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Abstract

In choice—reaction tasks, responses are faster if stimuli and responses are spatially compatible than if they are incompatible,
even when the locations of the stimuli are irrelevant to the task. This stimulus—response (S5-R) compatibility effect that
occurs based on task-irrelevant stimulus and response features is known as the Simon effect. The Simon effect can be
eliminated or even reversed after training with spatially incompatible S-R mappings only for a short duration, indicating
that newly acquired incompatible S-R associations transfer to the Simon task. This transfer effect is usually reduced when
the context of the training task is altered at test, suggesting that the expression of learned S-R associations depends
on the similarity between the learning and test contexts. However, there can be cases where transfer occurs from
one context to another but not in the reverse direction (i.e., transfer asymmetry). Transfer asymmetry is problematic
for many models of psychological similarity, which would predict that transfer is symmetrical between two contexts.
This study shows that Tversky’s set-theoretic model of similarity—the contrast model—is a useful framework for
understanding how transfer symmetry arises in human perceptual-motor learning. The results of the two experiments
imply that the similarity of contexts depends not only on features that overlap between the contexts but also on

features that are distinctive to them.
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There is abundant evidence that learning is context-spe-
cific. Since the classic demonstration by Thorndike and
Woodworth (1901), this has been observed in a variety of
task domains, including memory recall (Tulving &
Thomson, 1973), analogical reasoning (Gick & Holyoak,
1983), mathematical problem-solving (Ross, 1984), read-
ing (Kolers & Roediger, 1984), and chess expertise (Sala
& Gobet, 2016). Studies suggest that learned skills and
knowledge are better utilised in an environment that
approximates the original context in which learning has
taken place (Godden & Baddeley, 1975; Healy et al.,
2006; Thorndike, 1914). Although there has not been
much controversy as to whether the similarity between
study and test contexts plays a vital role in utilising
learned skills or knowledge, the question of how the simi-
larity of two contexts is determined still remains unre-
solved. This study addressed this issue by using a
transfer-of-learning paradigm that has demonstrated

context-specificity of perceptual-motor learning in previ-
ous studies (Yamaguchi & Proctor, 2009).

In the following sections, I first introduce the transfer of
learning paradigm that has been used to examine factors
influencing perceptual-motor learning and its transfer to
another context (Luo & Proctor, 2016; Proctor & Lu, 1999;
Proctor et al., 2007, 2009; Tagliabue et al., 2000; Vu et al.,
2003; Yamaguchi et al., 2015; Yamaguchi & Proctor,
2009). Next, I will illustrate how similarity is theorised in
a traditional geometric approach as well as in Tversky’s
set-theoretic approach, showing that the latter model can
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explain the violation of the symmetry axiom of a distance
metric. I will then report two experiments using the trans-
fer of learning paradigm and argue that the contrast model
provides a useful framework to understand factors influ-
encing the transfer of perceptual-motor learning.

Transfer of learning paradigm

In the present transfer of learning paradigm, participants
are tested with the Simon task (Simon & Rudell, 1967) in
which they are presented with spatial stimuli (e.g., red and
green circles that occur on the left or right side of the fixa-
tion mark on a computer monitor) and respond to the stim-
uli by pressing a left or right key (Vu et al., 2003) or by
saying “left” or “right” into a microphone (Yamaguchi
et al., 2015). Although participants respond to non-spatial
attributes of stimuli (e.g., colours) and are asked to ignore
the spatial attributes, responses are typically faster and
more accurate when stimuli and responses are spatially
compatible (e.g., pressing the left key to a circle on the
left) than when they are spatially incompatible (pressing
the left key to a circle on the right), yielding the “Simon
effect.” Thus, the Simon effect is defined as the differences
in the speed and accuracy of responding on compatible tri-
als than on incompatible trials. Before performing the
Simon task, participants practice an “incompatible-map-
ping” task that requires spatially incompatible responses to
stimuli before they perform the Simon task. After training
with the incompatible-mapping task, the Simon effect is
often reduced substantially or even reversed to favour spa-
tially incompatible responses (Proctor & Lu, 1999).
Although the tasks in the training and test phases are simi-
lar in these studies, participants are required to follow dif-
ferent sets of instructions in the two phases (e.g.,
responding to stimulus locations vs responding to stimulus
colours). Hence, the influence of the training phase on the
Simon effect represents a spontaneous transfer of learned
incompatible stimulus—response (S-R) associations from
the training task to the test task.

An issue investigated in this transfer of learning para-
digm is whether newly acquired associations are specific
to the training context or generalisable across different
contexts (Proctor et al., 2007; Tagliabue et al., 2002; Vu,
2007; Yamaguchi & Proctor, 2009). Tagliabue et al. (2002),
for example, showed that learned incompatible S-R asso-
ciations with auditory stimuli transferred to the Simon task
using visual stimuli. Vu (2007) also found that incompati-
ble S-R associations acquired with visual stimuli that var-
ied in either a vertical spatial dimension (top vs bottom) or
a horizontal spatial dimension (left vs right) could transfer
to the Simon task with visual stimuli that varied in a differ-
ent spatial dimension (i.e., from the vertical dimension to
the horizontal dimension, or vice versa). These findings
suggest that newly acquired associations relied on abstract

representations that can transfer across different modali-
ties or spatial orientations.

