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Description

Technical Field

[0001] The present invention relates to a method and
a device for verifying onset of dementia.

Background Art

[0002] Heretofore, a method described in Patent Doc-
ument 1 is known as a method for measuring cognitive
ability of a brain, for example.
[0003] The cognitive ability measurement method de-
scribed in Patent Document 1 is a method described be-
low. First, a deteriorated image in which information for
perceiving a meaningful object (e.g., a horse) is deterio-
rated by performing predetermined processing for an
original image having the object is prepared, and an im-
age display unit displays this deteriorated image for a
predetermined time. Next, a perception time in which the
subject looking at the deteriorated image perceives the
object (perceive that the object is a horse) is measured.
Then, a position of the subject among a subject group is
shown on the basis of the measured perception time, and
perception times previously measured for a large number
of subjects.
[0004] However, in the method of Patent Document 1,
there is a possibility that since a time for perceiving the
object is measured, the perception time cannot be accu-
rately measured depending on the degree of interest or
concern of the subject to the object.
[0005] Specifically, in a case of measuring a perception
time for an object that the subject has little interest or
concern, it cannot be identified whether the perception
time is long on the basis of decline of the cognitive ability
of the brain, or the perception time is long due to originally
visual difficulty for the subject.
[0006] Patent Document 1: Japanese Unexamined
Patent Pablication No. 2006-87743
[0007] J L MOZOLIC ET AL: "Modality-specific selec-
tive attention attenuates multisensory integration", EX-
PERIMENTAL BRAIN RESEARCH, SPRINGER, BER-
LIN, DE, vol. 184, no. 1, 8 August 2007, pages 39-52
discloses a device for detecting dementia by comparing
how selective attention to a single sensory modality (au-
ditory or visual) and divided attention (between auditory
and visual modalities) modulate the integration of seman-
tically matching multisensory stimuli.

Summary of the Invention

[0008] An object of the present invention has been con-
ceived in order to solve the aforementioned problems,
and is to provide a method and a device capable of ob-
taining information for verifying onset of dementia while
suppressing individual differences between subjects.
[0009] In order to solve the problems, the present in-
vention provides a method for verifying onset of dementia

of a subject, this method including: a stimulus provision
step of providing the subject with one of two alternatively
selectable selection items as a stimulus including at least
one of audio information and visual information, a plural-
ity of times; a measurement step of receiving a response
from the subject with respect to the stimulus provided in
the stimulus provision step, and measuring a response
time from the provision of the stimulus to the reception
of the response; an average value computation step of
computing an average value of the response time meas-
ured in the measurement step; a preparation step of pre-
viously preparing reference average values with respect
to a plurality of subjects including a dementia patient and
a person other than the dementia patient, the reference
average values being average values of the response
times to the stimulus provided in the stimulus provision
step; and a comparison step of comparing the average
value of the response times obtained with respect to a
specified subject in the average value computation step
with the reference average values.
[0010] Additionally, the present invention provides a
device for verifying onset of dementia for a subject, which
includes: an information provision unit capable of provid-
ing the subject with one of two alternatively selectable
selection items as a stimulus including at least one of
audio information and visual information; an operation
unit capable of outputting, in accordance with operation
from the subject, a command showing that one of the two
selection items is selected; and a control unit controlling
the information provision unit in order to provide the sub-
ject with the selection item, and analyzes information for
verifying the onset of dementia on the basis of the com-
mand input from the operation unit, wherein the control
unit has: a stimulus provision unit which provides a stim-
ulus showing one of the two selection items through the
information provision unit a plurality of times; a measure-
ment unit which measures a response time from the pro-
vision of the stimulus by the stimulus provision unit to the
reception of the command output from the operation unit;
an average time computation unit which computes an
average value of the response times measured by the
measurement unit; a storage unit which previously stores
reference average values previously prepared with re-
spect to a plurality of subjects including a dementia pa-
tient and a person other than the dementia patient, the
reference average values being average values of the
response times to the stimulus provided by the stimulus
provision unit; and a data creation unit which creates da-
ta, in which the average value of the response times ob-
tained with respect to a specified subject by the average
time computation unit is compared with the reference av-
erage values.
[0011] The present invention can obtain the informa-
tion for verifying the onset of dementia while suppressing
individual differences between subjects.
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Brief Description of the Drawings

[0012]

[Fig. 1] Fig. 1 is a schematic diagram showing a
whole configuration of a device for verifying onset of
dementia according to a first embodiment of the
present invention.
[Fig. 2] Fig. 2 is a block diagram showing an electrical
configuration of a control unit of Fig. 1.
[Fig. 3] Figs. 3 are a set of image diagrams displayed
by the control unig of Fig. 2, in which Fig. 3A shows
an audio selective attention condition, Fig. 3B shows
a visual selective attention condition, and Fig. 3C
shows an audio-visual division attention condition.
[Fig. 4] Fig. 4 is a schematic diagram showing a state
where a visual stimulus is provided by the control
unit of Fig. 2.
[Fig. 5] Fig. 5 is a schematic diagram showing a state
where an audio stimulus is provided by the control
unit of Fig. 2.
[Fig. 6] Fig. 6 is a schematic diagram showing a state
where an audio-visual stimulus is provided by the
control unit of Fig. 2.
[Fig. 7] Fig. 7 is a timing chart showing stimulus pro-
vision timing and stimulus stop timing.
[Fig. 8] Fig. 8 is a graph showing average values
(reference average values) of response times by
group, stored in a storage unit of Fig. 2.
[Fig. 9] Fig. 9 is a table showing existence or non-
existence of significant differences between respec-
tive groups in the average values of the response
times stored in the storage unit of Fig. 2.
[Fig. 10] Fig. 10 is a graph showing percentages of
correct answers (reference percentage of correct an-
swers) by group, stored in the storage unit of Fig. 2.
[Fig. 11] Fig. 11 is a table showing existence or non-
existence of significant differences between respec-
tive groups in the percentages of correct answers
stored in the storage unit of Fig. 2.
[Fig. 12] Fig. 12 is a graph showing cumulative dis-
tribution probabilities obtained on the basis of the
response times in the audio selective attention con-
dition and the visual selective attention condition.
[Fig. 13] Fig. 13 is a schematic diagram for illustrating
a race model.
[Fig. 14] Fig. 14 is a graph showing cumulative dis-
tribution probabilities obtained on the basis of the
response times in the audio-visual division attention
condition.
[Fig. 15] Fig. 15 is a graph showing promoting effect
indexes under the respective conditions, obtained
by using the cumulative distribution probabilities of
Fig. 13 and Fig. 14.
[Fig. 16] Fig. 16 is a graph showing promoting effect
indexes under the audio selective attention condition
for the respective groups, stored in the storage unit
of Fig. 2.

