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ABSTRACT

ERPs were examined by showing the various pairs of pictures of tables and chairs to eighteen healthy
participants. The pictures were selected and divided into four chair types based on design expertise: Normal,
Minimal, ReadyMade, and Deconstruction. In the sequent trials, the typical tables (normal) were matched to
four styles of chairs randomly. It recorded participants’ semantic matching performances and reaction time
to examine the degree of conflict and observed the semantically unmatched response.

Behavioral results exhibited that the groups with both less match degree to normal table and shorter
reaction time in order were Deconstruction-Unmatched, ReadyMade-Unmatched, Minimal-Unmatched, and
Normal-Matched chairs. ERP result displayed that Minimal-Unmatched (combination of found objects)
reached N400 maximum amplitude than others at anterior and central scale regions.
Deconstruction-Unmatched (non-rectilinear shapes serve to distort, deform and dislocate elements or
structure) activated the greatest late positive component (LPC) than others at anterior, left posterior and
right posterior scale regions. There was no significant effect between Minimal-Unmatched (object is
reduced to its necessary elements) and Normal-Matched at N40O or LPC. These findings suggest that the
within-category identification task to the artifacts could obtain significant N400 when they were strongly
different in style.

Keywords: artistic furniture; ERPs; N400; semantic judgments; style mapping.
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1. INTRODUCTION

Rapid developments in art and design have created artifacts in the same category (e.g., furniture) that
have a variety of features and different design styles. Figure 1 shows various examples, including Normal,
ReadyMade, Deconstruction, Minimal, etc. People might be familiar with inharmonic furniture arrangement,
such as a modern floor lamp next to the classic sofa. It is of theoretical and practical importance to examine
whether semantic networks represent the same-category artificial objects in different styles similarly or
differently. This study answers this question using the N400 effect, which is an ERP effect for indexing
whether artificial objects of different design styles produce different semantic processing.

The N400 is a widely distributed negative-going wave peaking around 400 ms after the onset of any
meaningful stimuli. The N400 presents the semantic relationship between the current stimulus and the
preceding context. Previous research indicates that several stimuli can elicit the N400: the final word of a
sentence (Kutas and Hillyard, 1980), picture-words (Greenham et al., 2003), pairs of words (Pritchard et al.,
1991; Nufiez-Pefia and Honrubia-Serrano, 2005 and Khateb et al., 2007), pairs of pictures (Barrett and Rugg,
1990; Bobes et al., 1996; Ellis and Nelson, 1999; Proverbio et al., 2007 and Guerra et al., 2009), and even
incongruent human actions (Proverbio and Riva, 2009) when the presented objects do not fit in the
previously established semantic category. Researchers have examined how classifying objects into
categories evokes the N400 effect for many years. Previous studies compare the N400 effects for
between-category objects (e.g., Books vs. Dogs) with those for within-category objects (e.g., Sheepdogs vs.
Golden Retrievers) (Bobes et al., 1996; Proverbio et al., 2007; Guerra et al., 2009 and Hamm et al., 2002).
Several studies further demonstrate that the non-prototypical categories within the same semantic category
(e.g., Shar-Peis) elicit a greater negative N400 than prototypical categories (e.g., Golden Retrievers)
(Pritchard et al., 1991 and Stuss et al., 1988). These results suggest that semantic category and congruency
elicit N40O effects. Most of these experiments dealt with natural categories (e.g., plants, animals, fruits)
rather than artificial categories (e.g., tools, furniture, bicycles) (Proverbio et al., 2007 and Paz-Caballero et
al., 2006). This may be because artificial objects have more distinct features that make them easier to
identify. However, the border between object categories for design or art pieces is often rather blurred, and
it is occasionally too difficult to classify objects due to tremendous variations in style. For instance, the
works of ReadyMade, produced with a combination of unrelated found objects, inevitably mixes the
familiar with the unfamiliar. In Figure 1, the guitar chair appears bizarre as a whole, despite the fact that the
box and the guitar were so common individually.

