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Abstract

The experimental study of top-down influences upon visual search for a target letter in large let-
ter arrays has been performed. The core question of this study was whether words embedded into
random letter strings — and not perceptually segregated for an observer — can influence effici-
ency of the search for letters embedded either in words, or in random letter sequences between
words. The experiment was based on an original modification of the classic selective attention
test developed a century ago by H. Muensterberg. Participants performed visual search for a pre-
defined letter of the Russian alphabet in letter matrices which included Russian words. In the
first experimental condition, target letters always belonged to words, but the participants were
not warned about the words, or about the arrangement of target letters in the matrix. In the
second experimental condition, target letters never belonged to words. In the third (control)
condition, there were no words embedded into letter matrices. The study revealed a dissociation
between visual search efficiency and subjective representation of the search task. Although pre-
sentation conditions did not influence search rate, the participants significantly differed in their
subjective experience of this influence. If target letters belonged to words, the words subjective-
ly facilitated performance; whereas, if target letters did not belong to words, the words subjecti-
vely hampered the search. Moreover, if target letters were embedded in words, the participants
noticed the words twice as often as in the opposite condition. We interpret this result as a disso-
ciation between top-down processes in the visual system, and top-down influences upon visual
search arising from chunking in visual information processing.

Keywords: visual attention, visual search, top-down influences upon visual information pro-
cessing, word superiority effect, Muensterberg's test.
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The issue of top-down influences
upon visual information processing has
been widely discussed in contemporary
cognitive psychology and neuroscience
(Hochstein, Ahissar, 2002). The dis-
tinction of bottom-up and top-down
processes is one of the cornerstones of
cognitive psychology, as it reflects the
contribution of the observer and the
external stimulation to cognition.
Although this dichotomy has been
criticized by some authors (e.g., Awh et
al., 2012), the criticism might be elimi-
nated by distinguishing two sources of
top-down influences: the observer’s
prior experience (former knowledge, or
structural representations stored in the
memory and automatically activated
by the task); and goals and strategies
actively applied by the observer to per-
form the task successfully. The latter
determine functional organization of
the observer’s perceptual activity
(Falikman, 2011).

A suitable example that illustrates
both types of top-down influences is
the “word superiority effect” (WSE),
first described by James McKeen
Cattell towards the end of the 19th
century (Cattell, 1886) and then redis-
covered in cognitive psychology in the
late 1960’s (Reicher, 1969; Wheeler,
1970). The WSE refers to the better
recognition of letters presented within
words compared to isolated letters, and
to letters presented within random let-
ter strings when presentation condi-
tions (such as brief or noisy presentation,
backward masking, etc.) make letter
recognition difficult. Whereas J.M. Cat-
tel used the amount of letters perceived
from the brief presentation as a basic
measure of the effect, cognitive psy-
chologists use mostly the accuracy of
single letter recognition within a word

compared to isolated presentation, or
presentation within an unpronounce-
able nonword string of the same length.
For example, in a Reicher-Wheeler par-
adigm, an observer is presented with a
word or a nonword string, followed by
a mask. The observer is then asked to
name a letter from the cued position in
that string, making a 2-alternative
forced choice (2-AFC). For example,
for the letter R in the word “bird”, an
observer could be asked to choose
between R and N (as both “bird” and
“bind” are legal English words). The
observer is usually more efficient in this
task than in making the same 2-AFC
for the string “bqrd”.

The standard WSE is an example of
top-down influences driven by the
observer’s prior knowledge or experi-
ence: the letter is recognized more effi-
ciently because it is included in the
larger structural unit, or chunk, a term
coined by George Miller in his famous
discussion of short-term memory stor-
age units (Miller, 1956). The authors of
the most popular models that provide
an explanation for the WSE — specifi-
cally, the Interactive Activation Model
(McClelland, Rumelhart, 1981) and
the Dual Route Cascaded Model
(Coltheart et al., 2001) — believe that
explanations should be based on the
observer’s prior experience. Both mo-
dels emphasize the automatic nature of
the WSE and leave no room for its
interaction with visual attention,
except narrowing of spatial attention
and further processing to just one letter
(Johnson, McClelland, 1974).