Nevertheless, the transfer of learned spatial S-R asso-
ciations has also been shown to be limited in some cases.
Proctor et al. (2009) found that incompatible S-R associa-
tions acquired with lateral stimuli that varied in the physi-
cal locations (on the left or right of the fixation) transferred
to visually presented lateral arrows (pointing to the left or
right), or vice versa, but not to visually presented words
with lateral meanings (LEF'T or RIGHT). Similarly, when
the transfer across spatial orientations was tested with
auditory stimuli, there was little evidence that incompati-
ble S-R associations transferred across spatial orientations
(Proctor et al., 2007). Furthermore, when different types of
response devices (keyboard vs joystick) were used, the
transfer effect was larger when the response device for the
training phase was also used in the test phase than when it
was switched to a different device (Yamaguchi & Proctor,
2009). These findings imply that learned associations are
specific to the training context, as it is typically observed
in the learning literature (Godden & Baddeley, 1975). To
explain the specificity of transfer of learning in this para-
digm, we originally proposed that learned S-R associations
are retrieved more effectively when more features of the
training context are present in the test context (Yamaguchi
& Proctor, 2009). This proposal is in agreement with the
classic Theory of Identical Elements (Thorndike, 1914) as
well as a contemporary context model of memory recall in
which contextual features present at study are associated
with a memory trace and serve subsequently as retrieval
cues at test (Siegel & Kahana, 2014). From these findings
and theories, one could argue that learned S-R associations
transfer across contexts when the two contexts are suffi-
ciently similar to each other because there are many fea-
tures that overlap between them.

More interestingly and relevant to the present discus-
sion, one of our studies (Yamaguchi et al., 2015,
Experiment 3) demonstrated that the transfer of learning
between two contexts was not always symmetrical. In that
experiment, participants were trained with the incompati-
ble-mapping task with either vocal (saying “left” or “right)
or manual (pressing a left or right key) responses. They
were then transferred to the Simon task with an alternative
response mode (i.e., transfer from vocal to manual or from
manual to vocal). We found that there was a transfer effect
for those who switched from manual responses to vocal
responses, but not for those who switched from vocal
responses to manual responses. This asymmetrical transfer
is difficult to explain if the transfer of learning only
depends on features that overlap between contexts. Indeed,
this finding is problematic for a traditional conception of
psychological similarity, which assumes that psychologi-
cal similarity corresponds to the subjective distance
between objects or events within a psychological space
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(Shepard, 1957). In the following section, I will first intro-
duce this traditional conception of psychological similarity
and explain how transfer asymmetry is problematic for this
approach. I will then introduce an alternative set-theoreti-
cal approach by Tversky (1977) that is capable of account-
ing for transfer asymmetry.

Models of psychological similarity

The similarity of psychological objects is often formalised
in terms of geometrical representations. This approach sug-
gests that mental representations form a multidimensional
psychological space in which the similarity of two objects
is represented by the distance between their mental repre-
sentations (Nosofsky, 1984; Shepard, 1957; Yamaguchi &
Proctor, 2012). It typically assumes a Minkowski distance
metric of the form,

1/r
d(A,B):[Z|ai —bi|’J (1)

for the distance between two psychological objects 4 and
B, where a, and b, are the elements of 4 and B in the ith
psychological dimension, respectively. If r is 2, the metric
is the Cartesian distance. The similarity S between two
objects is some form of an inverse function of the distance,
S(4,B)=f[d(A,B)], such that the smaller the value of the
distance metric, the higher the degree of similarity between
the objects. For instance, a popular model of categorisa-
tion, the General Context Model (Nosofsky, 1984), pro-
poses a negative exponential function of the form,

S(A,B) = exp{—d(A,B)-c}

with S being the similarity function between the objects
A and B and c being a scaling constant.

Although the geometric approach is popular and intui-
tive, Tversky (1977) questioned a geometrical representa-
tion of similarity and pointed out that psychological
distance does not satisfy the three axioms of distance met-
ric. These axioms include (1) minimality (the distance
between two different objects is greater than or equal to the
distance from an object to itself, d(4,B)>d(A4,4)=0);
(2) triangle inequality (the sum of the distance from Object
A to Object B and the distance from Object A to Object C
is greater than or equal to the distance from Object B to
Object C; d(4,B)+d(A4,C)>d(B,C)); and (3) symme-
try (the distance from one object to another is always the
same as the distance from the latter to the former,
d(A4,B)=d(B, A)). Most important, our previous study of
transfer of learning indicated that the symmetry axiom is
not always satisfied in perceptual-motor learning
(Yamaguchi et al., 2015; also see Hicks, 1974).

In Tversky’s (1977) set-theoretical approach, called the
“contrast model” (see Figure 1), similarity is measured in
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Figure 1. lllustration of Tversky’s contrast model of similarity
as applied to the transfer of learning paradigm.

terms of common and distinctive features of objects rather
than the psychological distance between representations,
which is expressed as:

S(4,B)=f(AnB)-af (4/B)-pf(B/4)  (2)

with a, = 0. The function f could be a counting function
that simply returns the number of features of the objects
that satisfy a given condition; for instance, /(4N B) may be
simply a number of features that are contained in both 4
and B (Tversky, 1977). The model states that the similarity
of A and B depend on their common features (4N B), which
represents overlapping features of 4 and B, and two types
of distinctive features, 4/B and B/A, which stand, respec-
tively, for the features contained in 4 but not in B and the
features contained in B but not in 4.

According to this model, the distinctiveness of the
objects is not only a function of their commonality
(ANB). Imagine a case in which school children learn
the defining characteristics of animal species, such as
mammals and birds, in a science class. They are then
tested with exemplar animals that they have to sort into
the mammal or bird category. Children may fail to iden-
tify a “penguin” as a bird because of a missing feature
that is common among most exemplars from the bird
category (“able to fly”), despite the fact that a penguin
has all other defining features of the category. This case
is represented by the distinctiveness of the category
“bird” from the exemplar “penguin” (“bird” / “pen-
guin”). In another case, children may fail to identify a
whale as a mammal because of the presence of a feature
that is foreign to the mammal category (“living under the
sea,” which is a prototypical feature of other species),
despite the fact that a whale has all other defining fea-
tures of the category. This case is represented by the dis-
tinctiveness of the exemplar “whale” from the category
“mammal” (“whale” / “mammal”).
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If similarity is determined solely based on the common-
ality of objects (4MB), the metric would be symmetric.
However, an asymmetry of similarity judgement could
arise if the weights associated with the two distinctiveness
terms are not equal. To give a concrete example, consider
the aforementioned study of the Simon task (Yamaguchi
et al., 2015) in which we found that learned incompatible
S-R associations transfer from one response mode to the
other (from manual to vocal) but not in the reversed direc-
tion (from vocal to manual). Let the two contexts represent
the manual response and the vocal response, and suppose
that there are 10 common features shared between manual
and vocal responses, which can be expressed as f{manual
N vocal)=fimanual N vocal)=10." Manual responses
may have five unique features that are missing in vocal
responses (e.g., using a response box, moving fingers,
etc.), which can be expressed as filmanual / vocal)=5).
Vocal responses may also have three unique features that
are missing in manual responses (e.g., using a microphone,
uttering voice), which is expressed as f{vocal / man-
ual)=3). The similarity function above (Equation 2) then
gives the following:

