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Relative Judgment and Knowledge of the Category Structure

Neil Stewart and William J. Matthews
University of Warwick

For evenly spaced stimuli, a purely relative judgment account of unitiineal categorization
performance is trivial—all that is required is knowledge of the size of dtimdifference cor-
responding to the width of a category. For unevenly spaced stimuli, langkeowledge of
the category structure is required. We argue that such knowledgendbeecessitate a direct,
absolute mapping between (representations of) stimulus magnitudest@gdry labels. We
show that Stewart, Brown, and Chater’s (2005) relative judgmenteirazah account for data
from absolute identification experiments with uneven stimulus spacing.

Models of the identification and categorization of simple Low Spread ~ "1"
perceptual stimuli have been divided into two classes.t,Firs
there are those models in which there is a direct mappingE T .

. . . . ven Spread 2
between stimulus magnitudes or regions of stimulus space
and category labels (Ashby & Townsend, 1986; Durlach &

Braida, 1969; Kent & Lamberts, 2005; Lacouture & Marley, nigh spread ngo

2004; Luce, Green, & Weber, 1976; Marley & Cook, 1986; >
Nosofsky, 1986, 1997; Petrov & Anderson, 2005). Second, 73 76 79 82 8 88 91
there are relative judgments models in which there is no-long Intensity / dB

term mapping between stimulus magnitudes or regions of

stimulus space and category labels. These mappings are asgure 1. The three category structures used by Brown et al. (in

sumed to be unavailable or, at least, unused. Instead an relpress). Numbers in quotation marks are category labels.

tive judgment models, judgments are made with reference to

recently encountered stimuli and category labels (Holl&nd

Lockhead, 1968; Laming, 1984, 1997; Stewart, 2007; SteWrelative-judgment account for the Even-Spread Conditson i

art & Brown, 2004; Stewart, Brown, & Chater, 2002; Stewart g jite straightforward. All that is required is knowledge of

et al., 2005). Most recently, the SAMBA model integrateShe exchange rate between stimulus units and response units

these two accounts (Brown, Marley, Donkin, & Heathcote,Thys, if one has learned that 3 dB equals one response cat-

2008). _ egory then, given the category of the previous stimulus and
_Recently Brown, Marley, Dodds, and Heathcote (in pressh perception of the difference between current and previous

discussed how relative judgment might account for data fromytjmyli, one can determine the category of the current stimu

category structures where stimuli are unevenly spaced. Figys (see Holland & Lockhead, 1968, for a relative judgment
ure 1 illustrates the three spacings of stimuli along a sinyccount of this sort).

gle continuum taken from their experiment. The experi-

ment was absolute identification, in which stimuli are pre-

sented one at a time (with replacement) and participants When stimuli are not evenly spaced along the continuum,
are required to identify each stimulus with a unique label.as in the Low- and High-Spread Conditions, relative judg-
Trial-by-trial feedback of the correct answer is providéd. ment is not quite so straightforward. Now, as Brown et al.
(in press) describe, the above strategy will not work. There
is no simple exchange rate between stimulus differences and
response scale differences because the size of stimulus dif
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R width of Category “2” must be the same, irrespective of the
Negatve ° previous feedback. Figure 2B shows the same table aligned

[z Iv by the start and end of the Category “2” regions. The dashed

T Tw lines represent the zero points, but they are now no longer

aligned with one another. Thegero points are essentially

a record, for different possible previous feedback labefs,

where to begin the look up of stimulus differences.

In general, the look-up table represents the location ef cat
egory boundaries on a stimulus difference scale relative to
the location of a zero difference (Figure 2A). Alternativel
& Tw [z I% one can represent the location of the zero points relative to
the category boundaries (Figure 2B). In both interpretatio
the same information—the relative locations of criteria and
zero points—is represented. Figure 2C shows these three
points represented on a single scale. Note how each zero
point is associated with a linguistic feedback label. Again
the information represented is the same as in Figures 2A and
Figure 2.  A: A look-up table relative judgment model. B: The 2B. This scale is the internal response scale from the Stewar
same look-up table aligned by category boundaries rather than bgt al. (2005) RJM, as we describe below.
zero difference. C: The same information represented on a single

response scale. Digits in quotes on the left hand side of each re- Equivalence to the Stewart et al.
gion refer to the linguistic category label for that region. Dashed (2005) RJIM