However, the WSE might also
result from the observer’s strategy
mentioned above as the second type of
top-down influences upon visual pro-
cessing. This is exactly what happens in
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rapid serial visual presentation
(RSVP). When letters which compose
the word are presented in the same
location, one after another, at a rate of
about 10 letters per second, the WSE
emerges only when the observer is
instructed to “read a word” and makes
attempts to do so (Falikman, 2002;
Stepanov, 2009; Falikman, Stepanov,
2012). If the observer is not warned
about words presented letter by letter
in the RSVP stream, then no WSE
emerges and the words are never recog-
nized as such. However, if the observer
is instructed to “read words”, but ran-
dom letter sets are presented instead,
performance is still significantly better
than with the instruction to “name as
many letters as possible”, which could
be considered as evidence for the
strategic nature of the WSE. Other-
wise, when all the letters forming a
word are presented simultaneously, the
WSE emerges regardless of the goals
and intentions of the observer. How-
ever, it’s easy to destroy the effect
either by drawing the observer’s atten-
tion to just one letter before the presen-
tation (Johnston, McClelland, 1974), as
noted above, or by setting a task that
requires the observer to shift spatial
attention within a word as a chunk,
which seems to be destroyed by redi-
rections of attention (Pantyushkov, et
al., 2008).

Such requirements are characteris-
tic of tasks referred to as “visual
search”. In visual search, an observer is
required to locate a certain pre-speci-
fied item (a target), or a singleton
among a number of visual objects (dis-
tractors) presented simultaneously
(Wolfe, 1998). If just one salient fea-
ture (such as color, curvature, or
motion) distinguishes a target from the

distractors, then search time does not
depend on the number of distractors.
However, if the target is described as a
conjunction of two or more features
that distinguish it from the distractors
(e.g. both color and curvature), then
search time increases as a linear func-
tion of the amount of distractors, which
implies a serial mechanism of spatial
attention being redirected from one
visual stimulus to the next. The latter
mechanism is characteristic of letter
search among a number of spatially dis-
tributed distractor letters. Although
visual search for a pre-specified letter
in letter strings — both random and
regular (forming words) — has been
analyzed in a modest number of studies
(e.g., Krueger et al., 1974; Johnson,
Carnot, 1990; Pantyushkov et al,
2008), there is still a lack of coherence
in understanding the search mecha-
nisms. This may be due to adding two
counteractive forces to the search in
letter strings that form words: on the
one hand, it is so-called “crowding” or
lateral masking which hampers the
search for a target flanked by similar
stimuli (Reddy, Van Rullen, 2007); and,
on the other hand, it is top-down influ-
ences from word representation as a
part of the observer’s prior experience
that make letter processing within
words more efficient (Fine, 2001).
Nevertheless, the very identification of
words as processing units (chunks) in
visual search appears automatic, rather
than requiring attention, and the
chunks themselves could be considered
as structural processing units, forced by
the organization of information in the
visual field (Falikman, 2011). The ques-
tion remains: whether chunking that
leads to word identification could, in
principle, become a strategic perceptual
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act rather than an automatic operation,
when all letters of the word are pre-
sented simultaneously (rather than
rapidly and serially). The purpose of
this study was to develop and test a
simultaneous letter presentation me-
thod, which would force the visual
information processing system to “as-
semble” words as functional processing
units, so that corresponding processes
in the visual system could be consid-
ered as “operational units of perceptual
activity” (Gippenreiter, 1983).

