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Abstract. We investigated the effect of chewing on maintaining memory acquisition during working 
memory (WM) task using Magnetoencephalography. Eleven young-adult subjects performed 
continuous two sessions of visual Sternburg tasks, each of which contains sixty trials of WM task. 
Between the two sessions, subjects were instructed to perform any one of the following tasks of: (1) 
stay still (STAY), (2) chew a gum without any odor and taste (GUM), (3) perform repetitive hand 
exercise (HAND) for three minutes. All of the subjects showed memory load-related strong alpha 
wave oscillation in the occipital area, originating from the calcarine sulcus or the parietooccipital 
sulcus, during memory maintenance. The occipital alpha wave intensities were comparable between 
the two sessions with GUM task, while they were significantly increased in the second session after 
STAY and HAND tasks. The increases of alpha wave activity in STAY and HAND tasks were 
associated with significant decreases of the concentration level in the second session. Furthermore, 
accuracy rate of retrieval questions tended to increase after GUM task, while it tended to decrease and 
was significantly decreased after HAND and STAY tasks, respectively. These results suggest that 
chewing might be a good strategy to maintain efficient WM acquisition. 
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1. Introduction 

Evidence suggests chewing enhances the performance of learning and memory functions. Stephens 
and Tunney [2004] reported that gum chewing appeared to be beneficial to verbal working memory 
(WM), immediate episodic long-term memory, language-based attention and processing speed. Recent 
fMRI study revealed that enhancement of cognitive performance after gum chewing is associated with 
BOLD signal increases in the WM-related brain regions during n-back task [Hirano et. al., 2008]. 
However, how chewing affects WM acquisition to enhance the cognitive performance is still remain 
unclear.  

It has been shown that parieto-occipital alpha band oscillatory activity during visual WM 
maintenance indicates memory load, reflecting functional inhibition of the dorsal visual stream to 
retain memorized items [Jokisch and Jensen, 2007; Tuladhar et. al., 2007]. The intensity of parieto-
occipital alpha wave systematically increases with number of items, which negatively correlates with 
the performance of WM task such as accuracy rate and reaction time [Jokisch and Jensen, 2007]. 
Therefore in this study, we measured the parieto-occipital alpha band activity during WM maintenance 
to investigate whether the enhancing effect of gum chewing on cognitive performance relates to the 
change in memory load during WM acquisition. 
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2. Material and Methods 

2.1. Visual Sternberg task and inter-session tasks 

A slightly modified version of the Sternberg task was applied (Fig. 1a). Visual stimulation was 
presented on a screen located 1.5 m in front of the subjects. Each trial comprised the following steps: 
first, the word “Blink” appeared on the screen, and the subjects were encouraged to blink. As a prompt 
to start, the letter “S” appeared 1 s later; it was followed by presentation of a random list of 4 or 8 
alphabets flashed on the screen for 2 s (encoding period). After a 3-s retention interval (blank screen, 
maintenance period), the probe was presented. The subjects indicated whether the probe was on the list 
or not by pushing a button (retrieval period). All the visual representations were programmed and 
controlled using Presentation software (Neurobehavioral Systems, Albany).  

Two sessions of sixty trials were presented to every subject, and they had a 3-min inter-session 
interval (Fig. 1b). During the interval, the subjects were instructed to perform any one of the following 
3 tasks: (1) stay still (STAY), (2) chew a gum (GUM), or (3) perform a repetitive hand exercise 
(HAND). They were asked to perform these tasks with their heads enclosed in the MEG helmet. Every 
subject performed all of the three tasks in the same experimental day but the order of the tasks was 
counterbalanced among subjects. The gum, without any odor and taste components, was a moderately 
hard type (5.6 × 104 poise, Lotte, Tokyo). Written informed consent was obtained from each subject. 
Experiments were performed according to the ethical guidelines approved by the Committees of the 
Kanagawa Dental College and Tokyo Dental College. 

