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Abstract: Mental imagery generation is essential in the retrieval and storage of knowledge. Previous studies have
indicated that the holistic properties of mental imagery generation can be evaluated more easily than the partial
properties. However, the relationship between partial and holistic mental imagery generations has not been clearly
demonstrated. To address this issue, we designed a task to investigate the changes in the spectrum of the electro-
encephalogram (EEG) during partial or holistic imagery generation. EEG signals were obtained from 18 healthy
subjects, and a statistical measure of spectral dynamics between two EEG signals in per frequency band was per-
formed. Additionally, a bicoherence spectrum analysis was used to detect the phase coupling within these two imagery
conditions. Our results indicated that EEG of the partial imagery appeared earlier and stronger than that of the holistic
imagery in the theta (5-8 Hz) range in a time window around 220 to 300 ms after cue onset, and a slight decrease in the
alpha (812 Hz) band was observed at around 270 ms. The scalp topography of these changes in the theta and alpha
bands distributed overall significantly in the frontal and central-temporal areas. The significant phase coupling within
two conditions was remarkable at high frequency. From these results, we infer that there are complex relations be-
tween partial and holistic imageries. The generation of partial mental imagery is not a subprocess of holistic imagery,
but it is relevant to holistic imagery and requires correct modification from the holistic information.
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1 Introduction imagery, such as general, specific, contextual, and
episodic autobiographical (de Beni and Pazzaglia,
1995; Cornoldi and Rossana, 1998), but the
relationship between partial and holistic mental

imagery generations is still poorly understood. Some

Mental imagery is an important topic in both
classical and modern psychology, as it is central to the
study of knowledge. The generation of mental

imagery is usually defined as a cognitive process
producing a transient internal visual representation of
an object through the reactivation of information
stored in long-term memory (Tippett, 1992). Previous
studies have investigated different kinds of mental
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visual perception studies, which share the common
problem of modality-specific mechanisms and similar
information processing with imagery, have shown
that a subject evaluates holistic properties more easily
than partial properties (Shepard and Cooper, 1982;
Farah, 1988; Kosslyn, 1994). Additional experiments
have been designed to investigate both visual
perception and mental imagery, and have proved that
the identification of holistic information is more
important than that of partial information during
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mental imagery generation (Ganis et al., 2004; Lag et
al., 2006; Thomas and Forde, 2006).

This is not surprising: the holistic information, as
the high-level properties, is more explicitly present,
while the partial properties are buried in the holistic
properties. However, what is of most relevance to
mental imagery is retrieving the partial information
from memory and defining the relationship between
partial and holistic properties. Some study results
have suggested that holistic properties might be
retrieved before partial properties, but other study
results have suggested that mental imagery also
preserves partial features, which can be retrieved
directly from memory (Peterson et al., 1992).
Furthermore, most of the research results mentioned
above were only based on behavioral methods. It is
difficult for us to know more about the cortical
process during the holistic and partial imagery
generations and the possible relationship between
them. To better understand the process of mental
imagery generation, in the present study, we used
electroencephalogram (EEG) to provide additional
spatio-temporal information.

The EEG is a widely accepted method for ob-
taining specific information on the levels of cortical
information processing and changes that occur during
unconsciousness or various states of conscious
awareness (Kotchoubey et al., 2005). Occurring as
cognition processing, different EEG methods have
been developed to quantify the difference in the fre-
guency components of the EEG signal (Jennett et al.,
2001; Borthwick and Crossley, 2004). von Stein and
Sarnthein (2000) investigated the dynamics in the
frequency components of the EEG signal during
working memory retention and mental imagery. Their
results showed specific EEG characters in processing
internal mental context and proved that EEG dy-
namics could indicate the cortical process of infor-
mation during imagery processing.