S(manual,vocal)zf(manualr\vocal)
—otf(manual / vocal)
—Bf(vocal / manual)
=10-5a—3B,

and

S(vocal, manual) = f(vocalmmanual)

—af (vocal | manual)
—Bf (manual / vocal)
=10 — 3a- 5B

If a=p, then we have S(manual, vocal)=10 - 50 —30.=10
— 8a and S(vocal, manual)=10 — 3o — 5=10 — 8a, so
S(manual, vocal)=S(vocal, manual). This would mean
that the similarity between manual and vocal is the same in
both directions, and there is an equal amount of transfer
from manual response to vocal response and from vocal
response to manual response. However, if oo <[5, one can
infer that S(manual, vocal) > S(vocal, manual), so the sim-
ilarity is larger from manual to vocal than from vocal to
manual; therefore, transfer would be larger in the former
direction than in the latter. The inequality of the coeffi-
cients o and B3 can be interpreted as participants attending
more to features distinctive to one context than the other.
For example, the above case could happen if trainees
attended more to new features introduced in the test con-
text than to missing features of the learning context.

In general, we have S(manual, vocal) > S(vocal, man-
ual), if flmanual / vocal) > f{vocal | manual) and oo <3 or
if flmanual / vocal) < f(vocal | manual) and o > f3; transfer

of learning is asymmetrical. If either fimanual / vocal)=
f (vocal | manual) or o=, we have S(manual, vocal)=
S (vocal, manual); the transfer is symmetrical. Therefore,
the contrast model suggests that distinctive features of the
contexts determine whether transfer is symmetrical or
asymmetrical.

This study

An asymmetrical pattern of transfer has been observed in
motor learning (Hicks, 1974) and other cognitive domains
(Amitay et al., 2012; Ni et al., 2023). For example, bilat-
eral motor training often shows greater transfer from a
non-preferred limb to a preferred limb than the reverse
direction (Hicks, 1975; Kumar & Mandal, 2005; Taylor &
Heilman, 1980). Similarly, perceptual learning shows
transfer from more invariant visual structures to less invar-
iant structures (Yang et al., 2024) or from clear visual dis-
plays to noisy displays (Dosher & Lu, 2005) but not in the
reverse directions. Although the exact mechanisms of
learning in these different domains may vary, it is clear
that overlapping features between two contexts alone can-
not explain these asymmetrical patterns of transfer of
learned skills between contexts. Instead, as illustrated
above by Tversky’s contrast model, some distinctive fea-
tures of the training and test contexts contribute to the
expression of learned skills in new contexts.

In this study, two experiments using the transfer of
learning paradigm as introduced above were conducted.
The results of these experiments demonstrated both sym-
metrical and asymmetrical patterns of the transfer effect
across different contexts. Because the two experiments
used the same basic experimental design, the method is
described together in the following “Methods” section. To
give an overview of the method, participants performed
two phases, “training” and “transfer,” or only the transfer
phase without the training phase (control group). For those
who had the training phase, they performed the incompat-
ible-mapping task with one of two possible response
modes (see Figure 2). In Experiment 1, the response modes
were either moving one index finger from a centre key to
one of the two keys (“finger-move training”) or pressing
two keys with the left and right index fingers (“keypress
training”). In Experiment 2, the response modes were key-
presses on the keyboard (“keyboard training”) or on a
response box (“response-box training”). In both experi-
ments, there was also a control group who did not perform
any training. In the transfer phase, all participants per-
formed the Simon task with either the same response mode
as that used in their training phase or the alternative
response mode. Because the main analysis was on task
performance (i.e., the Simon effect) in the transfer phase,
results from different response modes in the transfer phase
were analysed and reported separately in each experiment.
Thus, in Experiment 1A, participants performed the Simon
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Figure 2. lllustration of the training and transfer phases in Experiments | and 2.

task in the finger-move condition (“finger-move trans-
fer”), and in Experiment 1B, they performed the Simon
task in the keypress condition (“keypress transfer”).
Similarly, in Experiment 2A, participants performed the
Simon task in the keyboard condition (“keyboard trans-
fer”), and in Experiment 2B, they performed the Simon
task in the response-box condition (“response-box trans-
fer”). We separated the analyses for different response
modes in the transfer phase because performance with dif-
ferent response modes was measured differently and was
not necessarily comparable to each other (Yamaguchi
et al., 2015; Yamaguchi & Proctor, 2009). The main focus
was whether the transfer of incompatible associations
occurred between different response modes in the training
and transfer phases to the same extent as that between the
same response mode.