[Fig. 17] Fig. 17 is a graph showing promoting effect
indexes under the visual selective attention condition
for the respective groups, stored in the storage unit
of Fig. 2.
[Fig. 18] Fig. 18 is a graph showing promoting effect
indexes under the audio-visual division attention
condition for the respective groups, stored in the stor-
age unit of Fig. 2.
[Fig. 19] Fig. 19 is a flowchart showing processing
performed by the control unit of Fig. 2.
[Fig. 20] Fig. 20 is a flowchart showing information
collecting processing of Fig. 19.
[Fig. 21] Fig. 21 is a flowchart showing processes of
an audio selective attention condition test of Fig. 20.
[Fig. 22] Fig. 22 is a flowchart showing processes of
a visual selective attention condition test of Fig. 20.
[Fig. 23] Fig. 23 is a flowchart showing processes of
an audio-visual division attention condition test of
Fig. 20.
[Fig. 24] Fig. 24 is a flowchart showing stimulus pro-
vision processing shown in Fig. 21 to Fig. 23.
[Fig. 25] Fig. 25 is a flowchart showing information
analysis processing shown in Fig. 19.
[Fig. 26] Fig. 26 is a schematic diagram showing a
whole configuration of a device for verifying onset of
dementia according to a second embodiment of the
present invention.
[Fig. 27] Fig. 27 is a block diagram showing an elec-
trical configuration of a control unit of Fig. 25.
[Fig. 28] Fig. 28 is an image diagram displayed by
the control unit of Fig. 27.
[Fig. 29] Fig. 29 is a timing chart of a task performed
by the control unit of Fig. 27.
[Fig. 30] Fig. 30 is a schematic diagram showing the
ratio of validity cue stimuli to invalidity cue stimuli
included in cue stimuli in Fig. 29.
[Fig. 31] Fig. 31 is a graph showing reference aver-
age values stored by the control unit of Fig. 27.
[Fig. 32] Fig. 32 is a table showing information of a
subject for which the response times based on the
reference average values of Fig. 31 are measured.
[Fig. 33] Fig. 33 is a flowchart showing information
collecting processing T performed by the control unit
of Fig. 27.
[Fig. 34] Fig. 34 is a flowchart showing response re-
ception processing Z of Fig. 33.
[Fig. 35] Fig. 35 is a flowchart showing information
analysis processing U.
[Fig. 36] Fig. 36 is a schematic diagram showing a
modification of the verification device of Fig. 26.
[Fig. 37] Fig. 37 is a block diagram showing an elec-
trical configuration of the control unit of Fig. 36.
[Fig. 38] Fig. 38 shows activation sites of a brain and
BOLD signal change rates analyzed by the control
unit of Fig. 36, which are measurement results (1/2)
at an interval of 200 ms.
[Fig. 39] Fig. 39 shows the activation sites of the
brain and BOLD signal change rates analyzed by
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the control unit of Fig. 36, which are measurement
results (2/2) at an interval of 200 ms.
[Fig. 40] Fig. 40 shows the activation sites of the
brain and BOLD signal change rates analyzed by
the control unit of Fig. 36, which are measurement
results at an interval of 400 ms.
[Fig. 41] Fig. 41 shows the activation sites of the
brain and BOLD signal change rates analyzed by
the control unit of Fig. 36, which are measurement
results (1/2) at an interval of 800 ms.
[Fig. 42] Fig. 42 shows the activation sites of the
brain and BOLD signal change rates analyzed by
the control unit of Fig. 36, which are measurement
results (2/2) at an interval of 800 ms.
[Fig. 43] Fig. 43 is a flowchart showing a part of in-
formation collecting processing T performed by the
control unit of Fig. 36.
[Fig. 44] Fig. 44 is a flowchart showing information
analysis processing U performed by the control unit
of Fig. 36.

Modes for Carrying Out the Invention

[0013] With reference to the attached drawings, em-
bodiments of the present invention will be hereinafter de-
scribed. The following embodiments are each an embod-
ied example of the present invention, and do not restrict
the technical scope of the present invention.
[0014] Fig. 1 is a schematic diagram showing a whole
configuration of a device for verifying onset of dementia
according to a preferred embodiment of the present in-
vention.
[0015] With reference to Fig. 1, a verification device 1
includes a display (image display device: visual informa-
tion provision unit) 2 capable of providing a subject H
with visual information, a pair of right and left ear pad
units (audio information provision units) 3 of headphones
capable of outputting audio information to the subject H,
a pair of right and left operation units 4 which outputs a
command in accordance with operation from the subject
H, a control unit 5 electrically connected to the display 2,
the ear pad units 3, and the operation units 4.
[0016] The display 2 displays a preset image in accord-
ance with a command from the control unit 5.
[0017] The ear pad units 3 each output preset sound
in accordance with the command from the control unit 5.
Specifically, the ear pad units 3 are configured so as not
only to be able to output sound from both the ear pad
units 3 simultaneously, but also to be able to output sound
from only one of the ear pad units 3.
[0018] The operation units 4 are configured from re-
spective push buttons. Specifically, the operation units 4
can each output, to the control unit 5 in accordance with
push operation from the subject, a command indicating
that the push operation is received.
[0019] Fig. 2 is a block diagram showing an electrical
configuration of the control unit of Fig. *1.
[0020] The control unit 5 controls the image display by