This study investigates whether within-category semantic matching tasks elicit N400 amplitudes. The
participants in this study had to decide if the presentation of a target picture matched that of a prime picture.
To determine the correlation between “table” and “chair,” the normal “table” was presented as the prime
image and four categories of “chairs” were presented as targets: normal, ReadyMade, deconstruction, and
minimal chairs (see Figure 1). As described previously, ReadyMade works are close to a kind of art.

Minimal designs are the real products, with minimal elements and a structure reduced to the bare necessities.
Deconstruction works, like art pieces, usually exhibit non-rectilinear shapes with distorted, deformed, and
dislocated elements or structures. The combinations of these distinguishable stimuli make it possible to
observe the different degrees of within-category match and N400 effects.

2. METHOD
2.1 Participants

Eighteen undergraduate students (10 males; mean age=22y) from National Central University were
paid 500 New Taiwan dollars to participate in the experiment. All participants were right-handed native
Chinese speakers, with normal or corrected-to-normal vision. Written consent was obtained from all
participants.



2.2 Materials

The stimuli included 8 gray-level pictures of tables and 32 gray-level pictures of chairs (see Figure 1)
on a white background. All the pictures were selected from the internet. Each picture was approximately 6
cm tall and 4 cm wide. The 32 chairs were divided into 4 groups of 8 chairs. Each group corresponded to
one of the following design styles: Normal, Minimal, Deconstruction, and ReadyMade. The categorization
was performed by six design experts. All eight tables, however, were the normal design style. A total of 256
trials were generated by pairing each of the eight tables to each of the 32 chairs. This pairing produced four
types of table-chair combinations, with 64 pairs in each combination. The semantic relationship between the
table and chair was matched in Normal-Normal pairs, but not in the other three types of table-chair pairs.

Insert Figure 1 here

2.3 Procedure

Participants were fitted with an elastic electrode cap and then seated in an electrically isolated chamber
at a viewing distance of 70 cm from a monitor. During the experiment, participants made style judgments on
256 table and chair pairs presented sequentially. Each trial started with showing a fixation point at the center
of the screen for 1000 ms. After the fixation point disappeared, the prime image (i.e., one of the eight
normal-style tables) was presented for 1000 ms, followed by a blank screen for 500 ms. The target (i.e., a
chair of ReadyMade, Deconstruction, Minimal, or Normal style) then appeared and remained on the screen
for 1000 ms. During this brief period, participants judged whether the chair matched the preceding table in
terms of structure and appearance. The screen then went blank for 1000 ms, after which the next trial started.
There was short break after 128 trials. Again, participants were instructed to judge whether the chair
matched the preceding table in terms of structure and appearance. The style judgment was made by pressing
the index fingers of both hands. The correspondence between left/right hands and matched/unmatched
judgments was counterbalanced across participants.

2.4 ERP recording and analysis

EEG signals were continuously recorded from 64 Ag/AgCl electrodes, 62 of which were embedded in
an elastic cap. The remaining two electrodes were placed on the mastoids. All channels were referenced to
an electrode located between Fz and FCz, and were re-referenced off-line to the recordings of the linked
mastoids. Vertical and horizontal EEG signals were recorded from bipolar electrodes placed above and
below the left eye, and on the outer canthi of each eye. Data was continuously recorded and sampled at 250
Hz. All channels were amplified with a bandpass filter of 0.05-70 Hz (3dB points). Linear regression
corrected the contribution of blink artifacts to the EEG signals (Semlitsch et al., 1986). ERPs were
calculated for epochs of 1020 ms relative to the onset of the pictures of chairs, with a 100 ms pre-stimulus
interval as baseline. Data was low-pass filtered by 30 Hz (12dB/octave). Trials containing non-blink eye
movements or having a baseline drift exceeding 70 uV in any channel were rejected.

3. RESULTS

Repeated measures ANOVA were used to analyze both the behavioral and ERP data. The
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Greenhouse-Geisser correction for non-sphericity was applied as necessary, and F ratios are reported with
Greenhouse-Geisser epsilon values (€) and adjusted p-levels.