The method which, at first glance,
meets these requirements is one of the
numerous vocational tests developed a
century ago by Hugo Muensterberg
(Burtt, 1917). In this test, a subject
searches for words embedded without
spaces in random letter strings for a lim-
ited time period. The amount of located
words is considered an individual meas-
ure of selective attention. It is assumed
that word location and identification is
not an automatic operation, but rather
requires attention — just as word read-
ing in rapid serial visual presentation.
In this case, word identification would
not occur spontaneously when an
observer performs another task with the
same stimulation (such as the search for
pre-specified letters embedded in words
surrounded by random letters), and
would not influence performance in this
task. On the contrary, if segregation of a
word as the closest context for the tar-
get letter occurs automatically, one
should expect word identification — at
least when attention is drawn towards
the letter and thus the word. This could

slow down performance on the letter
search task because, in this case, word
segmentation might be necessary to sin-
gle out a target letter. At the same time,
if words as processing chunks are segre-
gated from random letter strings auto-
matically, and target letters do not
belong to words, the search might
become faster since the observer has the
opportunity to skip these larger chunks
without further analysis.

In our experiment, participants sear-
ched for a predefined letter in a matrix of
600 letters (10 letter strings X 60 items
each) among which Russian words
were embedded. The participants were
not warned about the presence of the
words. The inter-group experimental
plan was used and three conditions
were compared. In two experimental
conditions, the letter matrix contained
as many words as target letters. In the
1st experimental condition, target let-
ters were always embedded in the
words; in the 2nd experimental condi-
tion, they never belonged to words. In
the control condition, participants
searched for target letters in random
letter matrices which did not contain
words, and thus performed a standard
letter cancellation test (with one tar-
get) developed by the French psycho-
logist Benjamin B. Bourdon towards
the end of the 19th Century'.

Method

Participants. 216 subjects (82 male,
134 female), undergraduate and post-
graduate students of Lomonosov

! The test was first described in the paper: Bourdon, B. (1895). Observations comparative sur la

reconnaissance, la discrimination et I'association [Observations on memory, discrimination and asso-

ciation]. Revue Philosophique, 40, 153—185.
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Moscow State University and the
National Research University Higher
School of Economics, aged 17-29
(mean age 20), right-handed, with nor-
mal or corrected-to-normal vision. The
subjects were randomly divided into
three groups, in accordance with three
experimental conditions. Each group
included 72 participants.

Stimulation. Three types of letter
matrices printed on paper sheets were
used. The matrices were generated
using a Python script which composed
letter strings from preset lists of stim-
uli. Each matrix included 10 strings of
60 lowercase letters of the Russian
alphabet, with no spaces, and contained
24 target letters. Three Russian cons-
onants (“v”, “r”, “p”) with roughly
equal frequency in the Russian lan-
guage were used as targets; one of these
consonants could be assigned as a tar-
get for different participants. Each par-
ticipant worked with just one matrix,
searching for just one letter. In the con-
trol condition (CC), all strings in the
matrix consisted of “nonwords” (un-
pronounceable letter sets which were
actually anagrams of 6-letter Russian
words but could not be recognized as
words — an example in English might
be “isgtrn”); no letters in any of the
nonwords were repeated, and each
string included 10 nonwords with no
spaces between them. In the 1st and the
2nd experimental conditions (EC1 and
EC2), the letter matrices included 24
words (also with no letters repeated).
In EC1, target letters were always
embedded in the words (4 times in each
position, from the 1st to the 6th, in dif-
ferent six-letter words). In EC2, the
words never contained the target letter,
so all words were embedded in letter
strings somewhere between the target

letters. The words (with roughly aver-
age frequency in the Russian language)
and the nonwords were borrowed from
our recent study (Gorbunova, Falik-
man, 2012). In total, nine versions of
matrices (3 conditions x 3 target let-
ters) were used in the study, printed
onto A5 paper, Times New Roman, font
size 14.

Procedure. Letter matrices were pre-
sented to participants individually,
with an instruction to cross-out with a
pencil all letters “u” (or “1”, or “r”) as
quickly as possible. An experimenter
interrupted performance after 1 mi-
nute. After that, a participant received
a brief questionnaire consisting of three
2-alternative forced-choice questions:
(1) Whether he/she noticed the words
in the matrix (yes/no); (2) If yes,
whether he/she noticed that the target
letters have always/never been embed-
ded in the words (yes/no); (3) Whe-
ther the words either distracted them
from the search, or helped them to
search for the target letters if noticed
(helped/distracted). The CC subjects
only answered the question about
whether they noticed words in the
matrix (which in fact were absent).