the display 2, and the sound output by the ear pad units
3, and analyzes preset information on the basis of com-
mands from the operation units 4.
[0021] Specifically, the control unit 5 includes an infor-
mation collection unit 6 for collecting information for ver-
ifying the onset of dementia, an information analysis unit
7 which analyzes the information collected by the infor-
mation collection unit 6, a storage unit 8 which stores
information for being compared with the information an-
alyzed by the information analysis unit 7, a screen control
unit 9 which controls the image display by the display 2
in accordance with commands from the information col-
lection unit 6 and the information analysis unit 7, and a
sound output unit 10 which controls, in accordance with
commands from the information collection unit 6 and the
information analysis unit 7, the sound output by the com-
mand ear pad units 3.
[0022] The information collection unit 6 provides at
least one of visual information and audio information
through the display 2 and the ear pad units 3, and re-
ceives a response (command from the operation units 4)
from the subject H in response to this information provi-
sion. Specifically, the information collection unit 6 in-
cludes a test condition selection unit 11 which selects a
test condition, a stimulus provision unit 12 which provides
a stimulus under a condition selected by the test condition
selection unit 11, and a measurement unit 13 which
measures a response time to the stimulus provided by
the stimulus provision unit 12.
[0023] The test condition selection unit 11 selects, as
a test condition, a condition from three kinds of condi-
tions, namely an audio selective attention condition, a
visual selective attention condition, and an audio-visual
division attention condition. The audio selective attention
condition is a condition in which attention is paid only to
information obtained through an auditory sense to re-
spond. The visual selective attention condition is a con-
dition in which attention is paid only to information ob-
tained through a visual sense to respond. The audio-
visual division attention condition is a condition in which
attention is paid only to information obtained through the
auditory sense and the visual sense to respond.
[0024] The test condition selection unit 11 displays a
condition image D1 shown in Fig. 3A on the display 2, in
a case where the audio selective attention condition is
selected as the test condition. The condition image D1
has images showing two ears arranged vertically, and
an image of "+" arranged between these images. The
test condition selection unit 11 displays a condition image
D2 shown in Fig. 3B on the display 2, in a case where
the visual selective attention condition is selected as the
test condition. The condition image D2 has images show-
ing two eyes arranged vertically, and an image of "+"
arranged between these images. The test condition se-
lection unit 11 displays a condition image D3 shown in
Fig. 3C on the display 2, in a case where the audio-visual
division attention condition is selected as the test condi-
tion. The condition image D3 has an image showing an
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ear, and image showing an eye arranged below this im-
age, and an image of "+" arranged between these imag-
es. These condition images D 1 to D3 are displayed on
a center of the display 2, as shown in Fig. 4 to Fig. 6.
[0025] The stimulus provision unit 12 offers the test
condition selected by the test condition selection unit 11
to the subject H, and provides the subject H with three
kinds of stimuli, namely an audio stimulus, a visual stim-
ulus, and an audio-visual stimulus. The audio stimulus
is information provided through the ear pad units 3. The
visual stimulus is information provided through the dis-
play 2. The audio-visual stimulus is information provided
through the ear pad units 3 and the display 2. Hereinafter,
the audio stimulus, the visual stimulus and the audio-
visual stimulus provided by the stimulus provision unit 12
will be described with reference to Fig. 4 to Fig. 6.
[0026] The stimulus provision unit 12 outputs one of
two alternatively selectable selection items from the ear
pad units 3 as the audio stimulus. Specifically, the stim-
ulus provision unit 12 outputs the sound S only from the
left ear pad unit 3, as shown in Fig. 5, or outputs sound
S only from the right ear pad unit 3, as shown in Fig. 6.
That is, in this embodiment, the ’two alternatively selecta-
ble selection items’ are items capable of being selected
either left or right. The sound S has a frequency of 1000
Hz, and sound pressure of 70 dB.
[0027] The stimulus provision unit 12 displays one of
two alternatively selectable selection items as the visual
stimulus on the display 2. Specifically, the stimulus pro-
vision unit 12 displays a stimulus image D4 on a right or
left side of the condition images D 1 to D3, as shown in
Fig. 4 or Fig. 6. The stimulus image D4 is an image formed
by blacking out two squares located diagonally among
four squares formed by dividing a square with segments
connecting midpoints of two pairs of facing sides of the
square.
[0028] The stimulus provision unit 12 outputs one of
the two alternatively selectable selection items from the
ear pad units 3, and displays one of the two alternatively
selectable selections on the display 2, as the audio-visual
stimulus. Specifically, in a case of providing a right stim-
ulus, the stimulus provision unit 12 outputs the sound S
only from the right ear pad unit 3, and displays the stim-
ulus image D4 on the right side of the condition images
D1 to D3 on the display 2, as shown in Fig. 6. On the
other hand, in a case of providing a left stimulus, the
stimulus provision unit 12 outputs the sound S only from
the left ear pad unit 3, and displays the stimulus image
D4 on the left side of the condition images D 1 to D3 on
the display 2. In the audio-visual stimulus, display of the
stimulus image D4 and output of the sound S are contin-
uously performed in the same period.
[0029] The stimulus provision unit 12 provides the
three kinds of stimuli at an interval of a preset response
period a plurality of times. Specifically, the stimulus pro-
vision unit 12 stops providing the stimulus from test start
to a time point Ta (e.g., for five seconds), as shown in
Fig. 7. Next, the stimulus provision unit 12 provides the