In the present study, using EEG dynamics
analysis, we investigated the cortical information
process of partial and holistic properties during
mental imagery generation. We firstly intended to
determine which EEG spectral components would be
involved in the mental imagery processing and
whether there were any different characteristics of
regional spectral field powers in both states. Then a
bicoherence spectrum analysis (Li et al., 2007a;

2007b) was used to illustrate the interaction dynamics
during two imagery conditions. Finally, the relation-
ship between the processes of holistic and partial
properties in imagery is discussed.

2 Materials and methods
2.1 Subjects

Eighteen healthy students (10 males, 8 females,
age 21-26 years) from Dalian University of Tech-
nology participated in this study. All subjects were
right-handed, had no current or past neurological or
psychiatric illness, and had normal or corrected-
to-normal vision. In addition, all subjects signed an
informed consent and were paid at the end of the
experiment.

2.2 Stimuli

Subjects were seated in a comfortable armchair,
monitored within an electrically-shielded room under
dim conditions of artificial lighting. We prepared 60
gray line drawings of common and emotionally neu-
tral objects that contained a very distinct portion for
the partial properties. Objects were presented on a
black background. Two sets of “cue” words (“partial”
vs. “holistic”) were used for this study. The visual
contrast of the “cue” words was 15% in order to re-
duce brain activation that would be elicited by stimuli
in the visual cortex during perception (Ganis et al.,
2004; Qiu et al., 2007). The words were presented in
the center of the white foreground against a black
background (font size 2.6 cmx2.5 cm, corresponding
to a visual angle of 3.5°). All drawings were displayed
twice, associated with either a “partial” or “holistic”
cue word. The words were spelled by no more than
2—4 Chinese characters, and words’ frequencies (mean
instances per million words) were more than 60%.

2.3 Procedure

Task presentation was controlled by E-Prime
software (Macwhinney et al., 1997), and displayed on
a 17-inch (1 inch=2.54 cm) liquid crystal display
(LCD) monitor. Prior to the EEG session, we gave the
participants a hard copy album and asked them to
observe the drawing stimuli during preparation for the
experiment. The structure of each trial is illustrated in
Fig. 1. First, an asterisk fixation point was presented
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for a random presentation duration between 800-
2000 ms in the center of the screen, and then re-
placed by the line drawing stimulation, which was
presented for 500 ms. After a cross fixation point
appeared for 4000 ms, a “cue” word named for the
partial or holistic of drawing was presented centrally,
and remained on the screen until the participants
responded. The participants were asked to generate
the mental imagery induced by the “cue” words.
They put their right index finger on the keys of
SRBOX (Serial Response Box, Psychology Soft-
ware Tools Inc., USA), and pressed while the im-
agery was generated in the mind. The total number
of trials was 120, and all the trials were accessed
stochastically by computer.

2.4 EEG recording

EEG data were collected from 64 channels
(10-20 systems, 62 scalps and FCz as reference, AFz
as ground) at a sampling rate of 500 Hz with an ana-
log pass band of 0.01 to 100 Hz (Brain Production
system, Germany). Input impedance was brought un-
der 5 kQ by careful scalp preparation. Horizontal and
vertical electro-oculograms (EOGs) were concurrently
monitored with separate bipolar channels to permit
the rejection of blinks and eye-movement artifacts.

2.5 Data analysis

Offline, the vision analyzer software (Version
1.05), was used. EEG data were segmented into epoch

* +
)

of 1200 ms duration (—200 to 1000 ms relative to
“cue” word presentation) after bandpass filtering
with 0.1-70 Hz and 50 Hz notch filtering. Epochs
were then re-referenced to an average reference.
Eye movements and blinks were corrected via a
regression procedure implemented within the vision
analyzer software package. Muscle artifacts were
identified and marked in the raw EEG record
(maximum amplitude £70 pV or electrode drifts) by
visual inspection.

