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The nature of inhibition in a working memory search task
Krzysztof T. Piotrowski a,b, Jarosław Orzechowskia and Zbigniew Stettnera

aInstitute of Psychology, Jagiellonian University, Kraków, Poland; bAcademy of Music, Kraków, Poland

ABSTRACT
Inhibition is one of the key processes that regulate working memory (WM) activity. The
main research question concerned the nature of inhibition of highlighted information
in WM. The study was designed to examine two competing hypotheses. The first
assumed that inhibition is carried out by deletion of irrelevant information from the
focus of attention (cognitive inhibition account). An alternative hypothesis assumed
that it is the response to a correctly recognised stimulus that is inhibited (effortful
response inhibition account). Two experiments with a spatial modification of the WM
serial search task were conducted wherein two factors were manipulated: serial order
of the items, and distance from the central fixation point. In both experiments, higher
response time was correlated with a smaller distance from the fixation point. The
inhibited items were recognised equally efficiently or better than the uninhibited
items. The results support the effortful response inhibition account over the cognitive
inhibition account.
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Introduction

The fundamental problem addressed in this paper is
the nature of inhibition of the distinguished infor-
mation in working memory (WM). Necessity of
inhibiting the distinguished information is well illus-
trated by the Taboo game in which a player’s task is
to make other players guess a target word without
using that target word and several others that are
closely related to the target word, printed on the
player’s card. Reading these words, which is necess-
ary before the start of each round, activates their
representations in WM, and as a result, they are
more accessible, but must not be used. Therefore,
searching through memory for other terms related
to the target word may be more difficult. To efficien-
tly perform the task in the Taboo game, the player
must inhibit mental processes or representations.
In our study, we investigate a far simpler case than
that illustrated by the Taboo game. Within a set of
circles or letters to-be-remembered by participants,
we distinguish some stimuli by colour and partici-
pants have to ignore them during a recognition
phase. The question posed here is whether the inhi-
bition of irrelevant but highlighted information in
WM is based on inhibiting the process of response
to a given item, or on lowering the activation of

that item’s representation in WM. After Howard,
Johnson, and Pascual-Leone (2014) we term the
first type of inhibition described here as response
inhibition, and the second as cognitive inhibition.

Inhibition and WM

The main research problem to be tackled here
involves determining the nature of inhibition that
occurs during the task of searching the contents of
WM. Miyake and colleagues (2000) described three
semi-separated groups of executive functions of
WM: shifting between tasks or mental sets, updating
and monitoring of WM representations, and inhi-
bition of dominant or prepotent responses. The
definition of the concept of inhibition proffered by
MacLeod (2007) indicates that not only processes
but also representations in memory can be inhibited.
The inhibition of activation of information stored in
WM can be a process involved in active updating of
the contents of WM (Harnishfeger & Pope, 1996).

MacLeod (2007) suggests that one should define
the meaning of the term inhibition. Regarding this
suggestion, we use two taxonomies of inhibition to
clearly describe how we interpret response inhibition
and cognitive inhibition. According to the taxonomy
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proposed by Howard et al. (2014) inhibition can be
carried out even at the level of stimulus perception.
For instance, lateral inhibition (i.e. a suppressive
zone surrounding the location as described by
Hopf, Boehler, Schoenfeld, Heinze, & Tsotsos, 2010)
is an example of automatic cognitive inhibition.
Within Howard et al.’s taxonomy, active and con-
trolled inhibition is also possible by actively ignoring
the stimulus which is to be omitted and by atten-
tional neglect of irrelevant features of its represen-
tation. This type of inhibition is called effortful
cognitive inhibition by the authors. In the situations
described above, the inhibited stimuli find their way
to the WM system, but they are actively attenuated.
The third form of inhibition is effortful response inhi-
bition, which consists of suppressing a typical, highly
automated (prepotent) response.

Another division, made by Hasher, Lustig, and
Zacks (2007; Hasher & Zacks, 1988), refers to cogni-
tive effects of information inhibition in WM. The
first function of inhibition is the inhibition of
access. This type of inhibition aims to prevent a
given chunk of information from reaching the
focus of attention. The second function is the del-
etion of irrelevant information from the focus of
attention. This function is of particular interest for
the purpose of the present study because it
assumes that the inhibited chunk of information
has found its way to the focus of attention and is
actively inhibited by lowering the stimulus’ acti-
vation. This inhibition corresponds to effortful cogni-
tive inhibition. The third function, restraining
prepotent responses, has been studied most often
and is considered to be the most representative
form of inhibition (Miyake et al., 2000). It corre-
sponds to the effortful response inhibition in the tax-
onomy proposed by Howard et al. (2014).

All the taxonomies of inhibition cited above
clearly distinguish the inhibition of reaction and
the inhibition of information. In our study, these
two general types of inhibition, which may play an
essential role in WM search, have been taken into
account. We adopted the names of inhibition from
Howard et al. (2014). Therefore, in the context of
the present study response inhibition aims to restrain
prepotent responses. The cognitive inhibition aims to
remove irrelevant information from the focus of
attention. Such removal can be done with a
passive, automated mechanism or effortfully (Fried-
man & Miyake, 2004). Thus inhibition in WM would
generally occur by attenuating the availability of
the WM content (cognitive inhibition) or by avoiding

reactions involving the WM content (response
inhibition).

To understand and examine the process of
searching WM content, sketching out the expla-
nation of possible mechanisms involved in WM
searching is required. There are by now many
models of WM that highlight different aspects of
short time storage and information processing (see
Miyake & Shah, 1999). The modal model proposed
by Baddeley and Hitch (1974; Baddeley, 2000) and
models based on Cowan’s idea that WM is an acti-
vated part of long-term memory (Cowan, 1999) are
the most influential (Gruszka & Orzechowski, 2016).
According to Baddeley (2000), visuospatial and
verbal information in WM is stored and processed
in separate modules. But the most important
aspect for the analysis of inhibitory processes is
that the information is retrieved in memory loops
under attentional control. The main idea of the acti-
vational models of WM (Barrouillet & Camos, 2007;
Cowan, 1999, 2001; Oberauer, 2002) is that attention
is focused on WM content. The activation of infor-
mation in LTM is achieved by focusing attention
on items stored in WM. Items held in the focus of
attention are the most active ones, i.e. the most
readily available. Behaviourally, higher accuracy or
shorter response times for recalling these items is
observed (Forrin & Cunningham, 1973; Sterneberg,
1969). However, the chunks of information outside
the focus of attention do not decay completely,
but become less accessible. Oberauer (2002)
defines these items as the content of the region of
direct access. The effectiveness and time of recall
or recognition depends on the strength of the
recalled or recognised item’s activation in WM.

WM search process

Research undertaken by Oberauer and Lewan-
dowsky (2008, 2014), Farrell et al. (2016), Lewan-
dowsky and Brown (2005) and Orzechowski, Balas,
and Nęcka (2016) showed that the process of search-
ing of WM is not homogeneous: it is possible to dis-
tinguish two phases. The first phase of the search is
based on global, simultaneous, and parallel assess-
ment of the strength of information activation in
WM. This creates a kind of activation map that facili-
tates quick access to the most active chunks of infor-
mation and puts the material in order for a
sequential search in the second phase. Recognition
in the first phase is based on the familiarity mechan-
ism according to which recognition of an item that is
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strongly activated or distinguished from others is
carried out quickly (Yonelinas, 1994; Yonelinas &
Jacoby, 1996). Information that is not sufficiently
“distinctive” to be recognised in the first phase
must be reactivated by sequential and attentional
scanning of WM. This phase uses the process of
recollection (Yonelinas, 2002). Chunks of information
that are weakly activated or too similar to one
another increase the probability of interference
and reduce the chance of rapid recognition
through familiarity. Interference between stimuli in
the set is greater if two stimuli are separated with
shorter time intervals.