For data analysis, IBM SPSS
Statistica 20.0.0.2 was used.

Results

ANOVA revealed no statistical dif-
ferences in performance for all three
conditions: F(2,215) = 0.018, p < 0.98.
Mean search efficiency for all three
conditions (% of the total amount of
targets in the matrices) and standard
deviations are provided in Table 1.

At the same time, EC1 participants
noticed words in the matrices signifi-
cantly more often than EC2 subjects
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Table 1

Summary table of results (EC1 — the 1st experimental condition with target letters always

embedded in words; EC2 — the 2nd experimental condition with target letters never appearing in

words; CC — the control condition with no words among letters in letter strings)

Noticed a Among those who noticed
Performance Noticed b relation words
o etween tar-
(group mean, | SD | words, % t lott
%) of subjects | 8¢ et €18 | Found them | Found them
and wm:ds, % useful, % distracting, %
of subjects
EC1 81.6 13.0 65.3 19.4 57.4 8.5
EC2 81.4 15.6 37.5 9.7 18.5 44.4
CC 82.5 12.3 11.1 - - -

(Pearson’s x2 = 13.7, p < 0.0001). The
interrelation between the arrangement
of target letters and words in the
matrix was also discovered in EC1 sig-
nificantly more often than in EC2
(X’ =4.7,p <0.03). Those who noticed
words in EC1 reported that the words
helped them to perform the task,
whereas those who noticed words in
EC2 found them hampering (x? = 17.8,
p < 0.0001). In CC, 11% of subjects
“noticed” words. The quantitative data
from subjective reports is also provided
in Table 1.

A statistical comparison of perfor-
mance between subgroups of EC1 and
EC2 participants, distinguished in
accordance with their subjective
reports, has also been performed.
Despite pronounced differences in
their answers on the questionnaire, no
statistical differences between perform-
ance in any pair of subgroups (noticed
/ not noticed words; found them useful
/ distracting) have been revealed, both
within and between experimental con-
ditions.

Significant differences in search effi-
ciency for three target letters used in

the study have been found: F(2, 215) =
=17.0, p < 0.0001. Paired-comparison
tests show that the participants
searched for “p” significantly better
than for “a” and “1” which, in turn, did
not differ in search efficiency. The mean
efficiency of the search for all three tar-
get letters in all three conditions can be
found in Table 2. According to ANOVA,
this factor does not interact with the
condition factor: F(4, 215) = 0.64,
p <0.63.

Discussion

The study has revealed that sponta-
neous spotting of words in random let-
ter strings, as in the Muensterberg’s
selective attention test (Burtt, 1917),
is possible when performing a letter
search. However, it is mediated by
mutual arrangement of target letters
and words in the letter matrices. When
target letters always appear in words,
the words are discovered almost twice
as often as when the targets appear
among other random letters between
words. However, the amount of ob-
servers that spontaneously discovered
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Table 2

Search efficiency for three letters used as targets in three experimental conditions,

% located and crossed-out

Target
T H p
EC1 79.3 774 88.0
EC2 80.9 74.5 88.7
CC 79.0 80.5 88.0
Mean 79.7 77.5 88.2

the mutual arrangement of target let-
ters and words was relatively low and
also depended on whether the target
letters were embedded in the words.
When target letters belonged to words
(EC1), less than 20% of participants
noticed the regularity in the mutual
arrangement of the target letters and
words. But when target letters did not
belong to words, the regularity was
noticed by less than 10% of partici-
pants.

At the same time, participants esti-
mated the words in the matrix as “use-
ful” or “distracting” depending on the
task (and the estimates were opposite
to our initial hypothesis), though in
fact the words didn’t influence task
performance at all — the amount of
located targets was the same for all
three conditions (all differences lay
within 1%, with a mean standard devi-
ation of about 13.6%).