To investigate the power of oscillatory activity,
the EEG signals were convolved with complex Mor-
let wavelets to yield the wavelet transform (Mallat,
1999). In the wavelet transform, data were exported
and analyzed by custom Matlab scripts built on the
open source EEGLAB toolbox (http://sccn.ucsd.edu/
eeglab) (Delorme and Makeig, 2004). The number of
cycles in these wavelets increased smoothly from 3
cycles at 1 Hz to 6 cycles at 23 Hz. To avoid cancel-
ling out non-phase-locked activity in the average,
each epoch was subsequently squared for computing
power of activity before averaged (Min and Hermann,
2007; Arnfred et al., 2008). Finally, the wavelets were
normalized within subjects so that their total energy
was equal to unity.

Like most event-related spectra studies (Liu et
al., 2006; Leon-Carrion et al., 2008; Min et al., 2008),
the mean spectral power of both conditions was cal-
culated separately by averaging across frequencies
and epochs in each subject. To investigate the
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Fig. 1 Schematic of the structure of a trial
Each trial begins with a presentation of a previously studied object image. Participants had to generate a special visual mental
image property of the object, after seeing a cue word for the partial or holistic properties of the object. Upon generating im-
agery, participants performed the judgment as quickly as they could, and their response time (RT) was recorded
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interaction effect between areas, we measured the
mean power of three scalp locations, namely frontal
(FP1, AF7, AF3, F7, F5, F3, FT7, Fpz, F1, Fz, F2,
Fp2, AF4, AF8, F4, F6, F8), central-temporal (FT7,
FC5, FC3, T7,C5, C3, TP7, CP5, CP3, FC1, FC2, C1,
Cz, C2, CP1, CPz, CP2, FC4, FC6, FT8, C4, C6, T8,
CP4, CP6, TP8), and parieto-occipital (P7, P5, P3,
PO7, PO3, 01, P1, Pz, P2, POz, Oz, P4, P6, P8, POA4,
PO8, 02). A point-wise Wilcoxon-test was used to
characterize whether time periods and frequency had
reliable differences in both conditions (Khateb et al.,
2007). This analysis used Wilcoxon-tests to compare
every frequency spectral power of both conditions
across all 18 subjects at every time point (from the
cue to 1000 ms post-cue) and scalp location. Only the
significant P values (<0.05) over 10 consecutive time
points (20 ms) were marked.

The bicoherence spectrum analysis involved a
method from Li et al. (2007a; 2007b). This method is
a time-scale wavelet cross-bispectrum analysis and
enables one to quantify the amount of phase coupling.
It is better than Fourier-based bicoherence analysis in
non-linear systems and can detect short-term non-
linear interactions. In this study, we first obtained the
grand-average EEG signals of partial and holistic
imageries from 18 subjects and then used this method
to analyze the interaction within two imagery condi-
tions from 1 to 23 Hz at three locations.

3 Results

For two conditions, the grand-average response
time (RT) was (1230£113) ms (for the partial
condition) and (1124+167) ms (for the holistic
condition), respectively. Although RT was slightly
longer in partial imagery than in holistic imagery,
analysis of variance (ANOVA) performed on RTs
showed no significant difference between the two
conditions (F(1,32)=3.579, P=0.067).

The results of point-wise paired Wilcoxon-tests
are shown in Fig. 2a, which depicts the significant P
values over time and locations. The first major
difference appeared in the theta (5-8 Hz) range at
around 220 ms post-cue and lasted up to 300 ms, and
the power of theta in the partial imagery was
significantly higher than that in the holistic imagery in

this time window. The grand-average power spectra
of partial and holistic imageries at three locations are
shown in Figs. 2b and 2c. Both partial and holistic
imageries induced a stronger power spectrum than
baseline spectrum in the 180-310 ms time window
in theta bands. Other differences were confirmed
slightly after about 270 ms in alpha (8-12 Hz) spectra
and its time window associated with less alpha power
between partial and holistic imageries. From the
grand-average power spectra, the partial imagery had
lower alpha spectral powers around the 270 ms time
window.