From the results of the prior study (Yamaguchi &
Proctor, 2009), we expected that training with spatially
incompatible S-R mappings in the training phase would
result in a reduction of the Simon effect in the transfer
phase, indicating the transfer of newly acquired incompat-
ible S-R associations. Moreover, the learning specificity
principle (Thorndike & Woodworth, 1901) predicts that
the larger the reduction of the Simon effect would be, the
more similar the context of the transfer phase is to that of
the training phase. If such contextual similarity is deter-
mined by the overlap between features of the two contexts
(ANB), there should be similar reductions of the Simon
effect regardless of which response mode was used in the
training or transfer phase. That is, when there is a transfer
effect from response mode A to response mode B, then
there should be a similar magnitude of the transfer effect
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from response mode B to response mode 4. Such results
would be consistent with a geometric model of similarity,
which assumes symmetric similarity between two con-
texts. However, if contextual similarity is determined not
only by the overlap between the two contexts (4NB) but
also by their distinctive features (4/B and B/A), the transfer
effect could be larger from one response mode to the other
than vice versa, as proposed by the contrast model.

Methods

Participants

Three hundred and ninety-five undergraduate students at
Purdue University participated in this study (N=198 in
Experiment 1; N=197 in Experiment 2). All participants
received course credits towards their introductory psychol-
ogy courses. They reported having normal colour vision
and corrected-to-normal visual acuity. The gender or age
of these students were not recorded, but they were pre-
dominantly between 18 and 22 years old, as in the typical
university student population. The experimental protocol
was approved by the Institutional Review Board of Purdue
University, and all participants filled out a written consent
form before they took part in the experiments. They
received experimental credits towards their introductory
psychology courses. In Experiment 1A (finger-move trans-
fer), there were 32 participants in the control group, 33 in
the finger-move training, and 32 in the keypress training.
In Experiment 1B (keypress transfer), there were 33 par-
ticipants in the control group, 35 in the finger-move train-
ing, and 33 in the keypress training. In Experiment 2A
(keyboard transfer), there were 34 participants in the con-
trol group, 32 in the keyboard training, and 32 in the
response-box training. In Experiment 2B (response-box
transfer), there were 33 participants in the control group,
32 in the keyboard training, and 32 in the response-box
training.

Apparatus, stimuli, and procedure

The apparatus consisted of a personal computer and a
14-inch VGA monitor. The experiment was controlled by
Micro Experimental Laboratory (MEL 2.0; Psychology
Software Tools, Pittsburgh, PA). Stimuli were white filled
circles for the training phase and red and green filled cir-
cles for the test phase. The diameter of the circles was
I cm. Stimuli appeared on the left or right of a fixation
cross presented at the centre of the screen. The distance
between a circle and the fixation cross was 7.5cm. In
Experiment 1, responses were registered by a five-key
response box, in which the leftmost and rightmost keys
were assigned to the left and right responses, respectively,
which were 7.5 cm apart. The response box was placed in
front of the computer screen so that the centre key was

aligned with the midline of the screen. In Experiment 2,
responses were registered by a standard QWERTY key-
board or the five-key response box (same as that used in
Experiment 1). For the keyboard condition, the “z” and “/”
keys at the ends of the bottom row were assigned to the left
and right responses, respectively, which were 17 cm apart.

The experiment was conducted individually under a
dim light. Participants were seated directly in front of the
computer monitor at an unrestricted viewing distance of
approximately 55cm. The training and transfer phases
consisted of 84 and 156 trials, respectively. The first 12
trials were considered as a warm-up in both phases and
were not included in the analysis. In Experiment 1, one-
third of the participants responded to stimuli by pressing
the left or right key on the response box in the training
phase. For these keypress responses, each trial started with
the fixation cross at the screen centre for 1,000ms, fol-
lowed by the imperative stimulus (circle) on the left or
right of the fixation. Another third of the participants
responded to stimuli by moving the index finger of their
dominant hand from the central key on the response box
(Home key) to the left or right key in the training phase.
For these finger move responses, each trial started with the
message “HOME KEY!!” at the screen centre. When par-
ticipants held down the home key, the fixation cross
appeared for 1,000 ms, followed by the imperative stimu-
lus, after which participants moved the index finger to
either one of the response keys. If the index finger was
lifted from the home key before the stimulus appeared, the
message “HOME KEY!!” was presented again, and the
timer was reset. In both response conditions, a circle was
presented until a response was made or for 1,500 ms if no
response occurred. An error tone was presented from the
internal speaker when a wrong response key was pressed.
The tone duration was 500ms, and its frequency was
400 Hz. The interval between a response and the next trial
was 1,500ms for both correct and incorrect responses. In
all conditions, response time (RT) was the interval between
stimulus onset and depression of a response key.
Participants were instructed to respond to circles on the
left by pressing the right key and circles on the right by
pressing the left key. The remaining one-third of the par-
ticipants did not perform the training phase and served as
the control group to examine whether a significant transfer
effect was observed in either of the training conditions.
Experiment 2 was essentially the same as Experiment 1,
except that responses were made by pressing the left and
right keys on the response box or on a keyboard.