3.1 Behavioral data

Table 1 displays the proportions of “match” responses and reaction times for the style judgments of all
four types of chairs. A repeated measure ANOVA on the proportion of match responses reveals a significant
main effect of chair type (F[3, 51]=19.76, p<.001, £=0.48). Post-hoc comparisons with Bonferroni
corrections shows that the proportions of match responses were statistically equivalent for Normal chairs
and Minimal chairs, and were both higher than the proportions for ReadyMade chairs (both p<.001) and
Deconstruction chairs (p<.005, and p<.001, respectively). There were no differences between the proportion
of match responses for ReadyMade chairs and Deconstruction chairs. A two-way repeated measure ANOVA
on the reaction time data reveals that both the main effects of chair type and response type (matched vs.
unmatched) were insignificant, along with their interaction.

Insert Table 1 here

3.2 ERP data

This study computes ERPs time-locked to the onset of the chairs based on the responses of each
participant, including “match” responses for normal chairs and “unmatch” responses to Minimal,
Deconstruction, and ReadyMade chairs. The discussion below uses the following nomenclature to label
these four ERP categories: Normal-Matched, Minimal-Unmatched, Deconstruction-Unmatched, and
ReadyMade-Unmatched. The mean trial numbers for these four types were 27 (16-60), 28 (17-43), 41
(16-63), and 41 (23-60), respectively.

Figure 2 shows the grand averages of the ERPs associated with these four response types. The
waveforms diverged approximately 200 ms after stimulus onset, with the ReadyMade-Unmatched and
Deconstruction-Unmatched waveforms being more negative than the Normal-Matched and
Minimal-Unmatched waveforms 300-500 ms after stimulus onset. The N400 analysis in this study is based
on the mean amplitudes of this 300-500 ms time window. An ANOVA was first conducted for each time
period using data acquired from 27 electrode sites located over 9 scalp regions: left anterior (F7, F5, F3),
medial anterior (F1, Fz, F2), right anterior (F4, F6, F8), left central (T7, C5, C3), medial-central (C1, Cz,
C2), right central (C4, C6, T8), left posterior (P7, P5, P3), medial-posterior (P1, Pz, P2), and right posterior
(P4, P7, P8). Factors in this analysis included chair response type, left-right scalp region (left, medial, right),
and anterior-posterior caudality (anterior, central, and posterior). Subsidiary ANOVAs for pairwise
comparison were conducted for any significant effects involving the chair type factor.

Insert Figure 2 here

3.3 N400

The global ANOVA showed that the main effect of chair type was significant (F[3,51]=2.88, p=.05,
€=0.87). The interaction between chair-response type and caudality was also significant (F[6,102]=14.49,
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p<.001, £=0.35). Subsidiary analyses of Normal-Matched vs. ReadyMade-Unmatched categories showed
that the main effect of chair-response type and its interaction with caudality were significant (F[1,17]=6.14,
p<.05 and F[2,34]=10.26, p<.01, &=0.65, respectively). These findings revealed a greater negativity in
ReadyMade-Unmatched than Normal-Matched, and this N400 effect was most pronounced at the anterior
and center sites (F[1,17]=9.68, p<.01; F[1,17]=6.70, p<.05). A comparison between
Deconstruction-Unmatched and Normal-Matched reveals significant interaction between chair-response
type and causality (F[2,34]=16.26, p<.001, €=0.62). Follow-up analyses revealed a greater N400 effect for
the Deconstruction-Unmatched category than Normal-Matched category at the anterior sites (F[1,17]=9.69,
p<.01), but a positivity over the posterior sites (F[1,17]=5.33, p<.05). A comparison between the
Minimal-Unmatched and Normal-Matched categories reveals no significant effects involving the
chair-response factor.