Fig. 3 shows the mean epochs that were
averaged from theta (5-8 Hz) and alpha (8-12 Hz)
spectra at 18 subjects over frontal, central-temporal,
and parieto-occipital cortex locations. The grand-
average topographical distributions for the theta and
alpha power were illustrated around 180-320 ms with
50 ms time interval, and were presented above the
waveform of mean epochs. The configurations of
180-320 ms time windows were made by the time
period when partial and holistic imageries revealed
significant difference with point-wise Wilcoxon-test
procedure. Post-hoc tests were performed using one-
sample t-tests at the spectral power of theta and alpha
frequencies within three time windows and two
imagery conditions across 18 subjects. Mean
frequency power and the significance were reported
in the Table 1. As shown in these, the burst time of
theta power in partial imagery was at 180 ms and
lasted to 240 ms, while the holistic condition occurred
at 280 ms and lasted to 310 ms. The burst time of the
partial imagery in theta was earlier than that of the
holistic imagery. Alpha power had a similar burst
time for the two imagery conditions, but the partial
imagery showed less alpha power than the holistic. As
shown in topographical distributions, the theta power
was more distributed in pre-frontal location, and
alpha power around the left frontal region has more
diversity in both two conditions.

The biocherence spectrum between partial and
holistic imageries is illustrated in Fig. 4. Fuscous
color represents the significant interaction spectrum.
The results show that there was a significant phase
coupling within high frequency between the two
imagery conditions across three locations. In low
frequency, the phase coupling was less marked.
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Fig. 2 Comparison of individual spectra in partial imagery with those in holistic imagery from “cue” word onset to
1000 ms later by point-wise Wilcoxon-tests

(a) The significant P values over time and three recording areas; (b, ¢) Grand mean spectral power changes for the partial
and holistic imageries, respectively
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Fig. 3 Mean epochs of each subject in the theta (5-8 Hz) (a, b) and alpha (8-12 Hz) (c, d) spectra for an electrode
site (Pz) in partial (a, ¢) and holistic (b, d) imageries

The topographic maps of grand-mean spectral power changes are illustrated from 180-320 ms as 50 ms interval. The maps
were shown from above with the left ear being realistic left
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Table 1 Mean powers of theta and alpha at time windows, locations, and imagery conditions

Imagery Time Frontal Central-temporal Parieto-occipital
conditions  window  Theta (uv?)  Alpha (uv?)  Theta (uW?)  Alpha (uv?)  Theta (uv?)  Alpha (uV?)
Partial  180-230 ms 13.84" 3.86 16.78 6.81" 8.42 2.57
IMagery 230280 ms 9.36" 2.13" 18.36" 10.55 8.14 2.23"
280-320 ms 11.88 1.80" 13.16 7.38 9.33 0.92
Holistic 180230 ms 9.72" 7.35 8.20 12.48 9.34 254
IMagery 230280 ms 17.28" 3.64" 13.67 10.47 8.63 0.61
280-320 ms 14.33" 1.60 11.67" 10.05 8.30" 2.36
* Significant results (P<0.05) using a one-sample t-tests within 18 subjects
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Fig. 4 Bicoherence spectra between the grand-mean EEG signals of partial and holistic imageries within frequencies

from 1 to 23 Hz at three scalp locations
(a) Frontal; (b) Central-temporal; (c) Parieto-occipital

4 Discussion

Our task was designed based on the Rouw et al.
(1997)’s tasks with some modifications. In the Rouw’s
task, the subjects see a simple picture, and then are
asked to generate either the partial or holistic proper-
ties of pictures through a “cue” word and to respond as
soon as possible once the imagery is generated. With
respect to the holistic properties, it seems reasonable
to assume that they correspond to the overall object. In
our experiment, we prepared some common and
emotionally neutral objects (line drawings) that con-
tained a very distinct portion as the partial property
stimuli. Another problem is that most experiments
associated with mental imagery use auditory means to
present “cue” words. However, auditory information
is inappropriate for EEG experiment, because this
requires more time to present and comprehend the
stimulation. Here, we used the “cue” word picture
with 15% visual contrast to reduce visual interference
(Ganis et al., 2004; Qiu et al., 2007).