stimulus during a preset period (e.g., 150 ms) from the
time point Ta, and stops providing the stimulus at a time
point Tb. A period between the time point Ta and the time
point Tc is the response period (e.g., for 3 to 4 seconds)
of the subject H. Then, the stimulus provision unit 12
provides the stimulus during a period between a time
point Tc and a time point Td, similarly to the period be-
tween the time point Ta and the time point Tb. Thereafter,
the stimulus provision period and the stimulus stop period
are repeated.
[0030] Referring to Fig. 2 again, the measurement unit
13 measures the response time from the start of stimulus
provision to the response of the subject H. Specifically,
in a case of receiving the command from the operation
units 4 from the provision start time point of the stimulus
(e.g., time point Ta of Fig. 7) to the end time point of the
response period (e.g., time point Tb of Fig. 7), the meas-
urement unit 13 measures the response time from the
stimulus provision start time point to command reception
time point.
[0031] The information analysis unit 7 computes infor-
mation necessary for verifying the onset of dementia on
the basis of the response time obtained by the information
collection unit 6, and compares the computed information
with information stored in the storage unit 8.
[0032] Specifically, the information analysis unit 7 in-
cludes an average time computation unit 14 which com-
putes an average value of the response times, a correct
answer percentage computation unit 15 which computes
a percentage of correct answers in the responses from
the subject H, an index computation unit 16 which com-
putes an index of a promoting effect by audio-visual in-
tegration, and a data creation unit 17 which creates data
in which information computed by the respective compu-
tation units 14 and 15 is compared with the information
stored in the storage unit 8.
[0033] The average time computation unit 14 com-
putes average values of the response times for the re-
spective three kinds of stimuli in each of the three kinds
of conditions. Responses obtained by incorrect selection
and responses obtained by operation of the both opera-
tion units 4 in the response periods among responses
from the subject H are excluded from responses for com-
puting the average values. Additionally, the average time
computation unit 14 obtains a standard deviation SD and
an average response time MRT of measurement values
of a plurality of response times to the same stimulus in
the same condition, and excludes a response time RT
falling under the following formula (1) and formula (2)
from the response times for computing the average val-
ues.
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[0034] It is correct selection not to respond to the visual
stimulus in the audio selective attention condition, and
the audio stimulus in the visual selective attention con-
dition. Therefore, the average values of the response
times to the visual stimulus in the audio selective attention
condition, and the audio stimulus in the visual selective
attention condition are not computed.
[0035] Here, the storage unit 8 stores information
shown in Fig. 8 and Fig. 9 for comparison with the average
values computed by the average time computation unit
14. Specifically, the storage unit 8 stores reference av-
erage values being average values of response times
previously computed for a plurality of subjects H belong-
ing to four groups including dementia patients (denoted
by AD), people with mild cognitive impairment (denoted
by MCI), healthy elderly people (denoted by Elderly),
healthy young people (denoted by Young), as shown in
Fig. 8. The respective reference average values have
average values of the response times for the respective
stimuli in the three kinds of conditions. Fig. 8 illustrates
reference average values to the audio stimulus in the
audio selective attention condition. In the reference av-
erage values shown in Fig. 8, the respective average
response times of Young, Elderly, MCI, AD are longer in
this order. As shown by "*" of Fig. 8 and Fig. 9, significant
differences in the reference average value exist between
the respective groups. "***" denotes a case where the
significant difference is shown at P value < 0.001 in the
result of a two way factorial analysis of variance. "**" de-
notes a case where the significant difference is shown
at P value < 0.01 in the result of two way factorial analysis
of variance. "*" denotes a case where the significant dif-
ference is shown at P value < 0.05 in the result of a two
way factorial analysis of variance. In Fig. 9, "Y" means
Young, "E" means Elderly, and "M" means MCI, and "A"
means AD. As shown in Fig. 9, the significant differences
at P value < 0.001 exists between the response times of
the AD patients and the response times of people other
than the AD patients. A test for obtaining the reference
average values of this embodiment is performed with re-
spect to subjects including AD patients of an average
age of 73.6 between the ages of 57 and 83, MCI patients
of an average age of 69.7 between the ages of 55 and
78, Elderly of an average age of 71.5 between the ages
of 67 and 76, and Young of an average age of 22.5 be-
tween the ages of 21 and 25.
[0036] The data creation unit 17 (see Fig. 2) creates
data in which an average value of the response times
computed for the specified subject H is compared with
the average value to the same stimulus in the same con-
dition among the reference average values (see Fig. 8)
stored in the storage unit 8. Specifically, the data creation
unit 17 creates a graph, in which an average value R1
of the response times computed for the specified subject
H is shown on a graph of the reference average values,
as shown in Fig. 8, and displays this graph on the display
2.
[0037] The correct answer percentage computation

unit 15 (see Fig. 2) computes percentages of correct an-
swers for the respective three kinds of stimuli in each of
the three kinds of conditions. The responses obtained by
operation of the both operation units 4 in the response
periods among the responses from the subjects H are
treated as incorrect responses. It is correct selection not
to respond to the visual stimulus in the audio selective
attention condition, and the audio stimulus in the visual
selective attention condition (no positive indication of in-
tention). Therefore, the percentages of correct answers
to the visual stimulus in the audio selective attention con-
dition and the audio stimulus in the visual selective at-
tention condition are not computed.
[0038] Here, the storage unit 8 stores information
shown in Fig. 10 and Fig. 11 for comparison with the
average values computed by the correct answer percent-
age computation unit 15. Specifically, the storage unit 8
stores reference percentages of correct answers being
percentages of correct answers previously computed for
a plurality of subjects H belonging to four groups including
dementia patients (denoted by AD), people with mild cog-
nitive impairment (denoted by MCI), healthy elderly peo-
ple (denoted by Elderly), healthy young people (denoted
by Young), as shown in Fig. 10. The respective reference
average values have percentages of correct answers in
the response times to the respective stimuli in the three
kinds of conditions. Fig. 10 illustrates reference percent-
ages of correct answers to the audio stimulus in the audio
selective attention condition. As shown by "*" mark of
Fig. 10 and Fig. 11, significant differences in the refer-
ence percentage of correct answers exist between the
respective groups. Particularly, as shown in Fig. 11, in
the reference percentages of correct answers, a plurality
of the significant differences exist between the percent-
age of correct answers of the AD patients and the per-
centage of correct answers of the people other than the
AD patients among combinations of the respective stimuli
in the three kinds of conditions.
[0039] The data creation unit 17 (see Fig. 2) creates
data in which a percentage of correct answers computed
for the specified subject H is compared with the percent-
age of correct answers to the same stimulus in the same
condition among the reference percentages of correct
answers stored in the storage unit 8 (see Fig. 10). Spe-
cifically, the data creation unit 17 creates a graph in which
a correct answer percentage R2 computed for the spec-
ified subject H is shown on a graph of the reference per-
centages of correct answers as shown in Fig. 10, and
displays this graph on the display 2.
[0040] Referring to Fig. 2 again, the index computation
unit 16 computes an index of a promoting effect by audio-
visual integration for the specified subject H. Specifically,
the index computation unit 16 computes an audio cumu-
lative distribution probability G1, a visual cumulative dis-
tribution probability G2, a first audio-visual cumulative
distribution probability G3, a second audio-visual cumu-
lative distribution probability G4, an estimate value G5,
a first subtraction value (promoting effect index) G6 (see
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Fig. 15), a second subtraction value (promoting effect
index) G7 (see Fig. 15), as shown in Fig. 12. The audio
cumulative distribution probability G1 is a cumulative dis-
tribution probability of the response times to the audio
stimulus in the audio selective attention condition. The
visual cumulative distribution probability G2 is a cumu-
lative distribution probability of the response times to the
visual stimulus in the visual selective attention condition.
The first audio-visual cumulative distribution probability
G3 is a cumulative distribution probability of the response
times to the audio-visual stimulus in the audio selective
attention condition. The second audio-visual cumulative
distribution probability G4 is a cumulative distribution
probability to the audio-visual stimulus in the visual se-
lective attention condition. The estimate value G5 is com-
puted as an estimate value of the cumulative distribution
probability of the response times to the audio-visual stim-
ulus on the basis of the audio cumulative distribution
probability G1 and the visual cumulative distribution prob-
ability. The first subtraction value G6 is obtained by sub-
tracting the estimate value G5 from the first audio-visual
cumulative distribution probability G3. The second sub-
traction value G7 is obtained by subtracting the estimate
value G5 from the second audio-visual cumulative distri-
bution probability G4.
[0041] Here, the cumulative distribution probability is
shown as a rate of the sum total of data of all measured
response times, which is sorted into each of segments
and exists from the start of the stimulus provision to the
segment, to the total number of the data. The segment
is configured by dividing a period between the start of
the stimulus provision and the end of the response period
into a plurality of equal periods (e.g., 10 ms).
[0042] The estimate value G5 can be computed by us-
ing a race model, as shown in Fig. 13. Here, the race
model is a model for statistically computing the estimate
value G5 being logical sum [P(S1S2)] by subtracting log-
ical product [P(S1) x P(S2)] from sum [P(S1) + P(S2)] of
the audio cumulative distribution probability G1 and the
visual cumulative distribution probability G2.
[0043] The first subtraction value G6 or the second
subtraction value G7 being an index indicating the degree
of the promoting effect by the audio-visual integration is
computed by subtracting the thus computed estimate val-
ue G5 from the first audio-visual cumulative distribution
probability G3 or the second audio-visual cumulative dis-
tribution probability G4. That is, the subtraction values
G6 and G7 are each an index indicating how fast (slow)
a response time in which the audio-visual stimulus is ac-
tually provided is, compared to a response time (estimate
value G5) to the audio-visual stimulus, which is estimated
from the response times in which the audio stimulus and
the visual stimulus are individually provided.
[0044] The index computation unit 16 computes a sub-
traction value (promoting effect index) G12 shown in Fig.
15, on the basis of the response times to the three kinds
of stimuli in the audio-visual division attention condition.
Specifically, the index computation unit 16 computes an