In the transfer phase, the procedure was identical to that
of the training phase except that circles were coloured in
green or red, and participants pressed the left or right key
according to the colour. The colour-key mapping was
counterbalanced across participants. In Experiment 1A, all
participants performed the transfer phase by moving the
index finger to the left or right key (finger-move transfer);
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Table I. A summary of mean response time (RT in milliseconds) and percentage error (PE) in the training phase of Experiments |
and 2 (values in parentheses are standard errors of means).
Experiment Training condition RT PE
| Experiment | A: finger-move transfer
Finger-move 554 (22.44) 0.51 (0.13)
Keypress 371 (14.37) 1.92 (0.33)
Experiment |B: keypress transfer
Finger-move 523 (17.70) 0.79 (0.20)
Keypress 364 (8.81) 1.10 ©.21)
2 Experiment 2A: keyboard transfer
Keyboard 418 (16.10) 1.70 (0.31)
Response box 387 (13.54) 1.13 (0.22)
Experiment 2B: response-box transfer
Keyboard 391 (13.99) 1.6l (0.28)
Response box 353 (8.96) 1.23 (0.22)
Table 2. A summary of mean response time (RT in milliseconds) and percentage error (PE) as a function of stimulus—response
compatibility and training condition in the transfer phase of Experiments | and 2 (values in parentheses are standard errors of
means).
Experiment Training condition RT PE
Compatible Incompatible Compatible Incompatible
| Experiment | A: finger-move transfer
Control 586 (18.05) 631 (17.79) 0.70 (0.46) 1.89 (0.40)
Finger-move 592 (17.78) 604 (17.51) 1.66 (0.45) 1.14 (0.40)
Keypress 604 (18.05) 625 (17.79) 0.52 (0.46) 0.78 (0.40)
Experiment |B: keypress transfer
Control 415 (14.14) 430 (13.02) 2.8l (0.55) 3.30 (0.42)
Finger-move 455 (13.73) 468 (12.64) 2.80 (0.54) 2.34 (0.41)
Keypress 460 (14.14) 455 (13.02) 2.28 (0.55) 2.02 (0.42)
2 Experiment 2A: keyboard transfer
Control 470 (15.43) 480 (13.74) 3.36 (0.64) 4.19 (0.54)
Keyboard 516 (15.90) 495 (14.16) 4.05 (0.66) 222 (0.55)
Response box 500 (15.90) 492 (14.16) 2.48 (0.66) 2.26 (0.55)
Experiment 2B: response-box transfer
Control 483 (14.09) 496 (13.38) 2.61 (0.62) 5.00 (0.59)
Keyboard 478 (14.31) 468 (13.59) 243 (0.63) 2.26 (0.60)
Response box 454 (13.88) 450 (13.18) 4.01 0.61) 2.98 (0.58)

in Experiment 1B, they performed the transfer phase by
pressing the left or right key (keypress transfer). In
Experiment 2A, participants performed the transfer phase
by pressing the left or right key on a keyboard (keyboard
transfer); in Experiment 2B, they performed the transfer
phase by pressing the left or right key on the response box
(response-box transfer).

Results

Trials for which RT was shorter than 100ms or longer than
1,500ms were discarded (0.07% and 0.26% for the training
and transfer phases in Experiment 1; 0.04% and 0.20% for
the training and transfer phases in Experiment 2). Mean RT

for correct responses and percentage errors (PEs) were com-
puted for each participant and summarised in Table 1 for the
training and in Table 2 for the transfer phase. Figure 3 sum-
marises the Simon effect in RT in the transfer phase. The
following analyses focused on the transfer phase.

In Experiments 1A and 1B, RT and PE were first sub-
mitted to 3 (training condition: control vs keypress vs fin-
ger-move) X 2 (S-R compatibility: compatible vs
incompatible) analyses of variance (ANOVAs) separately.
The first variable was between-subject, and the second var-
iable was within-subject. In Experiments 2A and 2B, RT
and PE were first submitted to 3 (training condition: control
vs keyboard vs response box) X 2 (S-R compatibility:
compatible vs incompatible) ANOVAs. A significant
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Figure 3. The Simon effects in the transfer phase of Experiments |

interaction between the two variables in the ANOVA was
followed up by comparisons of the Simon effect from the
two training groups to that from the control group. We com-
puted Bayes factors (BF) based on two-tailed independent-
sample f-tests comparing the Simon effect from each
training group to the control group, against the null hypoth-
esis that there was no difference between the conditions. A
significantly smaller Simon effect was expected for a train-
ing group if training with the incompatible-mapping task
transferred to the Simon task. BF greater than 3 was taken
as moderate evidence for the transfer effect, and BF greater
than 10 was taken as strong evidence for the transfer effect.
BF less than 0.33 was taken as moderate evidence for a lack
of the transfer effect, and BF less than 0.10 was taken as
strong evidence for a lack of the transfer effect. BF between
0.33 and 3 was taken as inconclusive. The analyses were
performed in R Studio (R Core Team, 2021) with the fol-
lowing packages: tidyverse (Wickham et al., 2019),
BayesFactor (Morey & Rouder, 2022), afex (Singmann
etal.,2023), multcomp (Hothorn et al., 2008), and emmeans
(Lenth, 2022). The experimental data and analysis scripts
are available on the Open Science Framework (OSF) page
(https://osf.io/vd2mc/).

Experiment |A: finger-move transfer

In this experiment, participants practised the incompati-
ble-mapping task either by moving the index finger from
the centre key to the left or right key (finger-move train-
ing) or by pressing the left or right key with two fingers
(keypress training). The control group had no practice with
the incompatible-mapping task. All performed the Simon
task by moving the index finger from the centre key to the
left or right key (finger-move transfer).

For RT, there was a significant main effect of S-R compat-
ibility (F(1, 94)=62.67, MSE=523.40, p<.001, np2=.400),

and 2. Error bars indicate one standard error of means.

but that of training condition was not significant (F(2, 94) <1,
MSE=20,026.66, p=.787, np2=.005). The interaction
between the two factors was significant (F(2, 94)=9.00,
MSE=523.40, p<.001, np2=.161). The Simon effect was
45ms for the control group, 12ms for the finger-move train-
ing group (i.e., those who had the same response mode in
both phases), and 21 ms for the keypress training group (those
who switched the response mode in the transfer phase). The
Simon effect after the finger-move training was smaller than
that of the control group (#63)=4.33, p <.001, BF=374.47).
The Simon effect after the keypress training was also smaller
than that of the control group (#63)=3.15, p=.002,
BF=14.43). Therefore, significant transfer effects were
observed, and BFs provided strong evidence for the transfer
effect, regardless of the response mode used in the training
phase.

For PE, the main effects of S-R compatibility (F(1,
94)=1.49, MSE=3.16, p=.225, np2= .016) and training
condition (F(2, 94)=1.21, MSE=8.66, p=.301, np2=.025)
were not significant, but these variables interacted (F(2,
94)=3.72, MSE=3.16, p=.028, np2=.073). The Simon
effect was 1.19% for the control group, —0.51% after the
finger-move training, and 0.26% after the keypress training.
The Simon effect after the finger-move training was smaller
than that of the control group (#63)=2.33, p=.023,
BF=2.40). The Simon effect after the keypress training was
not reliably smaller than that of the control group
(1(63)=1.84, p=.071, BF=1.05). Although the Simon effect
was significantly smaller only after the finger-move train-
ing, BFs were inconclusive for both training conditions.