3.4 Topographic Analysis

Because the ReadyMade-Unmatched and Deconstruction-Unmatched categories produced a greater
N400 effect than the Normal-Matched category, this section examines whether the N400 effect for these two
types of chairs exhibited different scalp distributions. Two different waves were generated by subtracting
the Normal-Matched waveforms from the ReadyMade-Unmatched and Deconstruction-Unmatched
waveforms. The waves from the 62 scalp electrode sites were range-normalized using the max-min method
to avoid any confounding effects in the magnitudes of the two effects and the differences in scalp
distribution (McCarthy & Wood, 1985). The range-normalized data was then entered as a factor with 62
levels (all the scalp electrodes) in topographical analysis (Figure 3). Results show that a significant
interaction between chair-response type and recording site (F[61,1037]=2.77, p<0.001, £=0.08), suggesting
that the N400 effect had different topographic distributions for ReadyMade and Deconstruction chairs.

Insert Figure 3 here

4. DISCUSSION

This study shows that a stronger variation in style elicits stronger N400 effects within the same
category. These results imply that people can easily recognize conspicuous styling as non-prototype. In
addition, the N400 effects of the Deconstruction and ReadyMade styles had different topographic
distributions, indicating that these two styles might reveal unique characteristics.

When examining stimuli individually, unrelated parts in ReadyMade objects have an important influence
on the impression of the whole, and produced similar trials for between-category tasks. For instance, the
participants might initially confuse the guitar chair for a musical instrument (Figure 1). Similar to
Deconstruction objects, even maintaining a vague impression of chairs, they include peoples within the
puzzle (Figure 1) because their fragmentary and distortional features are distant from the ideal type of chair.
Even though Minimal chair designs have fewer elements than normal chairs, they possess the essential
frame of a chair, which is not much different from that found in a typical chair. As the result, the
comparison of four “within-category” styles in this study is similar to “non-prototypical categories and
prototypical categories” (Pritchard et al., 1991 and Stuss et al., 1988). This shows that for natural objects
(Proverbio et al., 2007 and Paz-Caballero et al., 2006) and artificial objects, non-prototypical categories
elicited a greater negative N400 effect than prototypical categories.

The sensitivity of semantic recognition may depend on expertise. For example, because the participants
in this study were not familiar with styling, experts might have been better able to detect the tiny different
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feature in the within-category identification task. Thus, professional designers would likely elicit a greater
N400 than the general public, even when comparing Minimal-Unmatched with Normal-Matched chairs.
Future research should adopt a hierarchical structure of the spectrum of artistic styles.
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TABLE & FIGURE CAPTIONS

Table 1. Behavioral results for four chair types in the semantic matched/unmatched judgment tasks (standard
deviation of means in parentheses)

Matched response (%) Reaction time (ms)
Normal table vs. Normal chair 54 (22) matched 920 (290)
unmatched 925 (459)
Normal table vs. Minimal chair 44 (13) matched 959 (477)
unmatched 923 (284)
Normal table vs. Deconstruction chair 20 (15) matched 895 (649)
unmatched 874 (404)
Normal table vs. ReadyMade chair 21 (11) matched 993 (538)
unmatched 869 (315)




Figure 1. Stimuli included 4 types of table-chair pairs (Normal-Normal, Normal-Minimal,
Normal-Deconstruction, and Normal-ReadyMade).
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Figure 2. Grand average ERP waveforms showing the N400 effects in ReadyMade-Unmatched,
Deconstruction-Unmatched, and Minimal-Unmatched conditions (N400: 300-500 ms).
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Figure 3. Voltage spline maps showing the topographies of the N400 (300-500 ms) effects elicited in
ReadyMade-Unmatched and Deconstruction-Unmatched categories.

E +1.0 ! +1.5

- -

= | -
P = "I i 3.0
ReadyMade-Unmatched Deconstruction-Unmatched

10



Appendix A
R e R BET+H 2584 p =4

FRE LR PR R R PR SIS 2 RN

lp
IE(@—Q!FIEi*%bTJ*Z\'».&%"%'E"%%}‘Ké“a HE BTt ) L F i
EaGd g LY R AR FRAEBFHEES > T- 5FEFR o
Ly h 7o Rz EAp PR 230 0 RFRT- FEFR
g
[] &&= 04k (Gsp > 12100 )
[] R &%z
[] Flex R %k » %7
[] B #& k7
B