Gilchrist and Cowan (2015) analysed results of
experiments on visuospatial WM search and
pointed out that there are two possible search pro-
cesses that proceed separately. The first one is the
exhaustive, parallel, and simultaneous searching of
the entire content of visuospatial memory. This
process makes it possible to respond very quickly.
The second process is the classic sequential
memory search (Sternberg, 1966) and requires
longer response times. Gilchrist and Cowan (2015)
argue that both processes can work interchangeably
and they do not formulate a model in which the
search would go successively through the parallel
phase and the sequential phase. Shioiri, Honjyo,
Kashiwase, Matsumiya, and Kuriki (2016), in contrast,
formulate a model in which the search successively
goes through the parallel phase first and then
through the sequential phase. In the first phase
(early stage), attention is dispersed and covers a
larger spatial area in parallel mode. Shioiri et al.
(2016) identified an automatic parallel process of
comparing stimuli in terms of their activation
strength, and a second, top-down process based on
active operation of the focus of attention in memory.

Below we discuss two possible ways to obtain
reduced availability in WM. The first one is the
time delay. The second is to introduce additional
conditions in which interference between the recog-
nised item and other stimuli will occur.

Time delay and interference as an
availability attenuator

Studies on WM search indicate that if items are
stored sequentially (as in the case of word
sequences while reading), then the earlier they
appeared in the order of presentation, the less
accessible they are. That is called the serial position
effect. Usually, the most accessible item is the most

recent item that is maintained in the focus of atten-
tion (McElree, 2001; Oberauer, 2002). Recently, an
interesting discussion has been held about the
nature of time-cause of forgetting in WM. The tra-
ditional view explains the forgetting by time decay
(Ricker, Vergauwe, & Cowan, 2016). This explanation
of forgetting assumes that the content of WM
decays with time or that the activation of elements
decreases below some threshold level (Cowan,
1999). The concept of time interference assumed
that the stimulus separated in time from other
stimuli is more distinctive and thus recognised
faster than when that stimulus is crowded with
other stimuli presented in a short time. This dimen-
sion of interference is postulated by Neath (1993;
see also Mercer, 2015; Oberauer & Lewandowsky,
2008). Because the nature of time-caused forgetting
in WM is not clear, in this paper we use the term time
delay for the experimental situation of manipulating
the time gap between target and probe. In our
experiments, time delay means the target position
in a presented set. The lower the target position,
the more time passed from its presentation to pres-
entation of the probe. The serial position effect (time
delay) can be used to discover how efficiently the
information with various degrees of accessibility
can be inhibited. The inhibition in WM would gener-
ally occur by attenuating the availability of the WM
content (cognitive inhibition) or by avoiding the reac-
tion on the WM content (response inhibition).

The spatial neighbour interference

As in the two-phase model of searching verbal infor-
mation presented sequentially (Orzechowski et al.,
2016), the two-phase process of searching visual
WM (Shioiri et al., 2016) is particularly susceptible
to interference in its first phase (Gorgoraptis,
Catalao, Bays, & Husain, 2011). In case of spatial
material presented in parallel, as in the case of the
material presented sequentially, the interference
increases when the distance between the items pre-
sented in the task decreases (Oberauer & Lin, 2016).
The interference and its influence on the parallel
phase of searching the WM content is a very useful
tool for investigating the type of inhibition in the
task we adopt.

The traditional concept of visual attention as a
spotlight suggests that the smaller the area on
which attention is focused, the stronger is the
memory representation of items located in that
area. Items that are more spatially distanced will
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be less accurately recalled (Heinze et al., 1994;
McCormick & Klein, 1990). But if there is a distractor
in the visual field, the recognition of the target
becomes more difficult. Gatti and Egeth (1978)
showed in a modified Stroop task the interference
effect when a distractor was located up to 5
degrees from the target stimulus. More recent
studies show that the distractor appearing within
even broader visual angle (up to about 12 degrees:
Steinman, Steinman, & Lehmkuhle, 1995; see also
Goolkasian, 1997) leads to interference. But the
capacity of spatial WM for sequentially presented
items (like in the Corsi task) seems to depend on
many factors (i.e. set size, random or predictable
order; see Boduroglu & Shah, 2014; Kemps, 1999).

A number of studies show that stimuli more dis-
tanced from one another are recognised faster and
more correctly, and vice versa, participants make
more mistakes or need more time for a correct
response when recognising items that are spatially
located close to each other (Bahcall & Kowler,
1999; Franconeri, Alvarez, & Enns, 2007; Kim &
Blake, 2005; Pelli, 2008). The efficiency of WM
depends on the spatial distance between particular
items of the set (the Euclidean distance: Rerko, Ober-
auer, & Lin, 2014), so the closer they are one to
another, the greater is the probability of interference
between them. This is how, for example, Livne and
Sagi (2007), and Abbes, Gavault, and Ripoll (2014)
explain the dispersion effects obtained in their
studies.

Investigating WM for spatially remote items pre-
sented sequentially, we need to make assumptions
about the nature of spatial representation in WM.
The neighbour interference should occur if the
spatial representation of sequentially presented
stimuli reflects the location of items and their
spatial relations. If representations of sequentially
presented stimuli are independently coded in WM,
then interference should not occur. After Boduroglu
and Shah (2014), we can make an assumption that at
least partially, the representation of sequentially pre-
sented items in different spatial locations is rela-
tional. Thus, the distance effect should be visible in
searching of WM content and it can be used as a
way of manipulating the strength of interference
in the spatial presentation of items to memorise.
At present, this is merely a hypothesis, but its
exploration could potentially yield a better insight
into the nature of spatial WM. Therefore, in this
study, we use spatial material for memorisation.
The arrangement of stimuli at two distances from

the central fixation point will allow us to obtain a
differentiated strength of the neighbour interfer-
ence. The stimuli located closer to the focus of atten-
tion should be more susceptible to interference than
the more distanced ones. Cognitive inhibition can
slow down the search for information that has
been presented at a far distance. In contrast,
response inhibition should not affect the neighbour
interference.

The research concept and hypotheses

In this study, we use an adapted memory scanning
task (Sternberg, 1966). According to the previous
considerations, two variables are introduced into
the Sternberg’s experimental procedure. The role
of these variables was to decrease the availability
of the item representation in WM. The first variable
is the position of the target in the set, and the
second one is the spatial distance from the fixation
point (and therefore the distance between closer
and farther items on the screen). In Experiment 1,
participants were required to memorise the spatial
location of circles presented sequentially. The
circles were arranged in two distances—closer and
farther—from the central fixation point. This
manipulation makes it possible to obtain stronger
interference for circles situated closer to the
fixation point than for the more distant ones.

To manipulate inhibition, we varied the colour of
remembered stimuli, instructing participants that
they should respond “NO” to probes in the former
location of a green stimulus. Among six stimuli pre-
sented in a sequence, five were black and one was
green. Participants were instructed to ignore the
green stimulus and deny its presence at test by
responding NO. The stimulus distinguished with
green colour will be further referred to as to-be-
ignored (TBI) item in opposition to the black
target, which demands the YES answer and will be
called to-be-remembered (TBR) item. The manipu-
lation described in the foregoing, was intended to
introduce the necessity of inhibiting typical
responses during the recognition of stimuli in the
test phase. It was considered that these modifi-
cations would allow for dissociation of inhibition at
the mnemonic level and at the response level.

Based on previous considerations, two scenarios of
the inhibition process can be predicted, one in
accordance with the cognitive inhibition hypothesis,
the other coherent with the response inhibition
view. In the case of the cognitive inhibition account,
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activation of the inhibited item in WM decreases. This
process would cause the recognition of distinguished
items to mainly take place in the sequential phase of
the search. As a result, it would be predicted that a
longer response time will arise for TBI item compared
to to-be-remembered targets. The manipulation of
the target position in the set would render it possible
to compare the availability (indicated by response
time) between more and less-activated TBI items. In
this hypothetical scenario, the cognitive inhibition
decreases the activation, so the recognition of TBI
items should occur in the sequential phase despite
its position in the set. Therefore, no significant serial
position effect should be visible in the TBI condition.
The correct response for “no-target” probe (response
NO) takes place within the second, sequential phase
of searching WM content (see Orzechowski et al.,
2016). The response times for TBI items should then
be comparable with the RT for no-target condition.