Experiment |B: keypress transfer

Participants in this group also practised the incompatible-
mapping task either by moving the index finger (finger-
move training) or by pressing the keys with two fingers
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(keypress training), whereas the control group had no
practice. All performed the Simon task by pressing the
keys with two fingers (keypress transfer).

For RT, there was a significant main effect of S-R com-
patibility (F(1, 98)=6.93, MSE=428.80, p=.010,
np2=.066). The main effect of training condition was not
(F(2,98)=2.66, MSE=11697.79, p=.075, np2=.051). The
interaction between these variables was significant (F(2,
98)=4.41, MSE=428.80, p=.015, np2= .082). The Simon
effect was 15 ms for the control group, —5 ms after the key-
press training (i.e., those who had the same response mode
in both phases), and 13 ms after the finger-move training
(those who had different response modes in the two
phases). The Simon effect after the keypress training was
smaller than that of the control group (#(64)=2.56, p=.013,
BF=3.82). The Simon effect after the finger-move train-
ing was not significantly different from that of the control
group (1(66)=0.26, p=.793, BF=0.26). BF also provided
moderate evidence for the transfer effect after the keypress
training; however, it provided moderate evidence for a
lack of the transfer effect after the finger-move training.
These outcomes indicated the specificity of the transfer
effect; that is, the transfer occurred only when the response
mode in the two phases matched.

For PE, the ANOVA showed no significant main effect
of S-R compatibility (F(1, 98)<1, MSE=6.21, p=.838,
npz <.001), or of training condition (F(2, 98)=1.39,
MSE=9.65, p=.254, n ?=.028). There was no interaction
between the two variables (F(1, 98)<1, MSE=6.21,
p=.513, np2=.014). The Simon effect was 0.49% for the
control group, —0.25% for the keypress training group, and
—0.45% for the finger-move training group. The Simon
effect after the finger-move training (2(63)=1.10, p=.277,
BF=0.42) or after the keypress training (#63)=0.90,
p=.374, BF=0.35) were not significant, and BFs were
inconclusive.

Summary of Experiment |

Experiment 1 showed that when the transfer phase used the
finger-move condition (Experiment 1A), the transfer effect
was obtained in RT, regardless of the training condition.
However, when the transfer phase used the keypress condi-
tion (Experiment 1B), the transfer effect was only obtained
in RT after the keypress training but not after the finger-
move training. Thus, the context-specificity of the transfer
effect was observed for the finger-move transfer condition
but not for the keypress transfer condition, demonstrating a
transfer asymmetry. For PE, the results were not clear-cut
because BFs were inconclusive in all conditions.

Experiment 2A: keyboard transfer

Participants in this experiment practised the incompatible-
mapping task with the response box (response-box

training) or the keyboard (keyboard training), whereas the
control group had no practice. All performed the Simon
task with the keyboard (keyboard transfer).

For RT, main effects of S-R compatibility (F(1,
95)=3.61, MSE=487.97, p=.060, np2=.037) and training
condition (F(2, 95)=1.17, MSE=14,027.89, p=.316,
n p2= .024) did not reach significance, but their interaction
was significant (F(2, 95)=7.92, MSE=487.97, p<.001,
np2=.143). The Simon effect was 10ms for the control
group, —7ms after the response-box training (those who
switched the response mode in the transfer phase), and
—21ms after the keyboard training (i.e., those who had the
same response mode in both phases). The Simon effect
after the keyboard training was smaller than that of the
control group (#(64)=4.27, p<<.001, BF=321.41). The
Simon effect after the response-box training was also
smaller than that of the control group (#(63)=2.28, p=.026,
BF=2.19). However, BF provided strong evidence of the
transfer effect for the former, but it was inconclusive for
the latter.

For PE, there was no main effect of S-R compatibility
(F(1,95)<1, MSE=8.40, p=.332, np2= .010) or of training
condition (F(2, 95)=2.13, MSE=15.22, p=.124,1 *=.043).
However, these variables interacted (F(2, 95)=3.49,
MSE=8.40, p=.034, n ?=.068). The Simon effect was
0.83% for the control group, —1.82% for the keyboard train-
ing group, and —0.22% for the response-box training group.
The Simon effect was smaller after the keyboard training
than that of the control group (#64)=2.37, p=.021,
BF=2.60). The Simon effect after the response-box training
was not significantly different from that of the control group
(1(64)=1.04, p=.304, BF=0.40). Nevertheless, BFs were
inconclusive for both training conditions.

Experiment 2B: response-box transfer

One group of participants practised the incompatible-map-
ping task with the response box (response-box training),
the other group practised it with the keyboard (keyboard
training), and the control group had no practice. All per-
formed the Simon task with the response box (response-
box transfer).

For RT, main effects of S-R compatibility (F(1,94) <1,
MSE=671.18, p=.920, npz <.001) and training condition
(F(2, 94)=1.64, MSE=11,972.17, p=.200, np2=.034)
were not significant, but they interacted (F(2, 94)=3.35,
MSE=671.18, p=.039, n ?=.067). The Simon effect was
13ms for the control group, —4ms after response-box
training, and —10ms after keyboard training. The Simon
effect after the response-box training was not significantly
different from that of the control group (#63)=1.99,
p=.051, BF=1.32). The Simon effect after the keyboard
training was smaller than that of the control group
(1(63)=2.43, p=.018, BF=2.91). However, BFs were
inconclusive for both comparisons.
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For PE, main effects of S-R compatibility (F(1,
94)=2.47, MSE=17.95, p=.119, np2=.026) and training
condition (F(2,94)=3.13, MSE=11.50, p=.062, np2 =.048)
were not significant, but their interaction was significant
(F(2, 96)=4.96, MSE=17.95, p=.009, np2=.095). The
Simon effect was 2.43% for the control group, —0.35% for
the response-box group, and —0.17% after the keyboard
transfer. The Simon effect was smaller after the response-
box training group than that of the control group
(#(63)=2.55, p=.013, BF=3.74). The Simon effect was
also smaller after the keyboard training than that of the con-
trol group (#(63)=2.51, p=.015, BF=3.40). Both BFs pro-
vided moderate evidence for the transfer effect.