lines denote the zero points and correspondq zo», andzs-.
The horizontal axis representcs the difference between consecutive Here we briefly summarize the RIM to make the look-up
stimuli and corresponds to th%x"él term in Equation 3. table interpretation clear (but see Stewart et al., 2005]de
tails). In the RJIM, perceptual representations of the aibsol
magnitudes of stimuli are unavailable or unused. Instead,
A LOOk-Up Table Model of the elemgntal perceptual unit 'is the qlifference between the
Relative Judgment c_urrent stimulus and the previous stlmulllis,,n,_l (Equa-
tion 1). (Of course, there must be some peripheral repre-

Consider a purely relative judgment model, in which oneSentation of absolute stimulus magnitude to allow the diffe
constructs a look-up table for the current response as a fun€nces between consecutive stimuli to be apprehended over
tion of (a) the previous feedback linguistic label and (b)Silent or blank intervals between stimuli, but it is onlynsti-
the difference between the previous stimulus and the curredus differences that are utilized in identification.)
stimulus. Figure 2A shows an example of such a look-up
table. For example, when the previous feedback is “2”, then Dnn_1 = Aln <x"> 1)
small differences will lead to responding “2”, larger nega- ' -1
tive differences will lead to responding “1", and larger pos
itive differences will lead to responding “3". This look-up
table might be learned over the initial trials of the experi-
ment. If stimulus differences are perceived and remembere
accurately, then performance could be perfectly accurate.

The look-up table model could be considered as an exe
plar model in which the exemplars afprevious feedback

evious Feedback

revious Feedback

Previous Feedback: K 2" nge

The units ofDp 1 are arbitrary, and depend on the sensory
constantA. X,/Xn_1 is the ratio of the physical magnitudes

f the current and previous stimuli. Consecutive diffeesc

re assumed to be confused with one another, producing a
contaminated estimate of the difference between the durren
Mand previous stimulus.

label, stimulus differengepairs and the exemplars are stored n—2
with their category labels. Rather than pursue this pdssibi Dﬁ_ml = Z)oriDn_i,n_i_l 2
ity, we show below that Stewart et al.’s (2005) RIJM can be ' i=

interpreted within this look-up table framework. wheredo = 1 anda; > a1 for all i > 0.

The stimulus difference is used to derive a distribution for

Exploiting Redundancy in the the estimate of the magnitude of the current stimulus on an
Look-Up Table internal response scal@,,.
Because stimuli are drawn from a single continuum with DC
a static category structure (i.e., there is a consistenpimgp Rhn=2z 1+ nnl pL 3)
between stimuli and feedback in the experiment), there-is re A

dundancy in the look-up table representation. Across the di z,_1 is the location on the internal response scale of the
ferent levels of the previous feedback label, a given catego zero point associated wif,_1 (the linguistic category label
must have the same width. For example, in Figure 2A, thdrom the previous trial). TheL term represents noiseé. is
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the Laplace distribution, with mean 0 and scale paraneter sent the criteriae1» _«» andx»_«3». The RIM representa-
(Stewart, 2007)p is the range of available responses givention of the category structure contains the same informatio
the previous feedback and the difference between the durreas the look-up table model.

or previous stimuli (see Stewart et al., 2005, for detallss We think it is uncontroversial to claim that judgment based
the size of stimulus difference corresponding to an (saabji)r  on the look-up table is relative and not absolute. Partition
unit on the internal response scale. ing the table up into labeled response regions does not imply