audio cumulative distribution probability G8, a visual cu-
mulative distribution probability G9, an audio-visual cu-
mulative distribution probability G10, an estimate value
G11, and the subtraction value G12 (see Fig. 15), as
shown in Fig. 14. The audio cumulative distribution prob-
ability G8 is a cumulative distribution probability of the
response times to the audio stimulus in the audio-visual
division attention condition. The visual cumulative distri-
bution probability G9 is a cumulative distribution proba-
bility of the response times to the visual stimulus in the
audio-visual division attention condition. The audio-vis-
ual cumulative distribution probability G10 is a cumulative
distribution probability of the response times to the audio-
visual stimulus in the audio-visual division attention con-
dition. The estimate value G11 is computed as an esti-
mate value of the cumulative distribution probability of
the response times to the audio-visual stimulus, by using
the race model on the basis of the audio cumulative dis-
tribution probability G8 and the visual cumulative distri-
bution probability G9. The subtraction value G12 is ob-
tained by subtracting the estimate value G11 from the
audio-visual cumulative distribution probability G10. The
subtraction value G12 is an index indicating the degree
of the promoting effect by the audio-visual integration,
similarly to the respective subtraction values G6 and G7.
[0045] Here, storage unit 8 stores information shown
in Fig. 16 to Fig. 18 for comparison with the respective
subtraction values G6, G7 and G12 computed by the
index computation unit 16. Fig. 16 is a graph showing
subtraction values in the audio selective attention condi-
tion by group. Fig. 17 is a graph showing subtraction val-
ues in the visual selective attention condition by group.
Fig. 18 is a graph showing subtraction values in the audio-
visual division attention condition by group. A chart show-
ing Young of Fig. 16 corresponds to the subtraction value
G6, a chart showing Young of Fig. 17 corresponds to the
subtraction value G7, and a chart showing Young of Fig.
18 corresponds to the subtraction value G12.
[0046] As shown in Fig. 16 to Fig. 18, significant differ-
ences exist between the subtraction values of the respec-
tive groups at least in preset response time ranges. For
example, it is found that the significant difference exists
between the subtraction values of the MCI and Elderly
of Fig. 16 at least in a response time range of about 500
ms. It is found that such a significant difference in the
prescribed temperature range exists between all groups
in all graphs of Fig. 16 to Fig. 18. Accordingly, the group
to which the specified subject H belongs can be deter-
mined by comparing a subtraction value computed for
the specified subject H with the subtraction values shown
in Fig. 16 to Fig. 18 in a response time range where sig-
nificant differences exist. Particularly, distinguishing be-
tween Elderly and CMI patients, which is difficult to be
accurately determined only with the response times de-
scribed above, is enabled by utilizing Fig. 16 to Fig. 18.
[0047] The data creation unit 17 (see Fig. 2) creates
data in which the subtraction value computed for the
specified subject H is compared with the subtraction val-
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ue in the same condition among the subtraction value
shown in Fig. 16 to Fig. 18, stored in the storage unit 8.
For example, the data creation unit 17 creates a graph
in which an average value R3 computed for the specified
subject H is shown on a graph of the subtraction values
of Fig. 18, and displays this graph on the display 2. Ad-
ditionally, data creation unit 17 can also produce a graph
in which the subtraction value computed for the specified
subject H is shown on a graph of the subtraction values
of Fig. 16 and Fig. 17. Moreover, the data creation unit
17 can also display all graphs created on the basis of
Fig. 16 to Fig. 18 on the display 2.
[0048] Hereinafter, processes performed by the con-
trol unit 5 will be described with reference to Fig. 19 to
Fig. 25.
[0049] Fig. 19 is a flowchart showing the main routine
of the processes performed by the control unit 5 of Fig. 2.
[0050] When the control unit 5 starts the process, it is
first determined whether or not information (age, sex,
etc.) of the subject H is input with an input unit (keyboard,
etc.) not shown in the drawing (Step S1). When the sub-
ject information is input (YES in Step S1), this subject
information is stored in the storage unit 8 (Step S2).
[0051] Next, it is determined whether or not a start
switch (not shown) is turned on (Step S3). When the start
switch is turned on (YES in Step S3), information collect-
ing processing T is performed. The information collected
in the information collecting processing T is analyzed in
following information analysis processing U. The infor-
mation analyzed by the information analysis processing
U is displayed on the display 2 (Step S4), and the process
is terminated.
[0052] Fig. 20 is a flowchart showing information col-
lecting processing of Fig. 19.
[0053] When the information collecting processing T
starts, sequence of the three kinds of conditions, namely
the audio selective attention condition, the visual selec-
tive attention condition, and the audio-visual division at-
tention condition are decided, and stored in the storage
unit 8 (Step T1). That is, in this embodiment, tests for
providing stimuli in all of the three kinds of conditions are
performed.
[0054] Next test condition is retrieved from the storage
unit 8, and a test counter is increased by 1 (Step T2:
selection step). Here, the test counter is a counter count-
ing increased numbers every time one condition among
the three kinds of conditions is selected.
[0055] It is determined whether or not the retrieved
condition is the audio selective attention condition (Step
T3). When determining that the retrieved condition is the
audio selective attention condition (YES in Step T3), an
audio selective attention condition test V is performed,
and Step T4 is thereafter performed.
[0056] On the other hand, when determining that the
retrieved condition is not the audio selective attention
condition in Step T3, it is determined whether or not the
retrieved condition is the visual selective attention con-
dition (Step T4). When determining that the retrieved con-