The manipulation of the spatial distance between
target and the centred fixation point (and thus the
distance between targets) should induce the neigh-
bour interference. Interference in WM content
causes the decrease of distinctiveness of item rep-
resentation and primarily disrupts the recognition
based on the parallel phase of searching (Gorgoraptis
et al., 2011). According to this scenario, there should
be no visible differences in responses times for TBI
items at close and far distance. At both distances,
the recognition will be difficult because of the cogni-
tive inhibition, thus the searching of TBI items will be
sequential. Therefore, no significant serial position
effect should be visible in the TBI condition.

The second scenario of the inhibition process cor-
responds to the inhibition of a response in the
absence of the distinguished item weakening. In
such a case, there is no cognitive inhibition of the
stimulus. The stimulus is recognised as present in
the set, and inhibition occurs when the correct
response is being selected. In this scenario, the
results for the TBI item recognition should be the
same as the responses for TBR items. The serial pos-
ition effect for TBI items should be visible: the
response times should get slower together with
the rising of TBI item position in the set. The last
item in the set should be recognised with the use
of the parallel phase of searching, and thus it
should be recognised with the lowest RT.

To be able to draw conclusions about the detailed
impact of inhibition on WM searches, some general
assumptions must be met. The first assumption is
that the close spatial distance causes longer

response times than the response times for target
(TBR items and TBI items) at a far spatial distance
(neighbour interference). Secondly, we assume that
items presented later in the set are recognised
with a lower RT (serial position effect). However,
one should consider the possible overlap of serial
position and spatial distance effects. Hence, for infer-
ence about the type of inhibition in the task, we will
focus on the analysis of the conditions in which the
serial position effect will not be disrupted by neigh-
bour interference and vice versa. Introducing inter-
ference should mean that the to-be-ignored items
become recognised primarily with the use of the
sequential phase of WM search. TBI items without
additional interference at the last position should
be recognised mostly with the use of the parallel
phase. Therefore, the recognition of TBI items at
close distance (neighbour interference) should be
slower than in the case of the recognition without
interference. The expected results with regard to
the type of inhibition are presented in Table 1.

Experiment 1

Material and method

Participants
The study involved 43 Jagiellonian University students
of various disciplines. Mean age = 21.3 (SD = 2.23).

Table 1. The expected results for serial position and spatial
distance with regard to the type of inhibition.

Expected results
indicated type of

inhibition
Cognitive inhibition Response inhibition

Serial position effect at
far spatial distance
(time decay or
temporal
interference)

Absent for TBI
items,
Present for TBR
items

Present for TBI items,
Present for TBR
items

Spatial distance effect
for the last presented
item (neighbour
interference)

RT for TBI items for
the last presented
item lower at
close spatial
distance than at
far spatial
distance

No RT differences for
TBI items at the last
serial position
between close and
far spatial distances

Comparison between
TBI items and “no-
target”

No differences
between RTs for
TBI items and “no-
target”

RT for TBI items
significantly lower
than RT for “no-
target”

Notes: TBR (to-be-remembered) items are the black circles placed at the
same spatial location as the probe presented at the end of trial. The
correct answer for TBR is the YES response. TBI (to-be-ignored) items
are the circles highlighted in green placed at the same spatial location
as the probe presented at the end of trial. Participants are instructed
to ignore green items. The correct answer for TBI items is the NO
response.
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Fourteen males and 29 females. The participants were
volunteers; they were informed that their partici-
pation was anonymous and that they were free to
withdraw from the experiment at any time.

Material and procedure
In Experiment 1, we used a modified procedure of
the memory search task by S. Sternberg (1966).
The basic modification consisted in the use of
spatial stimuli. Participants were seated at a
viewing distance of about 70 cm from the computer
screen. At the centre of the screen, there was a
fixation point (“+” sign) displayed throughout the
entire memorisation phase. Participants were
instructed to keep their eyes on that spot. On the
computer screen, circles of 1 cm diameter were pre-
sented, always in one of eight places on the screen
(Figure 1). Four locations were on the diagonal
lines at the distance of 1/3 of the half of diagonal
from the central fixation point. This distance is
described further in the article as close distance.
On a 27′′ screen used in the experiment, the close
distance was 11.46 cm from the fixation point at
the centre of the screen. Stimuli at close distance
were presented with visual angle = 9° 21′. The next
four locations were also on the diagonals, at a dis-
tance of 2/3 from the fixation point (far distance).
On the computer screen, the far distance was
22.93 cm from the fixation point (visual angle = 18°
36′). These computations are approximate because
a chin rest was not used during the study. Partici-
pants were physically able to move their heads
and eyes throughout the course of the study.

However, the instruction to focus their attention
was frequently repeated throughout the study.

The circles appeared sequentially on the screen
for 750 ms. In each set, there were five black
circles and one green circle. The interval between
the exposures of the circles was 200 ms. In the
response phase, the black circle was presented at
one of the eight locations.

After the last stimulus from the set had disap-
peared, the “+” sign changed to a question mark
“?” to signal the beginning of the response phase.
After 500 ms, a probe appeared in one of the eight
places on the screen. Participants were to respond
whether the probe was in a place occupied by the
black circle in the presentation phase. If in the
response phase the probe circle appeared in a
place occupied earlier by the green circle, they
were to give a negative response. Participants
responded YES by pressing the right arrow key,
and NO by pressing the left arrow key on the com-
puter keyboard. After they had responded, or
failed to respond for 5000 ms, the “+” sign appeared
on the screen again, and a new series started after
200 ms. If participants did not respond within the
time allotted, the response time was not taken into
account in the results. Before the actual experiment,
participants performed three training trials.

The study included a total of 270 sets consisting
of six items. There were 90 presentations with the
black circle as the target (TBR item condition): 3 pos-
itions in the set (2nd, 3rd, and 5th) × 2 distances (far
and close) × 15 presentations. Similarly, there were
90 presentations with the green circle as the target

Figure 1. In the bottom left corner, one can see locations of places where stimuli could be presented, at far spatial distance
(A) and at close spatial distance (B), and the central fixation point (+) on the screen. Above, a sample trial is shown. Presen-
tation of each stimulus lasted 750 ms and was separated with a 200 ms interval. After a set of six stimuli was presented, a
question mark appeared for 500 ms on the screen, followed by a test board. The test probe could appear in a place where a
black circle (to-be-remembered target item, TBR) was presented before, in a place where a green circle (to-be-ignored item,
TBI) appeared before, or in a place where no circle appeared before (no-target). [To view this figure in color, please see the
online version of this journal.]
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(TBI condition), also 3 positions in the set (2nd, 3rd,
and 5th) × 2 distances (far and close) × 15 presenta-
tions. And there were also 90 presentations in which
the probe circle (45 black probes and 45 green
probes) appeared in a different place than in the
first stage (“no-target” condition). The average time
of one trial was around 10 s. The entire experimental
procedure took around 45 min. The six-element set
in Sternberg’s task permits the division of a set
into three equal parts: items 1st and 2nd, items
3rd and 4th, and items 5th and 6th. Selection of pos-
itions 2 and 5 was made in order to avoid extreme
results attributable to primacy and recency effects.

The instruction for participants was as follows.

In the middle of the screen, there is a “+” sign. Try to
keep your eyes on it. At different distances from this
sign, a circle “O” will appear. In some cases, it will be
green. After the circle appears six times, a question
mark “?” will replace the “+” sign, and a black circle
will appear in one of the places on the screen. Your
task is to respond whether among the six circles dis-
played before, any black circle was displayed in the
indicated place. Attention! If in the test phase a
circle appears in the place where a green circle
was displayed before, you must respond NO,
because the question applies to black circles only.