Summary of Experiment 2

When the transfer phase used the keyboard (Experiment
2A), the Simon effect in RT was smaller both after the key-
board training and after the response-box training, but BF
provided strong evidence for the transfer effect only for
the former condition and was inconclusive for the latter.
The Simon effect in PE was also significantly reduced
only after the keyboard training, but BFs were inconclu-
sive for both training groups. When the transfer phase used
the response box (Experiment 2B), the Simon effect in RT
was reduced significantly after the keyboard training but
not after the response-box training, whereas BFs were
inconclusive in both cases. However, in PE, the Simon
effect was reduced significantly both after the keyboard
training and after the response-box training, and BFs pro-
vided evidence for the transfer effect for both training
groups. Hence, the results were somewhat mixed, but there
was no indication of context specificity or transfer asym-
metry in Experiment 2.

General discussion

Context-specificity of learning indicates that the similarity
between study and test contexts plays an important role in
utilising what learners have learned in the past (Godden &
Baddeley, 1975). Previous studies found that the reduction
of the Simon effect was larger when the response mode in
the transfer phase (pressing keys on the keyboard vs
deflecting a joystick to the left or right) was the same as
that of the training phase than when it differed, indicating
context-specificity of the transfer effect (Proctor et al.,
2007, 2009; Yamaguchi et al., 2015; Yamaguchi & Proctor,
2009). These findings imply that newly acquired S-R asso-
ciations are transferred to the Simon task more effectively
when the response mode in the training was the same than
when it was different. It was suggested that features that
are shared by two different response modes serve as
retrieval cues for the learned S-R associations (Yamaguchi
& Proctor, 2009). This would mean that the similarity

between the training and transfer phases is determined by
overlapping features of the two contexts (Siegel & Kahana,
2014). This feature overlap account agrees with Thorndike’s
(1914) theory of identical elements, but it predicts that the
transfer of S-R associations is symmetric between two
contexts (see Kahana, 2002). This account faces difficulty
explaining the present results.

In Experiment 1, the Simon effect was reduced after
training with the incompatible-mapping task as compared
to the Simon effect from the control group who did not
have prior training with the incompatible-mapping task.
When the response mode of the transfer phase required
moving the index finger from the centre key to the left or
right key (finger-move transfer), there was little statistical
evidence that the transfer of learning from the incompati-
ble-mapping task to the Simon effect was context-specific
(see also Tagliabue et al., 2002; Vu, 2007). When the
response mode of the transfer phase required pressing the
left or right key with the two index fingers (keypress trans-
fer), the transfer effect was only reliably observed when
the same response mode was used than when a different
mode was used in the training phase, indicating context-
specificity of the transfer effect (see also Proctor et al.,
2007; Yamaguchi & Proctor, 2009). These results demon-
strated transfer asymmetry.

These outcomes can be interpreted as indicating that the
similarity of the finger-move response to the keypress
response is greater than the similarity of the keypress
response to the finger-move response, which appears para-
doxical if the similarity of the two contexts is determined
only by their overlapping features. Based on the contrast
model (Tversky, 1977), the asymmetry is possible when
similarity also depends on distinctive features of the two
contexts. One could argue that the number of distinctive
features of the keypress response (i.c., features that were
contained in the mental representation of the keypress
response but not in that of the finger-move response) was
greater than the number of distinctive features of the finger-
move response. For instance, both the finger-move and
keypress responses required pressing the same two response
keys, but the finger-move required using one finger,
whereas the keypress response required using two fingers
that were also placed on the left and right positions. Because
“response” in the Simon task could be represented in terms
of'the key locations as well as the finger locations (Hommel,
1993), more response features could have contributed to
the formation of new spatially incompatible associations
between stimuli and response features that were present in
the keypress response but not in the finger-move response
(e.g., left and right finger positions), which could give rise
to the transfer asymmetry observed in this experiment.

It is also possible that the finger-move response involves
directional response coding (moving to the left or right) or
locational response coding (pressing a key on the left or
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right), whereas the keypress response involves two differ-
ent locational response codings (based on the locations of
keys and fingers). Without prior experience with the key-
press response, participants would adopt the directional
response code to represent the finger-move response,
which differed from the locational codes for the keypress
response in the transfer phase, preventing the learned S-R
association from transferring from the finger-move
response to the keypress response. However, with prior
experience with the keypress response, participants might
have adopted the location response code to represent the
finger-move response in the transfer phase, allowing the
learned S-R associations to transfer from the keypress
response to the finger-move response. Similar flexible
response coding was suggested by a finding of Wang et al.
(2007) for the counterclockwise or clockwise rotations of
a steering wheel in a Simon-like task for which tone pitch
was relevant and tone location (left or right) was irrele-
vant. When the steering wheel triggered a cursor to move
left or right ballistically, the cursor showed little influence
on the Simon effect. However, following a condition in
which the wheel-movement directly controlled the cur-
sor’s movement in a continuous fashion, the ballistically
triggered cursor influenced the Simon effect in a similar
manner to the continuously controlled cursor. This line of
reasoning is akin to the transfer-appropriate-processing
framework (Morris et al., 1977), which argues that retrieval
of memory depends on a functional match between the
processes that take place in the study and test contexts.