One might assume that the letter
search task was too easy, which led to
the “ceiling effect” (equally high per-
formance in all three conditions).
However, the comparison of search effi-
ciency between three letters used as
targets revealed a significantly faster
search for one of them (“p”) against the
other two. This must be due to the spe-
cific visual feature of this letter — the

tail below the letter string level which
produces search asymmetry (Treisman,
Souther, 1985), allowing subjective
pop-out of this letter during the search
(Wolfe, 1998). This demonstrates that
the measure of search efficiency is sen-
sitive enough, the temporal interval of
1 minute was enough to estimate per-
formance, and the ceiling effect cannot
explain the absence of differences
between the conditions.

Therefore, the dissociation between
performance and subjective reports has
been observed. Whereas subjectively
the presence of words in random letter
strings influences search (one way or
another) depending on the mutual
arrangement of target letters and
words, objectively no such influence
has been observed. If we relate this
result to the definition of attention as
“phenomenal and productive manifes-
tation of the leading level of organiza-
tion of one’s activity” (Gippenreiter,
1983, for discussion see: Dormashey,
Osin, 2010), as proposed within the
framework of the activity theory
(Leontiev, 1978), it might be assumed
that performance in our search task
does not involve a unified attentional
process with phenomenal (conscious
representation) and productive (per-
formance) aspects, but rather that it
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involves two distinguishable processes
where just one process is related to
attention.

This result could be interpreted as a
dissociation between top-down pro-
cesses in letter strings processing and
top-down influences upon performance
on the search task. This difference
between types of processes in the infor-
mation processing system, and influ-
ences upon processing — although
implied in some recent studies (e.g.,
Latinus et al., 2010) — is not yet com-
monplace for the contemporary cogni-
tive psychology of attention. However,
it seems necessary for the interpreta-
tion of our results.

On the one hand, spontaneous cap-
turing of a word from a letter string
when attention is brought to one of the
letters forming the word (and even
without bringing attention to such a
letter in the letter search task in non-
word strings) could be interpreted as a
manifestation of top-down processes in
the information processing system —
processes driven by representations of
higher-level chunks (words) stored in
the observer’s memory (although such
spontaneous capturing is by no means
mandatory). On the other hand, such
spontaneous capturing of words does
not modulate efficiency of the target
letter search, a fact that could be con-
sidered as a lack of top-down influences
from higher-level chunks (words) upon
the letter search task. Initially, we pro-
posed that chunking between target let-
ters (condition EC2, when targets
never belonged to words embedded in
letter strings) would speed up search.
However, such chunking appeared to
emerge quite rarely (only about one

third of our participants noticed the
words between target letters in this
condition), and there were no signifi-
cant differences in performance bet-
ween different conditions and sub-
groups of subjects, that provided differ-
ent subjective reports.

At the same time, our results raise a
question about the original Muen-
sterberg’s vocational test, widely used
in professional psychodiagnostics to
measure “selective attention”. It seems
that performance in this test engages
two types of top-down processes
involved in visual perception. The first
process is the spontaneous (automatic)
detection of words as processing units
that match representations stored in
the observer’s memory — in cognitive
psychology, this is referred to as seg-
mentation and regarded as a preatten-
tive process “producing the objects
which later mechanisms are to flesh out
and interpret” (Neisser, 1976, p. 89).
The second process is the voluntary
identification of such units in accor-
dance with the task at hand. Whereas
the former process could hardly be con-
sidered as attentional (although quite
probably interacts with attention), the
latter process is basically in line with
the classic definition of attention as a
process of “apperceptive combination”
which is “continually taking place
between the elements of the single con-
tents of experience” (Wundt, 1897,
p. 223). Although the Muensterberg’s
test has been applied for about a centu-
ry, demonstrating high correlations
with academic and professional
achievement, it seems that this is not
the whole story and its research poten-
tial is far from being exhausted.
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Pe3siome