Note here that we have changed the notation from thesome direct link between response category labels and raw
2005 version to make clear the distinction between the catstimulus magnitudes or representations of stimulus magni-
egory label and the associated location on the internal retudes. Thus we also claim that judgment in the RIM is rel-
sponse scale. To see why the distinction is crucial, consideative and not absolute. Having a representation of the cate-
an absolute identification experiment in which stimulus la-gory structure does not mean that there must be a mapping
bels are not integers but are instead nonsense words (e.pgtween raw stimulus magnitudes or representations of stim
“deg” for Stimulus 1, “rop” for Stimulus 2, ...). The partic- ulus magnitudes and the labels assigned to each stimulus. In
ipant must learn the locations on the internal response scathe RIM there is a direct mapping or transformation between
associated with each nonsense word. In the 2005 version difie internal response scale and category labels (i.e.athe ¢
Equation 3F,_1 appeared in place @f_1. Because the units egory structure), but there is no direct mapping between the
of the internal response scale are arbitrary, using thgénge internal response scale and stimulus magnitudes. Stimulus
to represent the locations associated with the feedback lanagnitudes only cause activation on the internal response
bels “1”, “2”, ... on the internal response scale is accedptab scale via the relative judgment process.
for evenly-spaced stimuli. For nonsense words this makes More generally, even when judgment is entirely relative, it
no sense: One cannot add a stimulus difference to “rop”js still possible to learn something about the categorycstru
“rop” must be converted into some magnitude on the interture. For example, consider the Low-Spread Condition in
nal response scale. The 2005 simplification of using integerFigure 1. Suppose you hear a stimulus and are told it is “1”.
for the internal magnitudes is further confusing because iThen suppose you hear the next stimulus which sounds much
suggests that the internal response scale actually is the deuder and are told it is “2”. Then suppose you hear a third
of integers used as feedback labels, when in fact the unitstimulus which sounds only a little bit louder and are told it
of the internal response scale are arbitrary. And the 20083”. By now you know that “2” is much louder than “1” and
simplification is inadequate because it does not distifguisthat “3” is only a little bit louder than “2”. You've alreadyaq
between the verbal labels paired with stimuli by the experi-quite a good idea (better than just ordinal) about the stisl
menter and the representations of the points on the internatructure derived from only relative judgment. Learninig th
response scale associated with those labels by the particip structure doesn’t mean you have somehow created a direct
In making the substitution af,_1 for F,_1 here, the workings mapping between stimulus magnitudes and category labels.
of the model are clarified but the predictions of the model aréwith accurate relative judgment there could even be an accu-

unchanged. rate (but scale-free) representation of the categorytsirei.c
A core assumption of the model is that a stimulus cannot

give rise to activation on the internal response scale @xcep RJM Fits to the Brown et al. (in

via the relative judgment process in Equation 3. That is, press) Experiment.

there is no mapping between raw representations of stimulus
magnitudes and locations on the internal response scale (cf In fitting the RIJM to Brown et al.’s (in press) experiment,
Brown et al.’s, 2008, assumption that their rehearsal ssale the model had three free parameteaxg:representing confu-
not addressable with category label tags). sion between the current and previous differerige={ 0 for

The probability of responding with each category label isall i > 2), o representing noise in the mapping process,Jand
given by dividing the internal response scale with optimall representing the size of stimulus difference equal to aeing
located criteriax«» _«o», X« _«3» ... X«Ny_17_«N* Where there (and arbitrary) internal response scale unit. The location
areN categories. Subscripts refer to the category labels of theriteria on the internal response scalg _«»» and X« _«3
regions a criterion divides. In the 2005 treatment of evenly were arbitrarily fixed at 0 and 1 (without loss of generality,
spaced stimuli, Stewart et al. used a James-Stein estimatone may define the locations of the lower and upper bounds
to approximate the optimal locations. For unevenly-spacedor response “2” as 0 and 1 respectively). The locations®f th
stimuli, criteria are assumed to be placed to maximize aczero points-, z», andzs are not free parameters, but are
curacy. One interpretation of the division of the interr&l r assumed to be optimally located and were adjusted to maxi-
sponse scale h&, representing a distributed pattern of acti- mize accuracy. That is, for every step in the best fitting of

vation across a population of neurons, with fe -« 1~ cri- o, andA to the dataz-, z», andzs» were adjusted to max-
teria representing the limits of the receptive fields of n@gr imize accuracy (not fit to the data) in a nested maximization.
summing activation in the population. The zero points were different for each experimental condi-