Eye movements were not measured. According
to Abbes et al. (2014) the interference between
two objects increases when these objects are in
closer spatial proximity and decreases when they
are distant. The neighbourhood interference is
mainly determined by the closeness of the target
to the other stimuli in the visual field. Thus, in our
study, it is sufficient to reduce the distance
between the presented stimuli to obtain neighbour
interference and eyetracking is not necessary. By
increasing the distance from the centre, the distance
between stimuli also increases. Before each attempt,
a “+” sign appeared in the centre of the screen. Sub-
jects were reminded to keep their eyes on this sign.

The measure of accuracy was the arithmetic mean
of correct responses in particular trials. Zero points
were awarded for an incorrect response, and one
point was awarded for a correct response. The
measure of accuracy was in the range from zero to
one. The response time was measured in milliseconds
from the appearance of the probe to the participants’
response (pressing the appropriate key).

Results

Statistical analyses were performed with the use of
STATISTICA 13 (2016) and JASP 0.8.1.2 (2017)

programmes. Notation and interpretation of Bayes
factor (BF) is taken from Wetzels et al. (2011) and
Ly, Verhagen, and Wagenmakers (2016). The sub-
script 10 means that the value of BF favours hypoth-
esis 1 against 0. All Bayes analyses provided here
identify hypothesis 1 with the presence of differ-
ences between variables, and hypothesis 0 is ident-
ified with lack of the differences. We adopted the
interpretation of BF suggested by Wetzels et al.
(2011). The values of BF10 above 3 are interpreted
as substantial or stronger evidence in favour of
hypothesis 1, and the values below 0.33 are inter-
preted as substantial or stronger evidence in
favour of hypothesis 0 and against hypothesis
1. BF values that are between 3 and 0.33 are not con-
clusive to infer favour of any hypothesis.

To answer the research questions, changes in
response times (RT) were considered due to the
manipulation of TBR item vs. TBI item position in
the set (position 2, 3 and 5) and distance (far vs.
close). The first part of the analysis was carried out
to check the validity of the basic assumptions on
which the predictions of inhibition in the WM
search task were based. Regarding theoretical con-
siderations about the weakening of availability by
time delay, we expected to observe the serial pos-
ition effect. General effect of serial position was sig-
nificant, F(2, 84) = 7.16, p < .001, η2 = .15, BF10 =
4.53. In all statistics in our text, we are reporting
values of partial eta square.

We also presumed the appearance of neighbour
interference and therefore higher RT for close
spatial distance than far spatial distance. The mean
response time for targets located farther away
from the fixation point (mean = 1,155 ms; SD = 163)
was shorter than the mean response time for
targets located closer to it (mean = 1,200 ms; SD =
187). This difference was significant, F(1, 42) =
19.53; p < .001, η2 = .32, BF10 = 293. Both of the
assumptions stated above have been met.

More detailed analysis includes two-way and three-
way interactions. The only significant two-way inter-
action was serial position * target, F(2,84) = 3.83, p=
.026, η2 = .084, BF10 = 4.1. The three-way interaction
between spatial distance (far, close), serial position
(2nd, 3rd and 5th) and the type of item (TBR, TBI) was
nonsignificant. This result indicates that the influence
of variables may overlap and their role at a lower
level of analysis should be investigated. General
results and the interaction are shown in Table 2.

Due to the procedure in which we introduce
three manipulations in one task, we analyse in
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detail the interactions that are crucial for the hypoth-
eses (see Table 1). The first of the detailed analyses is
the comparison of response times for TBI items
between positions in the set. In order to avoid
additional possible influences from neighbour inter-
ference, we only analyse results for targets pre-
sented at far spatial distance. If cognitive inhibition
is dominant in the task, the RT for TBI items should
not differ depending on the serial position in the
set. We predict that cognitively inhibited items will
have low activation and their recognition will
require the use of a second, sequential phase of
searching WM content. Recognition times should
not significantly differ due to the serial position of
TBI items in the set. However, if inhibition occurs
at the reaction level, the availability of items that
were presented later, should be higher and there-
fore RT should decrease.

The serial position effects at far spatial distance
were statistically significant, F(2, 84) = 5.68, p < .005,
η2 = .12, BF10 = 7.16, indicating that the more
recently presented items were recognised faster.
The means and standard deviations of RTs at
different positions are shown in Table 3. The serial

position effect at far distance was significant for
TBI items, F(2, 84) = 4.69, p = .012, η2 = .1, BF10 =
3.28. Surprisingly, we observed a lack of position
effect for TBR items, F(2, 84) = 0.61, p = .55, η2 = .01,
BF10 = 0.12 (see Figure 2). We will consider this
result further in the discussion. The presence of
the serial position effect for TBI items is consistent
with the scenario indicating the dominant role of
response inhibition. The means and standard devi-
ations of RTs at different serial positions are shown
in Table 2.

Our previous analysis already showed that
response times at far distance were shorter than
those at close distance. The differences of response
times were significant in comparisons between
close and far distances both for TBR items, F(1, 42)
= 8.81, p < .005, η2 = .17, BF10 = 7.38, and for TBI
items, F(1, 42) = 22.27, p < .001, η2 = .35, BF10 = 631.
In general, a significant increase of response times
has been observed for targets that were closer to
the fixation point and closer to other stimuli. This
result suggests the influence of neighbour interfer-
ence at close distance. As we saw before, the effect
of the serial position in the set was also significant
for TBI items. To avoid influences related to serial
presentation of targets, we focus our consideration
on the comparison between distances for TBI items
only in the most available position (5th position).

The general effect for spatial distance in the 5th
position showed lower RT for targets at far distance

Table 2. Interactions between spatial distance, serial
position and type of target in Experiment 1.

df F p η²

Spatial distance 1 35.119 <.001 .455
Residual 42
Serial position 2 7.163 .001 .146
Residual 84
Target 1 2.084 .156 .047
Residual 42
Spatial distance * serial position 2 0.704 .498 .016
Residual 84
spatial distance * target 1 2.318 .135 .052
Residual 42
Serial position * target 2 3.833 .026 .084
Residual 84
Spatial distance * serial position * target 2 0.080 .923 .002
Residual 84

Table 3. Descriptive statistics of the response times for the
TBR and TBI items at far distance for three different
positions in the set.
Position Item Mean SD

2 TBR 1,175 181.4
TBI 1,167 192.2

3 TBR 1,161 171.7
TBI 1,126 216.0

5 TBR 1,159 165.1
TBI 1,087 227.9

Notes: TBR items (to-be-remembered targets) are the black circles
placed at the same spatial location as the probe presented at the
end of trial. TBI (to-be-ignored) items are the circles highlighted in
green placed at the same spatial location as the probe presented
at the end of trial. Participants are instructed to ignore green items.

Figure 2. Serial position effect for response times [ms] at far
spatial distance. Positions 2, 3 or 5 mean the number of item
position in the set of sequentially presented circles. TBR (to-
be-remembered target) is the item placed at the same
spatial location as the probe presented at the end of trial.
TBI (to-be-ignored) item is the item highlighted in green
placed at the same spatial location as the probe presented
at the end of trial. Participants are instructed to ignore
green items. [To view this figure in color, please see the
online version of this journal.]
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than at close distance, F(2, 42) = 9.34, p = .004, η2

= .18, BF10 = 3.7. This means that generally, for the
most activated items in WM, the neighbour interfer-
ence occurs. But the interaction target × spatial dis-
tance was nonsignificant, F(2, 42) = 1.02, p = .32, η2

= .02, but the Bayes factor does not favour the lack
of significance, BF10 = 2.3. Contrast analysis
showed that RTs for TBI items at position 5 at far dis-
tance are significantly lower than RTs for TBI items at
position 5 at close distance, F(1, 42) = 5.71, p = .021,
η2 = .12. However, these results are not conclusive
because the Bayes factor is low, BF10 = 2.31. Thus,
the key analysis for resolving the type of inhibition
with an additional weakening of the availability of
items in WM does not give enough data to make
inferences about the type of inhibition in the task.