The purpose of the present investigation was to
determine the dynamic relationship between partial

and holistic conditions during visual mental imagery
generation. The results indicated that most of the
differences between partial and holistic imageries
occurred at the theta and alpha bands, and most of the
significantly different coherence was found in the
frontal and central-temporal areas across subjects.
Behaviorally, the analysis of subjects’ RT was not
different significantly between two conditions. Con-
sistent with previous research, in terms of response
speed, our results showed a trend towards longer RT
in the partial rather than in the holistic imagery (Rouw
etal., 1997).

In the present study, we found that both partial
and holistic imageries could induce a significantly
stronger power spectral than baseline in the theta band.
Several research groups have identified frontal theta
in humans, which increases in power with the work-
ing memory load in the n-back and the Sternberg task
(Rouw et al., 1997; Jensen and Tesche, 2002). As
well, the theta rhythm (4-8 Hz) recently has been
implicated in encoding and retrieving information
(Caldwell et al., 2003; Srinivasan, 2007). A number
of studies have shown that a mental image usually
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begins with the representation process of an object
through the reactivation of information stored in the
long-term memory (Tippett, 1992). Therefore, we
could consider the changes of theta in the 220-300 ms
time window as a memory retrieving process. Addi-
tionally, if partial imagery generation was only a
process following holistic generation, partial imagery
should have a later time of onset of theta bursts than
holistic imagery. However, in our study, the time of
theta bursts in the partial imagery was earlier and
stronger than that in the holistic imagery. This means
that during partial imagery generation, the partial
properties should be retrieved no later than holistic
generation, and not be a subsequent process after
holistic imagery. Furthermore, this retrieval induced
stronger theta power to complete the detail of mental
imagery, for it may encounter a more complex proc-
essing to retrieve information from memory. The
results support the hypothesis that mental imagery
also preserves partial features, and partial imagery
could be retrieved directly from memory (Peterson et
al., 1992).

The alpha rhythm will be reduced during tasks
requiring attention and mental effort. In a previous
study on imagery creativity, spectral analysis with
EEG in insight studies has found that the insight
preparation was associated with less alpha power in
the 9-10 Hz range, especially in the mid-frontal cor-
tex and left anterior-temporal cortex, compared with
the timeout preparation (Srinivasan, 2007). Addi-
tionally, other experiments on working memory have
shown that the function of alpha activity is the most
possible carrier of top-down information (Min and
Hermann, 2007). In our present study, we found that
the partial imagery also showed a significant decrease
in the alpha bands, indicating that partial mental im-
agery might contain a creative or modifying process,
not a simple memory retrieval process. Therefore, we
can state that the partial imagery generation still re-
quires complex interactions with the information of
holistic imagery in memory, though it does not need
to first generate the holistic imagery.

Wavelet bicoherence can reveal the higher order
correlation and quantify non-linear relationships be-
tween neuronal oscillations. In this study, we found
there was a significant synchronization within high
frequency between the two imagery conditions. It has
been proposed that high-frequency population signals

were mainly associated with more local processes,
whereas low-frequency signals were mediated by
long-range interactions (von Stein and Sarnthein,
2000; Bruns and Eckhorn, 2004). Our results suggest
that the information processes of partial and holistic
imageries have similar functional units of cortex in
the local areas, whereas the long-range interactions
that reflect the cooperation and intercommunion be-
tween functional units were not similar.

In conclusion, the present results show that there
were significantly different EEG patterns between the
partial and holistic mental imageries. The partial
imagery involved a memory retrieval process and
required a complex modification from the informa-
tion of holistic imagery, while the holistic imagery
was only related to a memory retrieval process. Our
study provides more experimental support and ex-
pands on theories of mental imagery. Finally, al-
though we analyzed the EEG dynamics between two
tasks, the brain spatiotemporal and spectral changes
implied by the task were only tentative. Therefore,
studies should be performed using source localization,
and focus on the given spectra to investigate the dif-
ferent spatio-temporal cortical activation patterns
between the two mental imageries.
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