Figure 2C represents the internal response scale in th#n because the zero points represent the category steuctu
RJM. The dashed lines represent zero pomts zo-, and  and the structure varied between experimental conditions.
Z3» associated with each category label. For example, if Figure 3 shows the best-fit of the RIM. Best fitting param-
F_1 =“3"thenz, 1 = z3. The category boundaries repre- eters wer@; =0.197,06 =0.137, and\ = 4.224. The RMSE
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is 0.066 and the greatest mismatch is 0.15, indicating a simi
lar fit to that reported by Brown et al. (in press) for SAMBA
(0.059 and 0.12, respectively). Mispredictions occur beea
the RIM is predicting accuracy that is too high for the lowest
stimulus in the Low-Spread Condition and the lowest stim-
ulus in the High-Spread Condition. However, for the cor-

responding stimuli in the mirror image conditions, the fit is §
quite accurate (i.e., accuracy is higher for the highesitsti o
lus in the High-Spread Condition and the highest stimulus in ©
the Low-Spread Condition). (Parker, Murphy, & Schneider, .5
2002, present some evidence for asymmetry between High-5
and Low-Spread Conditions in auditory intensity judgments &
though their gain control hypothesis does not explain the fu &

pattern here and would be harder to extend to nonprothetic
dimensions.)

The RJIM achieves this fit with three free parameters,
though we would have considered relaxing the constraint
X = 1.0 if necessary (see Stewart et al., 2005, for details).
In fitting SAMBA four parameters were varied, with other
values taken from fits to previous data sets (and presumably
these parameters would have been varied too if necessary).
Figure 4 shows the optimal locations of the zero points rel-
ative to the criteria in the RJM for the three experimental
conditions.

Judgment is Still Relative

Brown et al. (in press) argue that, generally, relative
judgment models cannot predict data from uneven-stimulus-
spacing designs. We offer the look-up table model as a coun-
terexample of a purely relative judgment model which does
account for data from uneven stimulus-spacing-designs.

Brown et al. (in press) argue that, specifically, the RIM
cannot account for data from uneven-stimulus-spacings de-
signs. Brown et al. (in press) present an extended RIJM which
can fit the data. In this model there is a mapping between
feedback labels and (peripheral representations of) &tsnu
magnitudes. Like Brown et al. (in press), we would not de-
scribe the model as “relative” because there is a consjstent
long-term mapping between stimulus magnitudes and feed-
back labels.

In our implementation there is no mapping between feed-
back labels and stimulus magnitudes. Instead, there is a map
ping between feedback labels and the zero points on the in-
ternal response scale. This difference is crucial. Here, as
in Stewart et al. (2005), there is long-term representation
the category structure. The locations of the zero pointd (an
of the criteria) represent the category structure and are th
correlated with stimulus magnitudes. But the zero poings ar
ideal-observer values acquired from only stimulus diffee
information. Zero points are not stimulus magnitudes. In-
formation about the mapping between stimulus magnitudes
and points on the internal response scale is assumed to be
unavailable or unused. That is, presentation of a stimulus
does not result directly in activation on the internal resge
scale. Activation is via the relative judgment process only

To illustrate this point, consider Experiment 2 from Stew-
art et al. (2005), in which participants were asked to idgnti

Proportion Correct

Proportion Correct

Low Spread

1.0 4
.8 1 .
A
g
.6
Current Stimulus
1 —e—
2 —A—
3 —m—
4 ‘ ‘ ;
1 2 3
Previous Stimulus
Even Spread
1.0 4
,/A‘\
.8 1
.6
4 ‘ ‘ ;
1 2 3
Previous Stimulus
High Spread
1.0 4
.8 1
6
.4 T T T

=

2 3
Previous Stimulus

Figure3. Fits of the RIM to the data from Brown et al.’s (in press)
experiment. Solid symbols show data, open symbols show model
predictions.
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Brown, S. D., Marley, A., Dodds, P., & Heathcote, A. (in press).

Low Spread Relative models do not provide a general account of absolute
identification.Psychonomic Bulletin & Review.

Even Spread .. % .. Brown, S. D., Marley, A. A. J., Donkin, C., & Heathcote, A. J.
(2008). An integrated model of choices and response times in

High Spread . . absolute identificationPsychological Review, 115, 396—425.

Durlach, N. I., & Braida, L. D. (1969). Intensity perception. I. Pre-
liminary theory of intensity resolutiordournal of the Acoustical
Society of America, 46, 372—383.