dition is the visual selective attention condition in this
Step T4, a visual selective attention condition test W is
performed, and Step T5 is thereafter performed. On the
other hand, when determining that the retrieved condition
is not the visual selective attention condition in Step T4,
it is determined whether or not the retrieved condition is
the audio-visual division attention condition (Step T5).
[0057] When determining that the retrieved condition
is the audio-visual division attention condition in Step T5,
an audio-visual division attention condition test X is per-
formed, and Step T6 is thereafter performed. On the other
hand, when determining that the retrieved condition is
not the audio-visual division attention condition in Step
T5, it is determined whether or not the test counter is 3
(Step T6). That is, in Step T6, it is determined whether
or not the tests under all the three kinds of conditions are
terminated.
[0058] When determining that the test counter is not 3
in Step T6, Step T2 is repeatedly performed. On the other
hand, when determining that the test counter is 3, the
test counter is reset to 0, and the process is returned to
the main routine of Fig. 19.
[0059] Fig. 21 is a flowchart showing processes of the
audio selective attention condition test of Fig. 20.
[0060] When the audio selective attention condition
test V starts, an explanation screen regarding a test meth-
od is displayed (Step V1). This explanation screen in-
cludes the following information (1) to (3).
[0061]

(1) Pay attention only to information obtained
through an auditory sense to respond in this test.
(2) Operate the right operation unit 4 when hearing
the sound S from the right ear pad unit 3, and operate
the left operation unit 4 when hearing the sound S
from the left ear pad unit 3.
(3) Operate both of the operation units 4 when un-
derstanding (1) and (2).

[0062] Next, it is determined whether or not input indi-
cating that the explanation screen is understood is made
by the operation units 4 (Step V2). When determining
that the input is made, a session counter is increased by
1 (Step V3). Here, the session counter counts the number
of times that a stimulus provision processing Y, described
later, is performed.
[0063] Then, the explanation screen is hidden, and the
condition image D1 for audio selection (see Fig. 2A) is
displayed on the display 2 (Step V4: offer step), and the
stimulus provision processing Y is performed.
[0064] When the stimulus provision processing Y is ter-
minated, it is determined whether or not the session coun-
ter is 3 (Step V5). That is, in Step V5, it is determined
whether or not the stimulus provision processing Y is
performed three times.
[0065] When determining that the session counter is
not 3 in Step V5, the condition image D1 for audio selec-
tion is hidden, and information that a test is restart after
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the preset period is displayed (Step V6). In Step V6, a
stimulus frequency counter, described later is reset to 0.
Then, the process stands by until the preset period elaps-
es (Step V7). When determining that the preset time has
elapsed in Step V7, Step V3 is repeatedly performed.
[0066] On the other hand, when determining that the
session counter is 3 in Step V5, the session counter, and
the stimulus frequency counter, described later, are reset
to 0 (Step V8). Then, the condition image D1 for audio
selection is hidden (Step V9), and the process is returned
to the process of Fig. 20.
[0067] The stimulus provision processing Y of Fig. 21
will be described with reference to Fig. 24.
[0068] When the stimulus provision processing Y
starts, a stimulus output pattern is decided and stored in
the storage unit 8 (Step Y1). Here, the stimulus output
pattern is a pattern including 24 audio stimulus times, 24
visual stimulus times, and 24 audio-visual stimulus times.
The sequence of the stimuli included in the stimulus out-
put pattern is random.
[0069] Next stimulus is retrieved from the storage unit
8 (Step Y2), it is determined whether or not the retrieved
stimulus is the audio stimulus (Step Y3).
[0070] When determining that the retrieved stimulus is
the audio stimulus in Step Y3, the audio stimulus is output
for the preset period (e.g., 150 ms) and stopped (Step
Y4: stimulus provision step), and Step Y5 is thereafter
performed. On the other hand, when determining that the
retrieved stimulus is not the audio stimulus in Step Y3, it
is determined whether or not the retrieved stimulus is the
visual stimulus (Step Y5).
[0071] When determining that the retrieved stimulus is
the visual stimulus in Step Y5, the visual stimulus is out-
put for the preset period (e.g., 150 ms) and stopped (Step
Y6: stimulus provision step), and Step Y7 is thereafter
performed. On the other hand, when determining that the
retrieved stimulus is not the visual stimulus in Step Y5,
it is determined whether or not the retrieved stimulus is
the audio-visual stimulus (Step Y7).
[0072] When determining that the retrieved stimulus is
the audio-visual stimulus in Step Y7, the audio-visual
stimulus is output for the preset period (e.g., 150 ms) and
stopped (Step Y8: stimulus provision step), and Step Y9
is thereafter performed. On the other hand, when deter-
mining that the retrieved stimulus is not the audio-visual
stimulus in Step Y7, it is determined whether or not re-
sponse input by the operation unit 4 is made (Step Y9).
[0073] When determining that the response input is
made in Step Y9, the response time and response con-
tents are stored in the storage unit 8 (Step Y10: meas-
urement step), the frequency counter is increased by 1
(Step Y13).
[0074] On the other hand, when determining that the
response input is not made in Step Y9, it is determined
whether or not the preset period is stopped from the stim-
ulus stop, that is, whether or not the response period
expires (Step Y11). When determining that the response
period expires in Step Y 11, the storage unit 8 stores

information indicating that response to the stimulus is
invalidity (Step Y12), and the frequency counter is in-
creased by 1.
[0075] Then, it is determined whether or not the fre-
quency counter is 72 (Step Y14). When determining that
the frequency counter is not 72 in Step Y14, Step Y2 is
repeatedly performed. On the other hand, when deter-
mining that the frequency counter is 72 in Step Y14, the
process is returned to the process of Fig. 21.
[0076] The contents of processes of the visual selec-
tive attention condition test of Fig. 20 will be described
with reference to Fig. 22. Processes of Fig. 22 similar to
the processes of the audio selective attention condition
test of Fig. 21 are denoted by the same reference nu-
merals, and description thereof will be omitted.
[0077] With reference with Fig. 22, when the visual se-
lective attention condition test W is performed, an expla-
nation screen regarding a test method is displayed (Step
W1). This explanation screen includes the following in-
formation (1) to (3).
[0078]

(1) Pay attention only to information obtained
through a visual sense to respond in this test.
(2) Operate the right operation unit 4 when the stim-
ulus image D4 is displayed on the right side of the
display 2, and operate the left operation unit 4 when
the stimulus image D4 is displayed on the left side
of the display 2.
(3) Operate both of the operation units 4 when un-
derstanding (1) and (2).