In Experiment 2, the reduction of the Simon effect
tended to depend on the type of response mode used in the
training phase rather than whether the response mode was
the same as that in the transfer phase. The reductions of the
Simon effect after training with the keyboard tended to be
more reliable, in terms of statistical significance testing,
than that after training with the response box. This pattern
of results suggests that new S-R associations were acquired
better with the keyboard, possibly because of the larger
distance between keys or the greater number of interven-
ing keys (Chen & Proctor, 2014), but they were retrieved
equally well with the keyboard or response box in the
transfer phase. The results provided little evidence of con-
text-specificity of transfer. Thus, the similarity of the key-
board to the response box is the same as the similarity of
the response box to the keyboard, which may be because
incompatible S-R associations were formed between the
same number of response features for the two response
devices (e.g., both modes including two key locations and
two finger locations).

It is not immediately clear how geometric approaches
of similarity would account for the results of this study. As
psychological similarity is considered to be a function of
the psychological distance between two objects (Shepard,
1957), the geometrical models should always predict

symmetrical transfer. An alternative approach may be a
recent model based on quantum geometry (Pothos et al.,
2013), which is also able to account for the effect of com-
parison order on similarity judgements. Although it is a
geometric model, the quantum approach distinguishes
between S(A,B) and S(B,A), but it does so by taking into
account the distinctive features of the subject, 4/B for
S(A,B) and B/A4 for S(B,A), more than those of the refer-
ent, B/A for S(A,B) and A/B for S(B,A). This is a conse-
quence of the mechanics assumed in the quantum model,
which has the property that the dimensionality of similar-
ity judgement is determined by the dimensionality of the
subject; that is, the greater the dimensionality of the sub-
ject, the more distinctive features of the subject the simi-
larity judgement would consider. Hence, if one knows
more about A than B, the similarity of A to B gets smaller
than the similarity of B to A, S(A,B) <S(B,A), as there are
more distinctive features of A (4/B) than those of B (B/4;
Pothos & Busemeyer, 2013). In Experiment 1, participants
are arguably more familiar with the keypress response than
the finger-move response, as the former is more consistent
with how a keyboard is usually used. Then, the quantum
theory may predict that transfer from the keyboard
response to the finger-move (Experiment 1A) would be
less likely than transfer from the finger-move to the key-
board (Experiment 1B), which is opposite to what we
found. Unlike these geometrical models, the contrast mod-
el’s set-theoretical formulation of similarity can account
for the results of the two experiments in this study.

It should be noted, however, that although the contrast
model is a useful framework to understand the transfer of
learning, its set-theoretical formulation is equivocal as to
the cognitive mechanisms underlying similarity judge-
ment. Transfer asymmetry has been observed consistently
in bilateral motor learning (Hicks, 1974), but the direction
of asymmetry has been difficult to predict (Sainburg &
Wang, 2002). For example, Parlow and Kinsbourne (1989)
found that training with a non-preferred arm transferred to
a preferred arm better than the reversed direction, whereas
Taylor and Heilman (1980) found that the opposite was the
case. This flexibility seems to arise from the specific prop-
erties of the learning tasks. The contrast model assumes
that object properties are fixed, but their psychological
representations can change according to the weights asso-
ciated with the distinctive features (o and 3 in Equation 2).
In the current form, the contrast model allows such flexi-
bility based on free parameters, but how these parameters
behave in different task settings is not determined within
the framework. Incorporating some mechanisms that con-
strain these free parameters is necessary to derive specific
predictions in a particular transfer context.

In a previous study, Navarro and Lee (2001) designed
their cluster analysis based on the contrast model and
applied to experimental data to find that people do seem to
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use distinctive features in their similarity judgement.
Rorissa (2004) also used the contrast model to formulate a
structural equation model and found that distinctive fea-
tures accounted for the variance in the similarity judgement
of images. These findings support the contrast model’s
assertion that psychological similarity depends on both
common and distinctive features of objects. On the con-
trary, Evers and Lakens (2014) tested the contrast model in
terms of its concept of diagnostic features, features that
determine similarity judgement of objects, and obtained
results that questioned the model. Shannon (1988) also
questioned the validity of the concept of feature as the basis
of a cognitive model, echoed with Wittgenstein’s (1953)
claim that objects cannot be defined by sets of features. As
Shannon argued, the contrast model can help understand
some orderly patterns of data and offers a theoretical frame-
work to characterise similarity judgement in relation to
common and distinctive features, but one can still question
whether similarity judgement indeed relies on features as
such. An alternative view may be expressed in terms of
underlying psychological processes, as in the transfer-
appropriate-processing framework (Morris et al., 1977),
and it is unclear how the concept of features relates to that
of processing. Hence, the specification of features contin-
ues to be a challenging task for Tversky’s framework.

Concluding remarks

Perceiving the similarities and differences between different
contexts is crucial for adaptive human behaviour, to utilise
prior learning in an environment that is ever-evolving.
Strictly speaking, there are no two identical contexts that
one could encounter in everyday life, but human cognition
is so flexible that what is learned in one context can be uti-
lised in another context. If one fails to perceive the similar-
ity between contexts, learning may be completely useless.
To understand the effectiveness of learning, it is important
to promote a theoretical understanding of similarity percep-
tion. The use of a transfer of learning paradigm is a useful
method to advance such theoretical efforts. As in previous
studies of the transfer of learning paradigm using different
response modes (Yamaguchi et al., 2015; Yamaguchi &
Proctor, 2009), this study demonstrated that learned incom-
patible S-R associations do not always transfer from one
response mode to another response mode. The finding from
Experiment 1 is especially troublesome for a geometric
model of similarity as transfer should be bidirectional if it
depends on the similarity of two contexts. Instead, the
results support Tversky’s (1977) suggestion that psycho-
logical distance does not always satisfy the symmetry axiom
of a distance metric. Although his contrast model is still too
general to generate specific predictions for the present
experiments, the model still provides a useful interpretative
framework for the underlying psychological representations
that gave rise to the results in the present experiments.
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