2.2. MEG recording and spectral analysis 

We used a 306-channel system (Vectorview; Elekta Neuromag, Helsinki) to collect MEG data 
from eleven young-adult subjects (21–34 y). The signals were band-passed at 0.1–130 Hz and digitized 
at 400 Hz. Electro-oculogram (EOG) responses were measured simultaneously with the MEG. 
Responses greater than ±75 μV were considered to be contaminated by blink artifacts and ignored in 
the analysis. The resultant data were subjected to signal space projection (SSP) [Tesche et al., 1995]. In 
the current study, we focused our analyses on the gradiometer data during the periods of 8 alphabets 
maintenance.  

To evaluate changes in alpha band activity between two sessions, we calculated power spectrum 
density (PSD) with each trial in each channel, and averaged the spectra over trials in a session. We 
then divided the MEG channel arrangements into 5 domains: frontal, right and left temporal, parietal, 
and occipital. In each area, we determined single MEG channel at which the averaged PSD showed the 
peak maximum in alpha band (8–13 Hz) and defined the peak maximum value as alpha wave intensity 
in the corresponding area. The channel position that showed the peak maximum seldom changed for 
the same subject regardless of the inter-session task. Since the MEG channel of maximum alpha band 
activity was always appeared in the occipital domain among all the sessions and subjects, the alpha 
wave intensity in the occipital domain was used for further statistical comparison. The values of alpha 
wave intensity were compared between sessions using paired-t test unless otherwise stated. 

2.3. Source localization of alpha band signals 

We estimated the signal sources of alpha band activity during the maintenance period by using a 
multiple-source estimation method in combination with a genetic algorithm and simulated annealing 
[Ono et al., 2002; Okumura et al., 1995]. The MEG signals, band-passed at 8–13 Hz, were used for the 
estimation. Since the source estimation with every time points in each trial consumes much calculation 
time, we randomly chose 8 trials from each session and extracted data at 3 time points showing the 
alpha band peak for each trial. The number of data sets was sufficient to estimate all the signal sources 
responsible for the alpha band activity, according to our preliminary study [Dowaki et al., 2008]. 
Estimated dipoles with coordinates outside the head and moments not lesser than 15 nAm or more than 
70 nAm were rejected in the analysis. In order to estimate the barycentric position of alpha band 
activity, we employed cluster analysis of all the dipoles estimated in each session. The centers of the 
gravity points of each cluster (2-3 clusters) were superimposed on the anatomical magnetic resonance 
images of the subject. 
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2.4. Behavioral responses 

Responses to the retrieval questions were recorded to PC by Presentation software. The accuracy 
rate and the reaction time were evaluated off-line. Immediately after completion of the second session, 
each subject was asked to evaluate his/her attention level in the first and the second sessions using a 
visual analog rating scale (VAS) ranging from 0 to 5 (0 = lowest concentration, 5 = highest 
concentration). Values between sessions were compared using paired-t test. 
 

 

Figure 1. Schematic illustration of visual Sternberg task and experimental design. a: Single trial of visual 
Sternberg task. b: Subjects performed two sessions of 60 trials continuously and any of three inter-
session tasks of staying still (STAY),gum chewing (GUM), or hand exercise (HAND) for three minutes. 

3. Results 

3.1. Visual WM maintenance induces alpha band activity in occipital area 

We observed strong alpha band activity over parietal, right temporal and occipital areas during 
WM maintenance period (Fig. 2), in line with previous reports [Jokisch et. al., 2007; Tuladhar et. al., 
2007]. The barycentric positions of the alpha band activity were mostly localized in the calcarine 
sulcus and the parietooccipital sulcus (Fig. 3), the brain regions that are generally involved in the 
acquisition of visual WM task.  

3.2. Gum chewing prevents elevation of occipital alpha band activity 

The occipital alpha wave intensity was significantly increased in the second session after STAY 
and HAND tasks (p<0.05, n=11), while that was comparable between sessions when subjects 
performed GUM task (p=0.367, n=11; Fig. 4). The basal alpha wave intensities in the first session 
were comparable regardless of the inter-session tasks (F(2,20)=0.812, p=0.406, n=11; one-way repeated 
measures analysis of variance test). 