[0079] Next, after Step V2 and V3 are sequentially per-
formed, the explanation screen is hidden, and the con-
dition image D2 for visual selection (see Fig. 2B) is dis-
played on the display 2 (Step W4: offer step).
[0080] When determining that the session counter is
not 3 in Step V5, the condition image D2 for visual se-
lection is hidden, and information that a test is restart
after the prescribed period is displayed (Step W6). In
Step W6, reset of the frequency counter to 0 is also per-
formed.
[0081] Then, after Step V8, the condition image D2 for
visual selection is hidden (Step W9), the process is re-
turned to the process of Fig. 20.
[0082] The contents of processes of the audio-visual
division attention condition test X of Fig. 20 will be de-
scribed with reference to Fig. 23. Processes of Fig. 23
similar to the processes of the audio selective attention
condition test V of Fig. 21 are denoted by the same ref-
erence numerals, and description thereof will be omitted.
[0083] With reference to Fig. 23, when the audio-visual
division attention condition test X is performed, an expla-
nation screen regarding a test method is displayed (Step
X1). This explanation screen includes the following infor-
mation (1) to (4).
[0084]
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(1) Pay attention only to information obtained
through visual and auditory senses to response in
this test.
(2) Operate the right operation unit 4 when hearing
the sound S from the right ear pad unit 3 and when
the stimulus image D4 is displayed on the right side
of the display 2.
(3) Operate the left operation unit 4 when hearing
the sound S from the left ear pad unit 3 and when
the stimulus image D4 is displayed on the left side
of the display 2.
(4) Operate both ot the operation units 4 when un-
derstanding (1) and (2).

[0085] Next, after Step V2 and V3 are sequentially per-
formed, the explanation screen is hidden, and the audio-
visual condition image D3 (see Fig. 2C) is displayed on
the display 2 (Step X4: offer step).
[0086] When determining that the session counter is
not 3 in Step V5, the audio-visual condition image D3 is
hidden, and information that a test is restart after the pre-
scribed period is displayed (Step X6). In Step X6, reset
of the frequency counter to 0 is also performed.
[0087] Then, after Step V8, the audio-visual condition
image D3 is hidden (Step X9), the process is returned to
the process of Fig. 20.
[0088] With reference to Fig. 25, the information anal-
ysis processing U of Fig. 19 will be described.
[0089] When performing the information analysis
processing U, it is determined whether responses from
the subject H are correct or not (Step U1), an average
value of response times is computed to stored in the stor-
age unit 8 (Step U2: average value computation step).
Then, the data (e.g., Fig. 8), in which the average value
of the response times computed in Step U2 is compared
with the reference average values (Fig. 8 and Fig. 9)
stored in the storage unit 8 in a preparation step previ-
ously performed, is created, and stored in the storage
unit 8 (Step U3: comparison step).
[0090] A percentage of correct answers in the respons-
es from the subject H is computed (Step U4: correct an-
swer percentage computation step). Then, the data (e.g.,
Fig. 10), in which the percentage of correct answers com-
puted in Step U4 is compared with the reference percent-
ages of correct answers (Fig. 10 and Fig. 11) stored in
the storage unit 8 in the preparation step previously per-
formed, is created, and stored in the storage unit 8 (Step
U5: comparison step).
[0091] Next, the cumulative distribution probabilities G
1 to G4, and G8 to G10 (see Fig. 12 and Fig. 14) are
computed on the basis of the response times measured
for the subject H, and stored in the storage unit 8 (Step
U6). The estimate values G5 and G11 (see Fig. 12 and
Fig. 14) are computed on the basis of the cumulative
distribution probabilities G1, G2, G8 and G9 computed
in Step U6, and stored in the storage unit 8 (Step U7).
The subtraction values G6, G7 and G12 (see Fig..15) are
computed on the basis of the estimate values G5 and