Figure 4. Optimal locations of criteria and zero pointss» 2 Holland, M. K., & Lockhead, G. R. (1968). Sequential effects in

andx- 3> were arbitrarily fixed at 0 and 1. Note locations of zero  gpsolute judgments of loudnesBerception & Psychophysics,

points are set to maximize accuracy (reflecting their optimal nature) 3 409-414.

and not fit to the data. Kent, C., & Lamberts, L. (2005). An exemplar account of the bow

and set size effects in absolute identificatiodournal of Ex-
perimental Psychology: Learning, Memory, and Cognition, 31,

10 evenly spaced tones varying in frequency. On a small 289-305.

number of trials participants were given misleading feed-Lacouture, Y., & Marley, A. A. J.(2004). Choice and response time

back. For example, the third highest stimulus might be given processes in the identification and categorization of unidimen-

the feedback label “4”. On the following trial, participant sional stimuli. Perception & Psychophysics, 66, 1206—1266.

were found to be systematically biased to respond in the ditaming, D. R. J. (1984). The relativity of “absolute” judgements.

rection of the lie. Continuing the example, if the next stimu  British Journal of Mathematical and Satistical Psychology, 37,

lus was the fourth highest, participants had an increased te ~ 152-183.

dency to overestimate the stimulus and respond “5” insteadiaming, D. R. J. (1997)The measurement of sensation. London:

of the correct answer “4”. This is exactly what the RIM pre- ~ Oxford University Press.

dicts, because the misleading feedback will invoke the inluce, R.D., Green, D. M., & Weber, D. L.(1976). Attention bands

correct zero point (in the example, instead ofz3). In in absolute identificationPerception & Psychophysics, 20, 49—

terms of the look-up table account, the misleading feedback 4. _ _

wil cause pariipants to map the stmulus diference omeTe) LA . & o0 ¥ T.0%80, e eieass obacy

response categories using the wrong previous-feedback row _ . \ . .

(in the example, the row for “4” instead of the row for “3"). ?gg_sgé]gurnaj of Mathematical and Statistical Psychology, 37,

If judgment were absolute and the response scale directly a '

- . . (ﬂllarley, A.A.J., &Cook, V. T.(1986). A limited capacity rehearsal
dressable from stimulus magnitudes, this effect would eotb " 74" psychological judgments applied to magnitude esti-

predicted. (See Brown et al., 2008, for an explanation us-  mation. Journal of Mathematical Psychology, 30, 339-390.
ing SAMBA, in which the mapping between magnitude es-yqtsky, R. M. (1986). Attention, similarity and the identification-
timates and response accumulators is completely re-adjust categorization relationshipJournal of Experimental Psychol-

12 Xegrrg
RIM Internal Response Scale

to accommodate the misleading feedback.) ogy: General, 115, 39-57.
Nosofsky, R. M.(1997). An exemplar-based random-walk mofiel o
Conclusion speeded categorization and absolute judgment. In A. A. J. Mar-

ley (Ed.),Choice, decision, and measurement: Essays in honor
We have shown that a relative model, the RIM, can ac- of R Duncan Luce (pp. 347-365). Mahwah, NJ: Erlbaum.

count for data from experiments with uneven stimulus spacParker, S., Murphy, D. R., & Schneider, B. A. (2002). Top-down
ing. The RIM is a relative model in the sense that the funda- gain control in the auditory system: Evidence from identification
mental unit submitted for judgment is the difference betwee ~ and discrimination experimentsPerception & Psychophysics,
the current stimulus and the last, rather than the position o 64, 598-614. _ )
the stimulus in the experimental range (e.g., Marley & Cook,Pétrov. A. A., & Anderson, J. R. (2005). The dynamics of scaling:
1984) or on a continuum that is independent of the other A Memory-based anchor model of category rating and absolute
stimuli in the ensemble (e.g., Kent & Lamberts, 2005; Treis-___'dentification. Psychological Review, 112, 383-416.

; oo . ewart, N. (2007). Absolute identification is relative: A reply to
man, 1985). Just because a model is relative in this sens¥ Brown, Marley, and Lacouture (2007Psychological Review,

does not mean that the participant is without any kind of 114. 533-538

long-term knowledge of the category structure: Such knowl- tewar’t N., & Brown, G. D. A. (2004). Sequence effects in cat-
edge can be obtained from stimulus differences and verba egori’ziné tones va,ryin.g i'n fr'equenc;Journal of Experimental
feedback, without there being any direct association betwe  pgychology: Learning, Memory, and Cognition, 30, 416—430.
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