B crarbe 1pe/cTaBeHbl Pe3y IbTaThl 9KCIEPUMEHTAIBHOTO MCCIEIOBAHMST HUCXO/SIINX BV
HUIl Ha PellieHue 3a/[a4¥ 3PUTETBHOTO TIOMCKA GYKBbI B GOIBIIIX OYKBEHHBIX MACCHBaX. MICTOYHUKOM
HUCXOJISAIINX BJIUSHUN MOKET ObITh KaK IIPOILLIBII OMBIT HAGJIOIATE)IS], TAK U CIIEIUAJIbHbIE CTpaTe-
T'UU pEIieH st 3PUTEbHBIX 3a/1ad. B IeHTpe JAHHOTO UCCIIEOBAHUSI CTOSIT BOIIPOC O TOM, MOTYT JIA
TMEPIENTUBHO He BbIZIeJIEHHBIE /IS HaOIOaTeIst CJI0BA TIOBAMATH Ha (MEKTUBHOCTD TOMCKa GYKBbI,
BXOJIsIIIElT B coctas ciioBa. VicesieoBatue GbUIO TPOBE/IEHO ¢ UCTOIb30BAHNEM aBTOPCKOI Mo mbu-
KallUM KJIACCUYeCKOro Tecta MioHcTepbepra Jyuisi AMArHOCTUKKM U30MPATENbHOCTH BHUMAHMSI.
VcnbiTyeMble pernaiy 3aady TOKCKa 3apaHee 33/aHHON OYKBBI B MaccuBax OYKB, COIEPIKAITNX
CJI0BA PYCCKOTO sI3bIKa. B mepBoM ycsioBuu 1esieBbie GYKBbI BCEr/Ia Pa3MEIaiCh B CJIOBAX, O YeM
UCIBITYEMBII He ObLI IpeynpeskaeH. Bo BropoM yciioBuu OyKBbI Beeraa ObLIM 3a MPEIeJIaMu CJIOB.
B TperbeM yeJIoBIN MacCHBBI OYKB He cofiepKaii ¢ioB. [IpoBeieHHOe Mecie[oBaHIe BBISIBUIIO JHC-
COIMAIUIO TIPOJYKTUBHBIX TIOKA3aTeNell pPelleHus 3ala4d U ee CyObEeKTUBHON perpeseHTarui:
HECMOTPsI Ha TO YTO YCJIOBHST IPEbSIBIIECHIST OOBEKTUBHO He OKa3aJIi BIUSTHUS HA CKOPOCTH MTONCKA,
UCIIBITYEeMbIE TI0-Pa3HOMY OIEHVBAJIN UX BJIMSIHKE Ha pelenre 3a1aun. Korja renesast GyKBa BXO-
JINJIa B COCTAB CJIOB, IIPUCYTCTBUE CIIOB CYOHEKTUBHO 0GJIErYasio pelieHre 3a1a4m, a KOT/a 1esieBast
GyKBa HAXOJIMJIACH 32 TIPEJIETIAMHE CJIOB, TPUCYTCTBHE CIOB CYOHEKTUBHO 3aTPY/HSIO €€ OThICKaHHe.
Kpome Toro, ucrbiTyemblie BIBOE Yallle 3aMedasiy CJIOBa B MaccuBax OYKB, KOIjia 1eJieBast GyKBa BXO-
JIUJIA B COCTaB CJI0B. MbI MHTEPIPETUPYEM JaHHbII PE3YJIBTaT KaK AUCCOLMUAIII0 HUCXOSAIINX PO-
11eccoB B 00paboTKe 3pUTeNbHON MH(DOPMAIMU 1 HUCXOAANINX BJUSHUN HA TTPOIIECC PEIICHMS 3a/1a-
YK 3PUTEIBHOTO TIOKMCKA, CBSI3aHHBIX ¢ YKPYITHEHUEM eIMHUIL 00PabOTKY 3PUTEIbHOI MH(pOPMAIUH.

KioueBbie cioBa: 3puresibHOe BHUMAHUE, 3PUTEIBHBIN MOMCK, HUCXOMSIIINE BIUSHUS HA
06paboTKy 3puTeabHON uHpOpMaIyu, apheKT MPEeBOCXoACTBA CJI0Ba, TecT MIoHCTEpHepra.