3.3. Gum chewing prevents rundown of accuracy rate and concentration level 

Table 1 shows the behavioral performances to the WM sessions. Mean accuracy rate to the 
retrieval questions was significantly decreased in the second session after STAY task (p<0.05, n=11). 
There were tendency of accuracy rate decrease and increase in the second session after HAND and 
GUM tasks, respectively, however they did not reach to the significant level. Mean reaction time were 
not different between sessions regardless of all the inter-session tasks. Concentration level (mean 
VAS) was significantly decreased in the second session after STAY and HAND tasks (p<0.05, n=11), 
while they were maintained comparable between sessions after GUM task (p=0.255, n=11). 
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Figure 2. Representative result of PSD in five brain domains (F: frontal, P: parietal, L: left temporal, R: right 
temporal, O: occipital) during WM maintenance (subject D). In each domain, PSD of maximum peak 
value in the alpha band was selected and shown in the figure. Inset shows the selected MEG channel 
positions (filled circle) among whole channel arrangements. Solid line shows PSD in the 1st session 
and dashed line shows that in the 2nd session at the same channel.  

 

Figure 3. Representative result of source localization 
of occipital alpha band activity (subject B, 
GUM 2nd session). 

 

Figure 4. Changes in occipital alpha wave intensity 
between two sessions of WM task. Asterisks 
indicate statistically significant differences 
between sessions (p<0.05, n=11). 

Table 1. Changes in behavioral performances between two sessions of WM task. Asterisk indicates statistically 
significant differences between sessions (p<0.05, n=11). 

Inter-session 
task 

Mean accuracy rate [%] Mean reaction time [ms] Mean VAS [0-5] 

1st session 2nd session 1st session 2nd session 1st session 2nd session 

STAY 85.1±2.6 80.4±2.8 * 548.9±32 552.7±33 2.9±0.2 2.1±0.4 * 

GUM 83.5±3.2 84.4±3.3 557.8±42 551.4±41 2.7±0.3 3.2±0.3 

HAND 82.1±2.2 79.5±3.3 536.9±35 552.9±38 3.4±0.3 2.6±0.3 * 

4. Discussion 

We found that gum chewing in between WM acquisitions prevents increase of memory 
maintenance-related alpha wave activities and rundown of cognitive performance. Since occipital 
alpha wave intensity indicates memory load, increased alpha wave intensity in the second session after 
STAY and HAND tasks suggests more memory load required for the acquisition of WM trials. Even 
though the numbers of items to memorize (8 alphabets) in WM trials are the same between sessions, 
subjects might need more memory load, or more effort to retain memorized items, in the second 
session to compensate their loss of concentration or fatigue effect in the continuous WM acquisition. 
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The decreased accuracy rate and VAS in the second session after STAY or HAND tasks also indicate 
the rundown of WM performance. However, after GUM task, both alpha wave intensity and behavioral 
performances are kept comparable to those in the first sessions, suggesting smooth WM acquisition 
might be maintained even in the second session. Taken together, these results suggest a possible role of 
gum chewing to prevent loss of concentration and maintain continuous WM acquisition.  

One mechanism that possibly affects this ameliorative effect of gum chewing is the maintenance of 
concentration level via activation of reticular formation arousal centers through masticatory sensory 
input. To determine whether the maintained WM performance is dependent on the arousal level, we 
performed HAND task in between sessions, which also ascends sensory information to the reticular 
formation. The results revealed that HAND task was neither effective in preventing concentration level 
nor in maintaining alpha wave activity (Figure 4, Table 1). Therefore, the increase of memory load and 
rundown of WM performance in the second session after HAND and STAY tasks might be mostly due 
to the fatigue effect of continuous acquisition of WM trials rather than the effect of drowsiness. These 
results also suggest the chewing-specific neural mechanisms that enable long-lasting WM acquisition. 
So far chewing has been reported to enhance learning and memory performance by stimulating 
cerebral glucose delivery [Stephens and Tunney, 2004], further study is needed to elucidate cellular or 
molecular mechanism of chewing-induced enhancement of WM performance. 

In conclusion, gum chewing contributes maintaining WM performance by preventing extra 
memory load with continuous acquisition of WM trials. These results support chewing as a good 
strategy that effectively maintains the cognitive function and memory process. 
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