2. P % a IS LAY g I8
W ior g orgiacgp MERY oa
Lo @ ol ¢ Ma

H o wE osud Be

Hw (2100 F 52)

3 lzﬁmq\)ﬁ”ﬁmf’la G R TR R S ¥

@(ﬁﬁhﬁi%wﬁiaﬂi‘%ﬁxﬁ$ - HE BT ) (1

500 3 % *2)
*piﬁﬁEW”ﬁﬁﬁﬁm-ﬁﬁé%&%ﬁﬂ?ﬂﬁwg4m%g

i ’ﬁ“* DR O R PR ST B S

S

’f'“

FEFERR—RF AP —ASERER - K3 Ly ey
RK%O _gﬁv$%#P H2 A EHTFES ST E 7‘ﬂéh§ﬁt”@*ﬂ%
BFT MR E L ERAFIMAHEREERZFF R — 0
p,a@ﬁﬁmﬁﬁﬁiw%§§H%¢%?mW g oM gRHEY - B
el 5 H7 A 58 & Fog(neurology and arts)” o B4R R A AT B E KT E

gwmmggﬁﬁﬁpf’ﬁﬁpfﬁﬁopii APy x ke s gL
2 :},\7} T International Journal of Psychophysiology SCI # =] » Hp 7 p =0 % %

oA R LR F RS BT 9 R E L
a‘%rﬁéﬁ; A BT ER R R X S 2 A

11



Appendix B

Af AR METPEAT IR RREIE R WS

pep 98+ 06" 15

3 e NSC 97-2221-E-009-094-MY 2
FRME IR P RERRASDRE AR {op jBIER
IR AR , PRAR 18 41
4. % i % #
98 # 5% 27p % . Charlmers University of Technology, i
RFER , KB .
AAFE 198255 29 AREE g ew
g ERe 7}#— Cumulus Conference, London 2009
Fhwme New Member’s Fair & General Assembl
W [
3P g
- s e BRI
Cumulusf_— B~ 5 2 Fpa? 5 X3 o f PMAB ORISR § o v 45 & 17 @i oo 55

o /\ _’I

- B o 2HFARBLOTE fafrs e 2t g 0 & Mﬁ)’;m@ﬂ“%géi'fr‘}éﬁ%t‘ FE 4
Cumulus Conference, London 2009 45% 27~30p £ » 2w X > W LR )F#H 5 4 o

;& é;iz AT BE L L g T > Ly M@ s e ;{gJ.?i.—;,%z@,&rh,},%
ole A A K EATE SApf s TR AT AW S AR e @R §o 0 I B ifen o Al LA ¥ il
BAorck A Ad s e dp s FRHIRTI-E s £ 4 B il R b o Bl R R
PR R AR (R (R o ARG HPRE BRI DAL A 20124 #2015 s 4
B9 AP AKT A B E G i kAT o RAE PR IRE T 2

ggﬁ@ﬁii/’:\?‘f% ' E f”’?“'%}'l lmj«?{"‘%%—?’ I oE g‘&g T FHEE B E o ¥ B A R
FE A F o LA e 45 1 Ken Robinson, Dr Angela Dumas, Chris Powell, Shane Walter, Matthew Bagwell,
Professor Robin Baker - & ¥ o456 i § 2~ A€ RRBHRA FERETE > BEFE - i
€~ %3RCAZ X E ~ h3t % % -

= ‘.ﬁg:b‘fg

AT EE - KRB M- FEHE jlg AR TFlER K @ﬁmﬁc%(:umulus‘ F\( 1§ e %%gﬁ&ﬁ
§ATERRERS A A A REATEATE B RE @f‘°»4frﬁ gﬁﬂ BT T SR
S e R L e R T RT N PP LRRTRRTYE



BAHEAL B e SR RM PR > LT R I TR ERP R

\.
la)

fkE pp ot &0 AGRREA R EBRIOEH o GFAEE B T G E
et feR R AT £ 4 \ A
R ARCA BE2a1 - fERES BINS  AGREOUE 0D LEHE - - FR
FRE ERORE PR ol ko IR R R T o