According to the two-phase model of searching
WM content, a correct answer for a “no-target”
probe does not occur during the first phase of
searching. There are no correct activated items to
match the probe. Thus the “no-target” probes
result in high RT because a participant finds the
right response (NO) in the second, serial phase
(Orzechowski et al., 2016). Due to the response
inhibition scenario, the comparison between highly
activated TBI items and “no-target” conditions
should result in higher RT for “no target”. But due
to cognitive inhibition, there should be no signifi-
cant differences between TBI items and “no-
target”. Analysis of variances showed significantly
lower RT for TBI items (mean = 1,161 ms, SD =
183.2 ms) than for “no target” (mean = 1,198 ms,
SD = 201.9 ms) with p = .045, F(1, 42) = 4.27, η2

= .09. However, the Bayes factor is inconclusive,
BF10 = 1.31. Since this result is inconclusive, we
made comparisons between “no-target” and TBI at
far distance (mean = 1,126 ms, SD = 188.5 ms) and
close distance (mean = 1,185 ms, SD = 190.1 ms).
RTs for TBI items at far distance were shorter than
RTs for “no target”, F(1, 42) = 16.48, p < .001, η2

= .28, BF10 = 109.7, but there are no differences
between “no-target” and TBI items at close distance,
F(1, 42) = 0.011, p = .917, η2 < .0001, BF10 = 0.22. For
far distance, we observed results consistent with the
notion of response inhibition, but for close distance,
the pattern of results had characteristics consistent
with the notion of cognitive inhibition.

Discussion

The analyses clearly indicate that the distance had
an influence on recognition response times. The

response times results are consistent with our
hypothesis concerning neighbour interference. As
expected, circles located closer to the centre were
recognised more slowly than those located at a
greater distance. This result provided the rationale
to use the distance manipulation to weaken the
availability of items stored in WM in Experiment
1. Therefore we decided to use the distance manipu-
lation in further procedures.

What surprised us was the lack of serial position
effect for TBR items. However, unlike the majority
of studies in which the position effect was observed
(i.e. Cowan, 2001; McElree, 2001; Oberauer, 2002;
Sterneberg, 1969), subjects in our task were pre-
sented with a set of stimuli wherein one stimulus
was highlighted with colour. The lack of a significant
serial position effect for non-highlighted elements
may be associated with a stronger attraction of
attention by TBI items. However, this conclusion
rests on the assumption that higher activation of
TBI items persists in WM. This assumption could be
true in the case of response inhibition. If TBI items
were cognitively inhibited, they should not affect
the recognition of TBR items and the serial position
effect should occur for TBR items. In Experiment 1
this did not happen. The obtained result may, there-
fore, support the notion of response inhibition.

The obtained results clearly demonstrate that the
time for recognising TBI items decreased along with
the position of TBI items in the set. TBI items at the
fifth position were recognised with the shortest RT
which in the light of activation models of WM can
be interpreted as the highest activation of the rep-
resentations (McElree, 2001; Oberauer, 2002). This
suggests that the availability of TBI items was
strongly dependent on its position in the set.
According to the logic presented in the introduction,
it can be concluded that the time delay caused
weakening of activation of the representation in
WM. Thus, since TBI items at position 5 remained
strongly activated and other TBI items were acti-
vated at the level of TBR items, the results support
the response inhibition hypothesis.

In the case of response inhibition, we would
expect differences when comparing distance
effects for the most-activated TBI items at the 5th
position. The highlighted circles situated closer to
the centre should be recognised more slowly than
the highlighted circles at a greater distance from
each other and from the centre. This would indicate
that the inhibition process did not impair the acces-
sibility to those items and so exert their effects at the
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response level. While we can observe differences
between spatial distances for TBI items at 5th pos-
ition with p = .021, the Bayes factor does not indicate
convincing evidence for these differences. However,
this result does not support a lack of differences
between distances at the 5th position for TBI items
and therefore, it does not support the cognitive
inhibition hypothesis. That RTs for TBI items at far dis-
tance were significantly shorter than RT for “no-tar-
get” supports the presence of response inhibition.
Considering the general effect of spatial distance on
TBI items, we can suppose that the lack of differences
between “no-target” and TBI items at close distance
was not the result of cognitive inhibition.

One can conclude that the decision to respond NO
despite the TBI item’s presence but because of its
colour did not require a great effort. The predicted
response inhibition, related to switching to an alterna-
tive response, proceeded without visible costs. Appar-
ently, the choice between the response possibilities
was very simple and did not require additional
resources for control processes. Perhaps the inhibition
method was somehow economically adapted to the
type of the task. It is possible that the choice
between YES and NO responses did not require
many resources due to the uncomplicated structure
of the presented stimuli. Increasing the number of
features to remember can cause greater uncertainty
about how to respond (Bays, Wu, & Husain, 2011),
especially when an atypical response is chosen.

In Experiment 1, we observed the influences of
manipulation of the item (TBR or TBI), serial position
and spatial distance on the availability of WM
content. In Experiment 2, we want to examine the
type of inhibition involved in the WM seeking task
in a similar way as in Experiment 1. However, the
procedure should be modified. To manipulate the
difficulty of the task, letters will be presented on
the screen in serial order and in different spatial dis-
tances to the fixation cross. Participants will have to
recognise the spatial location of the letter or the
spatial location and the type of letter. That way,
the number of features important for recognising
the presented stimuli will be increased.

Experiment 2

Material and method

Participants
Participants were 34 Jagiellonian University students
of various disciplines. Mean age = 21.4 (SD = 2.3).

Eleven males and 23 females. The participants
were volunteers; they were informed that their par-
ticipation was anonymous and that they were free to
withdraw from the experiment at any time.

Material and procedure
In Experiment 2, the spatial modification of the WM
search task was used, as applied already in Exper-
iment 1. However, there were significant changes
in the procedure. We changed the positions in the
set that were asked about during the task. This
time, positions 2, 4, and 6 were used as the
targets. This change allowed sampling of the set
equally every two positions. In Experiment 1, the
difference in results for positions 2 and 3 was not
statistically significant. This might have resulted
from the immediate vicinity of target items.

The stimuli were black or green letters instead of
circles. We used a set of 19 consonants (W, L, M, N, P,
R, S, T, V, Z, X, B, C, D, F, G, H, J, K) that were randomly
drawn without replacement for each trial. In each set
of six letters, one was always in green colour. In the
test phase in Experiment 2, a black letter or a black
circle could appear. When a black letter (the letter
probe) appeared, participants were to respond
whether this black (not green) letter had previously
appeared in the same place as the probe. When a
black circle (the circle probe) appeared, participants
were to respond whether any black (not green)
letter had appeared in the place marked by the
circle. Test questions containing a letter or a circle
were presented in random order. In the “no-target”
condition, the circle probe (15 black probes and 15
green probes) appeared in a different place than in
the memorisation phase. For letter probes, new
letters (15 black letters probes and 15 green letters
probes) were taken from the set of consonants
and were presented in a different place.

As the circles in Experiment 1, the letters in
Experiment 2 were presented sequentially in six
locations drawn in random order out of four poss-
ible locations at far distance and four locations at
close distance. None of the spatial locations was
used twice in one probe. Far distance was 2/3 of
the distance from the central fixation point (“+”
sign on the screen) and close distance was 1/3
of the distance from the fixation point (see
Figure 1). The study was conducted on a 27′′

screen, therefore the actual distance from the
centre of the screen was 22.93 cm at far distance
(visual angle = 18° 36′) and 11.46 cm at close dis-
tance (visual angle = 9° 21′).
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Before the actual task started, participants had a
three-stage training. First, they were presented
with five trials with a letter probe, then five trials
with a black circle probe, and finally five trials with
mixed probes (letters and circles). After each
response, participants were informed whether their
choice was correct or incorrect.

