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Influence of Aroma on Cognitive Function in Normal Subjects
Min Jae Baek, M.S., Kyung Taik Han, P.D.*, Hui Jin Ryu, M.A.', Jung Seok Lee, M.D.,

Clinical Neuroscience Center, Seoul National University Bundang Hospital, Seongnam; Department
of Neurology, Seoul National University College of Medicine, Seoul; Division of Television, Korean
Broadcasting System*, Seoul; Department of Neurology', Konkuk University Hospital, Seoul, Korea

Background: It is well known that odors can induce positive and negative affects, which can
modulate cognition, mood, behavior, and cerebral activity on electrophysiological recording or
neuroimagery. There is, however, little experimental evidence concerning the effectiveness of
odors on general cognitive function. The purpose of the present study was to investigate whether
general cognitive function would be enhanced when people were exposed to odor stimulation.
Methods: Twenty-four undergraduates who had no prior neurological, psychiatric, or otorhino-
laryngological disorders were randomly assigned to two groups. Twelve subjects were assigned
to the experimental group (odors present on examination), and the other twelve were assigned
to the no-odor control group. The odorant used in this experiment was rosemary oil and was
delivered into the atmosphere of the laboratory by an aroma disk diffuser. Cognitive function was
assessed by neuropsychological tests (attention, visual and verbal memory, and frontal lobe
function). Results: The subjects in the experimental group recalled more lists of words in the ver-
bal free recall test and alternated more rapidly when required to shift from category to category
in the Wisconsin Card Sorting Test than the subjects in the control group. Conclusions: Odor
stimulation can enhance memory processing in normal subjects. Further investigation is needed
to aid the discovery of the mechanism of the effectiveness of odor, and how odor stimulation
influences patients with dementia.
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A 27 o,

E3 Rollse 17H] ¥ 9} 74217]3#3ke] Al et =is
ST I FollA ofZulrt 7+ W& (olfactory bulb) S
E3|4 T2 & (olfactory cortex) S A= ths F 714 A

5
25 &84 WA (limbic system) 9} =&o|n}] A (orbitofron-
tal cortex)s @43t ATk SIGITH3]. olH g 7HEE sl
QY FEE AR F Uk & Abge] 93 S
Ts o 7] 259 A (pyriform cortex) & A A7l the,
F 7K AZE ZalA @lnlE A (hippocampal formation) &} &
Zto|nju] @ o] =35 HFeF 42 (lateroposterior quadrant of orbi-
tofrontal cortex) & A3} A7) 2102 Vebgt4], T8,
o] A &gk ajF-eHH 2 ofZmkrt M A (limbic system) S
oty A (orbitofrontal cortex) & A=Al E‘r"’“’} B3
A, ARHOE o}2Zuprt QA 7)Fe of YA FE |EA | o
A AF38A Bk

upEbA, B Ao 242 719 Ao 9] 7183
88 SAAIL HZ, 7718 SA a3} Qloke 22ufe
{1, 5]& o]§3fe, o ofZnpr} AHHCE QA 719Y I
ol E¥E FI, OE QAT E oAue G wAEA
HyA &k

= Atk

77} 1274 A8 (experimental group) # T2 (control
group) &2 FZH9] & (random assignment)3}ITh A+
129 (7 61, o7 69: HFAH: 19502614 Ha A5
Ag: 1317+039) 2 2 129 (FAF 6%, o2k 619 H7S
B 204212944 B TEASF 1350+090) S e E
ARE S, 7 AT 9%, A4, 2595 Aol fN
o &gl o5 AF 93t GAF Eﬂfﬂ Aot flas =
3l7] 918, A8E AAEE] 1579 doll 2838t SHAY

Table 1. The list of 20 words used for verbal memory test

List of words
4 4 53} Aol ERRT A 7
71 ¥ 2 7 8 i = B 1)3)7)
f € A AlFA] Aas < At

H_L‘||:||x|.| . S}Z4EH .

o=

FaT 9 22

vl A B @2 244 Beck &3 %-823H Beck Depression
Inventory)[ 7] Beck E<SFE-823Beck Anxiety Inven-

tory)[8]S AAIgH &, AJol4 7oA AH Korean-Wechsler
Adult Intelligence Scale)[Q]% ANEd 1 A3 F A
AR 2po)7t YAT(AE T 101.83+821, thEF: 10175
£10.10), $3(AEF: 10. 24491, 23 1033+510) 3
B AFE: 11674679, DIZ: 8672709 ggden, T
Ao fo)gk Aolx it AF % P MU E W
< 5 A8tk

T Jed, 7199, AFA 715E Frkeidth F9 H5E
S 7k SlEiA F 7HA AAETE AR AT ddojA
o] H=YS 97187 984 Seoul Neuropsychological Screen-
ing Batterye] A7ACI, digit span?| forward and backward
[10]& ARSHALL, A2 Fo3 58S H7tar] SIsiA We-
chsler Memory Scale-1II edition®] A7A}F] spatial span, for-
ward and backward[11]5 AF-8}%

7199 Zatell= Aol 7198 AR A1ZHY 7198 AAE
AT 2 AFelA AMESE Aol 7198 HAAle v
2k 718 A9 dold 71918 AL = (Korean-California
Verbal Learning Test[12], Seoul Verbal Learning Test[13],
Korean-Auditory Verbal Learning Test[14]) oA AREE T
Je TAE oA 20709 W7 gE =2 A938a,
o] FojES Al ¥ ShFatal, 20 ol Z}‘Wﬁ]”‘ohjr A A
AN Aold 7198 AAL AM-E TolEE Table 13
20 A A8k