L
®

jul

13



Appendix C

Af AR METPEAT IR RREIE R WS

pep 99+ 10 ¢ 055

tE %%. | NSC 97-2221-E-009-094-MY2

PR | AR A FERBRRASNEERS fop BER
DR AR , PRI o
g, % i & 4
. ey 5 g SRR O R
. 99 &9 25p 1 .
E T SR T )l
ERER 049 28 7 g &4 g | Palexpo, P M, WL

€3k - 2010 The European Federation of Neurological Societies

Fiwm Electrophysiological evidence for semantic within-category task across
2P different styles

—_ N ;4‘: gﬁf?—

2010# % - w Ewco A S8 € ME ¢ 3k (2010 The European Federation of Neurological Societies)
9P 25p 297 28p 0k v SHE X o BRI PP AESE 2T A F R AR o G A kg0
BRI B SR 4%%’57}%@ A P REFERM T o §RF o LRERY R RAA K
FE - TREFERE S RTE LAY Ip‘ei‘"ﬁfﬁiﬁf‘fémf%ﬁii i o P ERAFIMEE LR 2

FERL — o BV L QRPN FERFY FLDRREER - §RE Y - BT
TA & v fpe(neurology and arts) | 0 B HF R E A PR LR BRI CIEEBARE T P 1 &g
Faok o FAFEIES BRI EBFRSNER FEYERDI T AR EPFED 5
%é’#mﬁﬂ"*%éa&?**ﬁ%i}im&%‘éﬁif*m‘?*’ DB UBERPA G L Hopi Eug A gk 3 el
/,%r A2 m”mﬁ»%l“ P AP IR R BB R R RAWERE T Bk RE N AR TRALE A

FEFE LR LP - rr}i’]‘éiﬂ—léq*ﬂwi“’ﬁﬁ% ég”fxofkaﬁ?kp,,_‘wy—aﬁﬂ
x:’ﬂ"a\% SRS LR B AF o

W

ﬂ\:\.

4§ chE BEARIT P N X HSH-crPalexpo v 4ofB B2 RAERIT S S 2097260 L g e v e b
TNERPFANFEE? R R FFE ~LHEE - FEEE - APERS PER MR TR
k> %1035 -~ w & T New frontiers in behavioural neurology ; {= " Cognitive neurology ; » + ¥ %
Yeno i ke 2 % 092 27p eh™ £14:30~16:005 # - /] pFL enjasp g 2 PP > - F B R
BRARA PSR d R L FABRE 5 PR HA PR RGP R IR
B ARG L REREIINAALETFE T E P AP R TR P IFY e o R
FEpI oA FE BT ErFRERRR ek o BH KRR TS B A R R
" Applied Cognitive Psychology ; SCI# 7] > p H7]5 R * "o ez KM awr g > 22 ¥ g &P
SRR E T R

14



= B\ % B~ > ¥ ruposterz i o
fo o ged G en g’:%iwm« 11 poster
R TR TE LYl B - X5 hH 54 E ;ﬁ: i e b
3\ rﬂ ik%"hl-rﬁ s Hn ,{j’_i*,\%" %’—1 mf&] F r-r'-rﬂ €ltag
CRPATE G F S H enk 3 o A
I Bor 3 SN ERBELY TR jcagl R

2, [ 2 ‘_‘_x_-%_[ :,
B PAgE LR RN A A s AR KR L i 513 ok % of
m BP L , 15 =— y i§j _:krs +§'J*’ﬁ’l,§m’-’§' l;}a z E}r} s -1 B S I
Shob FARELERAL o R pros = iy = G R A~
oy i FernTrama & e T 0@ o BURa RS ¢ BAPN e
BLEE o L il AR F L ATramT 2 o

s e Eooo5 ot o 4 _.,—,, ‘:TL"
Ho Lt g R AE R EDD R R 03

FERE Bk Rd LD

=k o )qw

ALGRA, tle
RARENDREGT,
BERNSEN, Piey
BECMER, Tim,
HLOEN, Baia
BRANDY, feke
HRILSTRA, Fn
CHANG, Qing

15



