan be produced without recourse to
relative judgement is important in light of the geat results which suggest that relative

judgement is surprisingly difficult.
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The data presented here are consistent with alesdientification being subserved by an
exemplar comparison process and not by a relaitiggment process. The difficulty of the
relative judgement task either indicates that datmns of distance are difficult, or that it
places large demands on the resources of a liro#pdcity short term memory. In absolute
identification performance is improved if the stiomiis the same or very similar to the
preceding stimulus and this has been taken asreedsf a relative process (Brown et al.,
2008). Interestingly, we do show that relative jeichgnt is easier when the jump size is small
and so it may be that a relative judgement proisegslised when jump size is small. Indeed,
Rouder et al. (2004) suggested that practice mayawe absolute identification primarily
because people get better at computing relativerdrices when the jump size is large.
However, Dodds et al. (2011) found that practicRioes contrast but not assimilation, which
may not be consistent with relative judgement iasneg with practice. Interestingly, in order
to capture the extent of increased accuracy whemktwere repeated, Brown et al. (2008)
had to integrate a relative judgement componentS®MBA by assuming that, on some
proportion of trials, one of the end anchors wagaeed with the previously seen stimulus.
Although this version of the model provided a gdibdf the repeated stimulus effect
observed in Lacouture (1997) it assumed that keatidgement was used on 62.5% of trials.
Given the difficulty participants had with makingpdicit relative judgements in our
Experiment 2 we believe that this might considerablerestimate the extent of relative
judgement. Rather, we suspect that relative judgémeaused only on a small number of
trials, if at all. It remains to be seen the ciratiamces under which participants switch from

reliance on long term referents to a relative judeet (or vice versa)
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FigureList

Figure 1. Proportion correct (filled line, left axiand RT (dashed line, right axis) for each
stimulus in the absolute identification task (Apamultaneous matching task (C) in
Experiment 1. Error bars represent 95% confidentavals (see Baguley, 2012). Panels B
and D show stimulus response confusion matricegh#rdentification task and matching

task respectively.

Figure 2. Data from the relative judgment task xp&iment 2. A) Proportion correct (filled
line, left axis) and RT (dashed line, right axig) €ach jump size B) Frequency of responses
for each jump size C) Percentage of responses foadach response at each jump size D)
Predicted identification accuracy (filled line,tlekis) and RT (dashed line, right axis) for

each stimulus. Error bars represent 95% confiderieevals.

Figure 3. Data from the absolute identificatiorktasExperiment 1. Proportion correct

(filled line, left axis) and RT (dashed line, rigitis) for each jump size
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Figure 1. Proportion correct (filled line, left axis) and RT (dashed line, right axis) for each stimulusin the
absolute identification task (A) and simultaneous matching task (C) in Experiment 1. Error bars represent
95% confidence intervals (see Baguley, 2012). Panels B and D show stimulus response confusion matrices

for the identification task and matching task respectively.
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Figure 2. Data from the relative judgment task in Experiment 2. A) Proportion correct (filled line, left axis)
and RT (dashed line, right axis) for each jump size B) Frequency of responses for each jump size C)
Percentage of responses made for each response at each jump size D) Predicted identification accuracy
(filled line, left axis) and RT (dashed line, right axis) for each stimulus. Error bars represent 95%

confidence intervals.
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