AZE 199 Aatelle dA) SElveilA 7 de] AMEE
T Y+ FolE g3 AAHRey Complex Figure Test and Re-
cognition Trial)[15]S AFE3}S)

AFE 3 JA7les Hrkel] flate EAlde] AAL
(Controlled Oral Word Association Test)[16]5 AFE3IA9 Y,
Korean Color-Word Stroop Test[10], $]22FA7=AAH Wis-
consin Card Sorting Test)[17], Symbol Digit Modalities Test

Table 2. The list of words used for the recognition test of verbal
memory test

List of words
AN A48 o), BB, AE, 28, g4, 39, L,
gl (207H) s, v, A7, A9, BA S,
vl 7], &2, Avel, Al AeE, A
AdA=3 WF7t Hel, A9, 3, SASE Thdd, o AL,
7+e oy (1071) A, FUE, b
ARAFT} o) 7w, B, wi7A, B, 29
vk Do (57))
mﬂz}—wr HA7} A, S, 9=, AR A
= FA (57
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Table 3. The order of neuropsychological test [18]& AFE-3FSTh
Order List of neuropsychological test
. 3. MEEA}
1 Verbal memory test (1st, 2nd, 3rd trials)
2 Visuospatial memory test (Rey CFT-copy & immediate recall test)
3 Korean Color-Word Stroop test 1) Maiz
4 Digit span: forward & backward @A olZule 283 WA 8] 98] AAF A% 308
5 Spatial span: forward & backward v el B i
6  Symbol Digit Modalities Test Aol mg 288ty 257t A9e] fAE 5HE dAM 2
7 Verbal memory test (20 minutes-delayed recall & recognition test) Znlg] 82 Yt} olZu} AZ(7}E 56 cm, AE 11.0 cm)
P ecaontemy e asEm el ol = felaol MER B 23 B, YE Lol A 2
9 Wisconsin Card Sorting Test: o £ AY, 22k ¥ 10%ES o=y, e Hre
(RT (sec / trial): total hours/ total trials to complete the test) EX\:}F/] ako] HAA 71tk AAF vlE Ao 22ulE]
e o 1034 B B S A3 80 K o
phonemic (71/o/x) UJE T A} kel wokeh AP =& A 8L oF 5%
Rey CFT, Rey Complex Figure Test; RT, Response Time. e F838] T2 TE T AEE WS 7HeH, e
A F9k AP 225 A4 99 ozel YL ol
Table 4. The results of neuropsychological test (M & SD)
. Control group Experimental group
Neuropsychological test (n=12) (n=12) t P
Attention
Digit span-forward 7.67 (0.65) 8.00 (0.95) -1.00 0.33
backward 5.42 (1.24) 5.33(1.67) 0.14 0.89
Spatial span-forward 5.33(1.23) 5.00 (1.28) 0.65 0.52
backward 4.83(0.58) 4.75(0.75) 0.34 0.76
Verbal memory
Immediate recall -1st trial 7.75(2.05) 9.33(2.23) -1.81 0.08
2nd trial 12.25(2.38) 12.92 (2.35) -0.69 0.50
3rd trial 14.47 (1.99) 15.42 (1.93) -1.56 0.13
total words 34.17 (5.06) 37.67 (5.45) -1.63 0.12
free recall 12.33(2.39) 14.92 (2.31) -2.69 0.01*
recognition 39.58(0.67) 39.00(0.95) 1.74 0.10
Visual memory
Rey CFT- copy 35.25(0.75) 35.42(0.67) -0.57 0.57
immediate recall 25.88(7.03) 26.71(2.99) -0.38 0.71
free recall 26.17 (5.87) 26.83(3.16) -0.35 0.73
recognition 20.58 (2.39) 21.33(1.44) -0.93 0.36
Frontal lobe function
WCST-number of categories completed 6.00 (0.00) 6.00 (0.00) - -
trials to complete first category 16.33 (10.31) 12.83 (3.46) 1.12 0.28
failure to maintain set 0.33(0.49) 0.25(0.62) 0.36 0.72
learning to Learn 0.60(1.61) 0.41(1.45) 0.29 0.77
total trials to complete the test 82.25(11.09) 75.75 (6.65) 1.74 0.10
total hours/total trials (sec/trial) 7.14 (1.09) 5.90 (0.74) 3.25 0.004*
Stroop-letter reading 112 (0.00) 112 (0.00) - -
RT of letter reading (sec) 60.67 (12.94) 58.58 (10.29) 0.44 0.67
color reading 108.50 (6.17) 111.25(1.42) -1.50 0.16
RT of color reading (sec) 98.67 (17.03) 92.00(12.83) 1.08 0.29
SDMT-number of correct 71.92(12.32) 69.67 (11.11) 0.47 0.64
COWAT-animal 17.67 (5.26) 18.33(2.19) -0.41 0.69
supermarket item 18.75 (4.52) 17.67 (4.42) 0.59 0.56
- 11.83 (4.47) 12.00 (3.13) -0.11 0.92
o 11.17 (4.15) 11.75(3.08) -0.39 0.70
A 9.50 (3.42) 11.58 (3.15) -1.55 0.14

*p<0.05. M, Mean; SD, Standard Deviation; Rey CFT, Rey Complex Figure Test; WCST, Wisconsin Card Sorting Test; RT, Response Time; SDMT, Sym-
bol Digit Modalities Test; COWAT, Controlled Oral Word Association Test.
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1st trial 2nd trial 3rd trial delayed recall

Fig. 1. Subjects in experimental group recalled more words than
subjects in control group.
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