The experimental plan is shown in Table 4. In
Experiment 2, we investigated the recognition accu-
racy and response time, taking into account the
spatial distance (far vs. close), the probe type (circle
vs. letter), the target position in the presented set (pos-
itions 2, 4, and 6), and the target’s colour (green = TBI
item vs. black = TBR item). In the no-target’ condition
for circle probes the probe circle (black or green)
appeared in a different place than in the first stage.
For letter probes, the “no-target” was new (not pre-
sented in the set) black or green letter which
appeared in a different place. Experiment 2 involved
a total of 300 trials. Each trial took around 10 s. The
total time to complete the task was around 50 min.

Before the start of the experiment, participants
were read the following instruction which was also
displayed on the screen:

In the middle of the screen there is a “+” sign. Try to
keep your eyes on it. At different distances from this
sign, a sequence of letters will appear. Sometimes a
letter will be green. After the sequence of six letters,
the “+” sign will be replaced by a question mark.
This will signal the beginning of the recollection
phase. When you see the question mark, you can
expect one of two possibilities:

(1) A black circle will appear in one of the places on
the screen. Your task is to respond whether one of
the black letters in the presented set had appeared
in the marked place.

(2) A black letter will appear in one of the places on
the screen. Your task is to respond whether the
black letter had appeared in that very spot.

Attention! If in the test phase a circle or a letter
appears in the place where a green letter had
been displayed before, you must respond NO,
because the question applies to black letters only!

Results

The results of Experiment 2 were analysed statisti-
cally with the use of STATISTICA 13 (2016) and
JASP 0.8.1.2 (2017) programmes. The order of pres-
entation of results is the same in Experiment 2 as
in Experiment 1. The main hypotheses were stated
the same for both experiments. The serial position
effect gives us the information whether the time
delay processes occur and whether there are signifi-
cant differences between RTs of TBR and TBI items.
Lower RT for the most activated position of TBI
items supports the hypothesis that TBI items are
inhibited at the response level when the attenuation
is explained by time delay. Analysis of differences
caused with target distance to the centre will
inform us about the attenuation of representation
availability in WM caused by interference from
neighbouring items. For more clarity, the results of
Experiment 2 for circle probes and for letter
probes are presented separately.

Circle probes

As in Experiment 1, the first analyses are to verify the
main assumptions: decreasing RTs according to pos-
ition of item in the presented set and the effect of
distance manipulation on the response times
(neighbour interference). The general effect of
serial position was significant, F(2, 66) = 27.87, p
< .001, η2 = .46, BF10 = 3.172e + 10. Circle targets
presented at far distances were recognised faster
than circle targets at close distance, F(1, 33) = 5.84,
p = .021, η2 = .15, BF10 = 3.13. This means that the
general effect of neighbour interference was
present. The results perfectly match our assump-
tions. However, none of the two-way or three-way
interactions is significant (see Table 5). This result
is very similar to Experiment 1, and it may come
from the overlap of the influences of variables.
Regarding the hypotheses, to determine the type
of inhibition in the task, we undertake detailed inter-
action analyses (see Table 1).

Table 4. Plan of Experiment 2.
Space location only: circle probe Space location and letter type: letter probe

Far distance
Serial position in the set: 2; 4; 6

TBR letter
30 trials
(10 × 3 positions)

TBI letter
30 trials
(10 × 3 positions)

TBR letter
30 trials
(10 × 3 positions)

TBI letter
30 trials
(10 × 3 positions)

Close distance
Serial position in the set: 2; 4; 6

TBR letter
30 trials
(10 × 3 positions)

TBI letter
30 trials
(10 × 3 positions)

TBR letter
30 trials
(10 × 3 positions)

TBI letter
30 trials
(10 × 3 positions)

No-target No-target: 30 trials
(15 black, 15 green)

No-target: 30 trials
(15 black, 15 green)
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Similarly to the order in which results were ana-
lysed in Experiment 1, the influences of time delay
were tested first. Due to the observed influence of
close distance on the results, the time delay analysis
(effect of serial position) was carried out for targets
at far distance. The global effect of serial position
at far distance was significant at p < .001, F(2, 66) =
17, η2 = .34, BF10 = 7,314. A more detailed analysis
showed that significant serial position effects were
found for TBI items, F(2, 66) = 13.4, p < .001, η2

= .29. The Bayes factor was strongly in favour of
the position effect for TBI items (BF10 = 1,489). For
TBR items, the position effect was significant, F(2,
66) = 3.95, p = .024, η2 = .11, but the Bayes factor
analysis showed that the serial position effect was
inconclusive (BF10 = 1.94). Similarly to Experiment
1, the serial position effect is significant for TBI
items, and this result supports the response inhi-
bition scenario. The inconclusive result for TBR
items can be explained by the disruptive effect of
TBI items in the set.

The means and standard deviation for each pos-
ition for TBR and TBI items are presented in
Table 6. Figure 3 shows the plot of serial position
effects for TBR and TBI items.

Subsequent analyses are to allow for inference
about the type of inhibition based on the results
obtained by the influence of neighbour interference.
Differences between close and far spatial distance
for TBR items were nonsignificant, but Bayes factor
was inconclusive, F(1, 33) = 1.87, p = .18, η2 = .053,
BF10 = 0.53. Differences for TBI items were inconclu-
sive too, despite p = .028, F(1, 33) = 5.39, η2 = .138,
BF10 = 0.51. To eliminate the impact of time delay
from analyses, we focus on results only for the 6th
position at close spatial distance (influences of
neighbour interference).

Despite the general effect for distance being sig-
nificant, the results for targets in the 6th position
showed no significant differences between far and
close distances, F(1, 33) = 0.67, p = .42, η2 = .02,
BF10 = 0.23. The interaction between target ×
spatial distance was nonsignificant, F(1, 33) = 1.27,
p = .27, η2 = .04. For circle probes, no neighbour
interferences on the highly available targets were
observed (in the 6th position within the set).

To reveal the spatial interference influence on
inhibition of TBI items, the RT comparisons of TBI
items in the 6th position in the set between the dis-
tances was undertaken. The differences were not
significant and according to Bayes factor analysis,
the effect was inconclusive, F(1, 33) = 1.74, p = .2,
η2 = .05, BF10 = 0.51. Experimental manipulation of
the distance did not bring the results consistent

Table 5. Interactions between spatial distance, serial
position and type of target for circle probes in Experiment 2.

df F p η²

Spatial distance 1 5.841 .021 .150
Residual 33
Serial position 2 30.771 <.001 .483
Residual 66
Target 1 11.336 .002 .256
Residual 33
Spatial distance * serial position 2 2.585 .083 .073
Residual 66
Spatial distance * target 1 1.188 .284 .035
Residual 33
Serial position * target 2 2.143 .125 .061
Residual 66
Spatial distance * serial position * target 2 1.135 .328 .033
Residual 66

Table 6. Effect of serial position for response time [ms] for
circle probes at far spatial distance.
Position Item Mean SD

2 TBR 1,120.5 204.5
TBI 1,039.5 229.6

4 TBR 1,108.6 270.5
TBI 1,057.3 242.4

6 TBR 1,030.6 232.7
TBI 897.6 156.1

Notes: Descriptive statistics. TBR (to-be-remembered target) items are
the black letters placed at the same spatial location as the probe
letter presented at the end of trial. TBI (to-be-ignored) items are
the letters highlighted in green placed at the same spatial location
as the probe letter presented at the end of trial. Participants are
instructed to ignore green items.

Figure 3. Effect of serial position for response time [ms] for
circle probes at far spatial distance. Positions 2, 4 or 6 mean
the number od position of item in the set of sequentially
presented letters. TBR (to-be-remembered target) is the
item placed at the same spatial location as the probe pre-
sented at the end of trial. TBI (to-be-ignored) item is the
item highlighted in green placed at the same spatial
location as the probe presented at the end of trial. Partici-
pants are instructed to ignore green items. [To view this
figure in color, please see the online version of this journal.]
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with the hypotheses neither for the cognitive inhi-
bition account nor for the response inhibition
account (see Table 1). The influence of neighbour
interference on the most available TBI items was
too small to be able to conclude that there was an
additional weakening of availability.

As in the analysis of the results of Experiment 1,
we compare “no-target” and TBI item responses.
Weakening of accessibility due to cognitive inhi-
bition should prevent recognition of the TBI items
in the first phase of the WM search. The response
mechanism, in this case, would be similar to provid-
ing NO response in a non-target condition, and
should reveal similar results for TBI items and no-
target probes. According to the response inhibition
scenario, the RT for TBI items should be lower than
for “no-target”. Comparison between “no-target”
(mean = 1132 ms, SD = 270.1 ms) and TBI items
(mean = 1034, SD = 191) yielded a significant differ-
ence, F(1,33) = 11.98, p = .002, η2 = .27, BF10 =
19.79. We also found significant differences
between TBI items at far distance (mean =
998.1 ms, SD = 179.8 ms) and “no-target” (F(1, 33)
= 18.32, p < .001, η2 = .36, BF10 = 136.7. As in Exper-
iment 1, RT for TBI items at close spatial distance
(mean = 1071 ms, SD = 240 ms) was closer to RT for
“no target”, F(1, 33) = 3.41, p = .074, η2 = .09) with
an inconclusive Bayes factor (BF10 = 19.79). These
results may indicate response inhibition. Results for
TBI items at close spatial distance can be explained
by the effect of neighbour inhibition.

Letter probe

The theoretical background and the order of analysis
of the results for letter probe were the same as for
the circle probe and for the results of Experiment
1. The main effect of serial position was significant,
F(2, 66) = 27.87, p < .001, η2 = .46, BF10 = 0.1904e +
11. The two-way interaction between target and
serial position was significant, F(2, 66) = 9.78, p
< .001, η2 = .23. The rest of the two-way or three-
way interactions were nonsignificant (see Table 7).

The analysis of the distance influences on
response times showed no differences between far
and close distance for the letter probe, F(1, 33) =
0.098, p = .76, η2 = .003. The Bayes factor favours
the lack of differences (BF10 = 0.18). This result is
not consistent with those obtained in Experiment
1 and the circle probe.

The global serial position effect for response
times at far spatial distance was significant and

favoured by the Bayes factor, F(2, 66) = 20.01, p
< .001, η2 = .38, BF10 = 280,054. The more detailed
analyses for serial position and type of target
were carried out. The serial position effect was
significant for TBR items, F(2,66) = 25.42, p < .001,
η2 = .44, and for TBI items, F(2, 66) = 4.27, p = .018,
η2 = .11, see Figure 4. The Bayes factor favoured
the serial position effects for TBR items (BF10 =
1.534e + 6) and for TBI items (BF10 = 0.12). Means
and standard deviations for each position are
shown in Table 8.

Differences in response times for TBI items
depend on the target position in the set, which
is consistent with the response inhibition
account. These results cohere with the results for

Table 7. Interactions between spatial distance, serial
position and type of target for letter probes in Experiment 2.

df F p η²

Spatial distance 1 0.098 .756 .003
Residual 33
Serial position 2 27.866 <.001 .458
Residual 66
Target 1 8.142 .007 0.198
Residual 33
Serial position * spatial distance 2 0.555 .577 .017
Residual 66
Target * spatial distance 1 0.445 .509 .013
Residual 33
Target * serial position 2 9.775 <.001 .229
Residual 66
Target * serial position * spatial
distance

2 0.261 .771 .008

Residual 66

Figure 4. Effect of serial position for response time [ms] for
letter probes at far spatial distance. Positions 2, 4 or 6 mean
the number od position of item in the set of sequentially
presented letters. TBR (to-be-remembered target) is the
black letter similar to the probe presented at the end of
trial and placed at the same spatial location. TBI (to-be-
ignored) item is the letter highlighted in green similar to
the probe presented at the end of trial and placed at the
same spatial location. Participants are instructed to ignore
green letters. [To view this figure in color, please see the
online version of this journal.]
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the circle probe and the results from Experiment
1. Unlike previous analyses (Experiment 1 and
circle probes in Experiment 2), the serial position
effect was significant for TBR items. We will try
to explain the reasons of this effect in the
Discussion.

Similar to the previous analysis, the effect of
spatial distance on RT was investigated. There
were no significant differences between far and
close spatial distances for TBR items, F(1, 33) =
0.034, p = .85, η2 = .001, BF10 = 0.25, or for TBI
items, F(1, 33) = 0.47, p = .5, η2 = .014, BF10 = 0.3.
The differences between far and close distances at
the 6th position were nonsignificant, F(1, 33) =
1.82, p = .19, η2 = .005, BF10 = 0.25, as was the inter-
action between target and distance, F(1, 33) = 0.79,
p = .38, η2 = .02. The spatial distance effect for TBI
items at the 6th position was inconclusive, F(1, 33)
= 2, p = .167, η2 = .06, BF10 = 0.57. Therefore, we
can assume that for letter probes there was no
neighbour interference in the 6th position.

Unfortunately, the latency of recognition of TBI
items for the letter probe cannot be compared to
the “no-target” results. A comparison of the RTs indi-
cates the lack of significant differences, F(1, 33) =
0.28, p = .06, η2 = .008, BF10 = 0.27. This can be
explained by the specific task situation. By increas-
ing the number of stimulus dimensions necessary
for recognition, we made the rejection of no-
targets easier. When we ask about both dimensions
simultaneously, as with the letter probe, participants
must recognise both dimensions. In the no-target
condition, it is sufficient that one of the two dimen-
sions is not identical to the probe to give the correct
response. Thus, the difficulty levels of the two tasks
were disproportionate. Correct responses to no-
targets became relatively easier, because they did
not require holding both stimulus features in
memory.

Discussion

Because of the neighbour interference effect, we
expected that as a result of the manipulation of
the spatial distance, a longer RT for targets at close
distance than at far distance would be visible. This
expectation was accurate for the circle probes but
failed for the letter probe. More detailed analysis
of the distance influences on response times
showed no differences between far and close dis-
tance for the letter probe. The differences between
spatial distances for the circle probe were inconclu-
sive for TBR and for TBI items. These results were
different from those in Experiment 1. It is possible
that the spatial neighbour interference does not
influence the recognition of letters. An important
conclusion from the difference between results for
probes in spatial distance effect is that the interfer-
ence effect depends on the type of response. The
verbal and spatial features of items could be
stored in different modules of WM (Baddeley,
2000; Logie, 1995). Thus, the recognition of verbal
features would be unaffected by spatial interference.
But the alternative explanation is that both types of
modality are stored as one multimodal represen-
tation (Saults & Cowan, 2007). In that case, the recog-
nition of the target would be more difficult with only
spatial cues to identify one feature that is very
similar to another.

The significant global serial position effect for
circle probes and for letter probes suggests that
the target time delay from probes results in weaken-
ing of the availability of the WM content. For circle
probes for TBI items, there was a significant impact
of the position in the set. The weakening of the avail-
ability due to time delay affected TBI items. Thus, the
inhibition in this task cannot be based on the weak-
ening of the activation of the representation in WM.
This suggests that TBI items were inhibited by avoid-
ing prepotent responses. In the case of letter probes
for TBI items, although the differences are significant
with p < .05, the Bayes factor indicates that the
appearance of the serial position effect is only two
and a half times more likely than the lack of this
effect. However, significantly faster RTs for TBI
items at position 2 than at position 6 indicates that
cognitive inhibition account is not valid in the case
of complex tasks either.

The interaction between target and spatial dis-
tance was not significant for targets in the 6th pos-
ition. This lack of a significant difference is
consistent with the response inhibition account.

Table 8. Effect of serial position for response time [ms] for
letter probes at far spatial distance.
Position Item Mean SD

2 TBR 1,314 282.4
TBI 1,162 332.7

4 TBR 1,254 319.5
TBI 1,128 256.7

6 TBR 1,033 250.6
TBI 1,033 227.8

Notes: Descriptive statistics. TBR (to-be-remembered target) item are
the black letters similar to the probe letter presented at the end of
trial, and placed at the same spatial location. TBI (to-be-ignored)
item are the letters highlighted in green similar to the probe letter
presented at the end of trial, and placed at the same spatial location.
Participants are instructed to ignore green items.
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But the results analysed separately for TBI items
were inconclusive. The last observation is consistent
with the results from Experiment 1. For the most
activated items, which are probably in the focus of
attention, the effect of spatial interference is not so
disruptive, but due to the inconclusive results we
cannot tell if spatial interference does not occur at
all. The manipulation of distance for the higher acti-
vated items in WM proved unhelpful in indicating
the type of inhibition in our task.

General discussion

The obtained results allow us to determine which
type of inhibition, from among those discussed in
the introduction, occurs during the WM search. We
can also tell more about how the WM search is
influenced by the manipulation of spatial arrange-
ment of verbal and non-verbal stimuli, and by dis-
tinguishing one of the items to be memorised by
colour. The main problem presented in this article
was whether the inhibition of TBI item was at cogni-
tive or at response level. The analysis of the serial
position effect for TBI items at far distance is the
most important to make a conclusion about the
nature of inhibition in the task which demands the
inhibition of TBI items.

The analysis of serial position effect for TBI items
indicates a clear conclusion that ignoring TBI items
cannot involve a cognitive inhibition process.
Given these results, the effortful response inhibition
hypothesis proved to be the most probable. The
presence of the serial position effect for TBI items
at far distance suggests that the availability of TBI
items was not weakened, therefore the hypothesis
of cognitive inhibition should be rejected. Also, the
comparison of serial position effects in RT between
TBI and TBR items indicates that the time of recog-
nition of TBI items was shorter in all experiments,
regardless of the type of probe. This result may be
associated with a higher activation of the colour-
stimulated representation of the stimulus. High acti-
vation of TBI items can be explained by the attention
intentionally focused on TBI items or by involuntary
orienting attention towards the distinguished stimu-
lus. The first possibility can be associated with the
strategy of keeping the location of TBI items in
active attention, so that after the correct recognition
the proper “NO” reaction could occur. The second
option is related to the feature that distinguishes
the green stimulus from the others. In both cases,
the attentional mechanism causes stronger

activation and prevents the emergence of cognitive
inhibition. In our experiments, there is no evidence
that high activation of TBI items is weakened by
the need to change the type of response.

Distinguishing one of the items in the set can result
in its more efficient processing and faster time for its
recognition (Gilchrist & Cowan, 2015; Hyun,
Woodman, Vogel, Hollingworth, & Luck, 2009). The
influence of distinguishing items in the set by
colour in Sternberg’s task was examined by Balas,
Stettner, Orzechowski, and Piotrowski (2005). In
Experiment 2a, participants were presented with a
set of eight letters out of which one, two, three, or
four letters were distinguished by green colour. The
obtained results indicated that the distinguishing by
colour significantly increased the recognition accu-
racy, but only if two or three itemswere distinguished.
When half of the set was distinguished, participants
stopped treating the colour as a distinguishing cue.
An interesting result was the lack of differences
between TBI and TBR items when only one green
letter appeared in the set. A similar result was
obtained in Experiment 2b, in which schematic draw-
ings of leaves were presented, differing in their
pattern of veins. Thus, it could have been assumed
that distinguishing one item would not affect the
results of our experiments. This supposition proved
to be accurate for Experiment 1. Distinguishing can
influence the overall activation of the stimulus’ rep-
resentation in WM. This is demonstrated by the
much shorter response time for TBI items obtained
in all experiments for all the probes at far distance.

This result is consistent with the two-phase WM
search model (Orzechowski et al., 2016). Longer
reaction times indicate the necessity of sequential
WM search, which is characteristic for the represen-
tation with less activated and less distinctive fea-
tures. Increasing the TBI item reaction times along
with the position of item in the set indicates that
the activation of the highlighted elements also wea-
kened over time. The type of inhibition in both
experiments was determined by the manipulation
of the position in the set and by the associated
time delay effect.

The second key question posed in our research
was whether we can determine the type of inhi-
bition by manipulating interference. The direction
of this research endeavour was inspired by the
work of Oberauer and Lewandowsky (2014) and
Souza and Oberauer (2014), in which the effect of
the position is associated not with the passage of
time but with interference between elements. By
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entering the spatial distance manipulation into the
task, we wanted to determine if the time delay
and neighbour interference would give the same
results in the inhibition of highlighted item task.

The first conclusion drawn from the general ana-
lyses of distance manipulation was that the neigh-
bour interference was observed for circle probes
(Experiment 1 and Experiment 2), when participants
had to recognise the spatial location of the target
on the screen. But the neighbour interference was
ineffective for letter probes. When participants had
to recognise a conjunction of features, spatial location
and the type of letter, the effect of interference did
not appear. The experimental manipulation of the
distance affected only spatial aspect of target. These
results support the hypothesis about the relational
character of the representation of spatial locations
in memory (Oberauer & Eichenberger, 2013; Vidal,
Gauchou, Tallon-Baudry, & O’Regan, 2005; Wheeler
& Treisman, 2002). Distance did not affect the letter
target recognition, because it was not based on a
relation to another stimuli. Such conclusion leads to
a statement that spatial location and verbal stimuli
are represented in different ways within WM.

The more detailed analysis showed mixed results.
There are significant effects of spatial distance for TBI
(and for TBR) items in Experiment 1. However, there
are inconclusive effects in Experiment 2 for circle
probes, and there are no conclusive effects in Exper-
iment 2 for letter probes. However, we can observe
the possible influences of the type of spatial/verbal
material that we have described above.

In the light of the Bayesian analysis, none of the
comparisons of RT for TBI items at the last measured
serial position between far distance and close distance
in Experiment 1 nor in Experiment 2 were conclusive.
Lower distinctiveness of TBI items at close distance
andconsequently lengthenedRTs compared to far dis-
tance was the expected result for response inhibition.
Drawing conclusions about the type of inhibition
based on interference effects for the most activated
items inWMwas not possible due to the inconclusivity
of the Bayesian analysis. Neighbour interference was
probably too weak to affect the differences between
the most activated elements in the task.

In Experiment 1 and in the circle probe condition
of Experiment 2 TBI items at the last position were
recognised faster than TBR items at the same pos-
ition. Therefore we can conclude that there were
no effects of cognitive inhibition for spatial probes.
But the distance did not affect the results for the
letter probe condition in Experiment 2.

The results of the distance manipulation could be
obscured because of lack of the eye movement
control in experimental procedure. We have no data
to conclude that participants followed the instruction.
There were some general effects of distance for
spatial probes, that could be interpreted as the neigh-
bour interference, while the lack of distance effect in
letter probe can be explained by the procedure and
by deficiencies in data collection. It is possible that
participants focused more on recognising the letter
than its spatial location. Unfortunately, we can not
indicate the number of such errors in the results. An
alternative explanation may be that verbal and
visuospatial information was processed and stored
by different subsystems (Baddeley, 1986; Logie,
1995). It is also possible that the influence of distrac-
tor interference resistance, suggested by Friedman
and Miyake (2004), has become apparent. However,
to resolve the reasons for the result obtained for
the letter probes, some new research is needed.

The results of both experiments indicate quite
clearly that response inhibition is the dominant
type of inhibition in cognitive tasks, in which one
must ignore the distinguished element. In contrast,
the presence of inhibition that would affect the
response by weakening the availability of TBI items
in WM was indeterminable.
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