G11 computed in Step U7, and cumulative distribution
probabilities G3, G4 and G10, and stored in the storage
unit 8 (Step U8: first and second indexes computation
step). The comparison data (e.g., Fig. 18), in which the
subtraction values G6, G7 and G12 computed in Step
U8 are compared with the subtraction values (Fig. 16 to
Fig. 18) stored in the storage unit 8 in the preparation
step previously performed, is created, and stored in the
storage unit 8 (Step U9: comparison step).
[0092] As described above, according to the embodi-
ment, the average values (Fig. 8 and Fig. 9) of the re-
sponse times previously stored for the plurality of sub-
jects H including AD patients is compared with the aver-
age value of the response times obtained for the specified
subject H, thereby enabling the onset of dementia for the
specified subject H to be verified.
[0093] Specifically, the significant differences exist be-
tween the average values of the response times of the
AD patients and people other than the AD patients, as
shown in Fig. 9, and hence the previously stored average
values of the response times are compared with the av-
erage value computed for the specified subject H as in
the embodiment, thereby enabling the onset of AD to be
verified.
[0094] Particularly, in the embodiment, the subject H
is required to select one of the two alternatively selectable
selection items (right or left), and hence a plurality of sub-
jects can respond at relatively even speed regardless of
interest or concern to the provided information, unlike a
conventional case where a meaningful object is speci-
fied.
[0095] Accordingly, according to the embodiment, in-
formation (response times) for verifying the onset of de-
mentia can be obtained while suppressing individual dif-
ferences between the subjects H.
[0096] Additionally, as in the embodiment, it is possible
to distinguish between MCI patients and healthy elderly
people by comparing the values (see Fig. 15) previously
prepared, which are the subtraction values as indexes
indicating the degrees of the promoting effects by the
audio-visual integration, with the values (Fig. 16 to Fig.
18) computed for the specified subject H. Specifically,
the promoting effect by the audio-visual integration has
a property of showing an higher effect with increase in
person ages, and reducing with reduction in brain func-
tions, and hence it is possible to distinguish between the
healthy elderly people and the MCI patients by compar-
ison of the promoting effects.
[0097] Furthermore, according to the embodiment, the
previously prepared reference percentages of correct an-
swers (Fig. 10 and Fig. 11) are compared with the per-
centage of correct answers computed for the specified
subject H by utilizing the property (see Fig. 11) of the
percentage of correct answers, in which the significant
differences are found between the AD patients and peo-
ple other than the AD patients, thereby enabling the onset
of AD to be verified.
[0098] In the embodiment, the data (Fig. 8, Fig. 10 and
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Fig. 18), in which the values measured for the specified
subject H is compared with the values stored in the stor-
age unit 8, is displayed on the display 2. Accordingly, a
healthcare worker who sees the display 2 can determine
the onset of dementia.
[0099] In the embodiment, as shown in Fig. 3, the con-
dition image D1 showing the audio selective attention
condition, the condition image D2 showing the visual se-
lective attention condition, or the condition image D3
showing the audio-visual division attention condition are
displayed. Accordingly, the subject H can visually recog-
nize which condition is selected among the three kinds
of conditions.
[0100] The verification device 1 according to the em-
bodiment displays the data (Fig. 8, Fig. 10 and Fig. 18),
in which the values measured for the specified subject
H is compared with the values stored in the storage unit
8 on the display 2, but is not limited to this. The verification
device 1 may determine which group (AD, CMI, Elderly
or Young) the specified subject H belongs to, and the
determination result may be displayed on the display 2.
[0101] Specifically, a threshold value for differentiating
the average values of the response times of the AD pa-
tients from the average values of the response times of
the people other than the AD patients can be previously
prepared on the basis of the average values of the re-
sponse times (see Fig. 9) stored in the storage unit 8,
and be stored in the storage unit 8. Then, the data cre-
ation unit 17 can determine whether or not the specified
subject H is an AD patient by comparing the average
value of the response times computed for the specified
subject H with the threshold value, and display the de-
termination result on the display 2.
[0102] While an example of preparing the threshold
value of the response time has been explained, the
threshold value of the percentage of correct answers can
also be prepared on the basis of the percentages of cor-
rect answers shown in Fig. 11. Consequently, the data
creation unit 17 determines whether or not the specified
subject H is an AD patient, and displays the result on the
display 2.
[0103] Additionally, it is possible to previously prepare
threshold values for differentiating the subtraction values
of the four groups, namely, AD, MCI, Elderly and Young
on the basis of the subtraction values (Fig. 16 to Fig. 18)
which are promoting effect indexes and stored in the stor-
age unit 8, and to store these threshold values in the
storage unit 8. Then, the data creation unit 17 can deter-
mine which group the specified subject H belongs to
among the four groups by comparing the subtraction val-
ue computed for the specified subject H with the threshold
values, and display the determination result on the dis-
play 2.
[0104] The determination as to which group the spec-
ified subject H belongs to, can be made by utilizing not
only one of Fig. 16 to Fig. 18 but also all of Fig. 16 to Fig.
18. Specifically, three determination results can be ob-
tained by comparing the three subtraction values in the

three kinds of conditions, measured for the specified sub-
ject H, with the respective set threshold values of Fig. 16
to Fig. 18. That is, the determination result obtained by
comparing the subtraction value in the audio selective
condition with the threshold value can be obtained by
comparison using Fig. 16. Additionally, the determination
result obtained by comparing the subtraction value in the
visual selective condition with the threshold value can be
obtained by comparison using Fig. 17. Furthermore, the
determination result obtained by comparing the subtrac-
tion value in the audio-visual division attention condition
with the threshold value can be obtained by comparison
using Fig. 18. Consequently, the group to which the sub-
ject H belongs and the possibility thereof can be deter-
mined on the basis of these three determination results.
[0105] Hereinafter, a device 21 for verifying onset of
dementia according to a second embodiment of the
present invention will be described with reference to Fig.
26 to Fig. 35. Configurations identical with those of the
first embodiment will be denoted by the same reference
numerals, and description thereof will be omitted.
[0106] With reference to Fig. 26, the verification device
21 includes the display (image display device: visual in-
formation provision unit) 2, an operation unit 24 output-
ting a command in accordance with operation from a sub-
ject H, and a control unit 25 electrically connected to the
display 2 and the operation unit 24.
[0107] The operation unit 24 has a pair of right and left
operation buttons. While the operation unit 24 outputs an
electric signal indicating a response of "right" by pressing
the right button, the operation unit 24 outputs an electric
signal indicating a response of "left" by pressing the left
button. The operation unit 24 may be replaced by, for
example, a mouse being an input interface of a personal
computer.
[0108] With reference to Fig. 27, the control unit 25
includes an information collection unit 26 for collecting
information for verifying existence or non-existence of
dementia, an information analysis unit 27 which analyzes
the information collected by the information collection unit
26, a storage unit 8 which stores information compared
with the information analyzed by the information analysis
unit 27, a screen control unit 9 which controls the image
display by the display 2 in accordance with commands
from the information collection unit 26 and the information
analysis unit 27.
[0109] The information collection unit 26 provides vis-
ual information through the display 2, and receives a re-
sponse (command from the operation unit 24) from the
subject H to this information provision. Specifically, the
information collection unit 26 includes the stimulus pro-
vision unit 12, and the measurement unit 13.
[0110] The stimulus provision unit 12 provides the sub-
ject H with a visual stimulus through the display 2. Spe-
cifically, the stimulus provision unit 12 provides the sub-
ject H with tasks shown in Fig. 28 at intervals Ti between
the tasks a plurality of times appropriately, as shown in
Fig. 29.
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[0111] More specifically, the stimulus provision unit 12
performs the tasks shown in Fig. 28 with respect to the
one subject H 90 times. In this embodiment, the intervals
of periods Ti (3000 ms) are randomly inserted between
the respective tasks, as shown in Fig. 29. The interval is
inserted 30 times while the tasks are performed 90 times.
Therefore, in this embodiment, a case where the interval
is provided between the continuous two tasks, and a case
where no interval is provided between the continuous
two tasks exist.
[0112] The time required for each task is 3000 ms, as
shown in Fig. 28. As a result, a test time Ttotal for each
subject H is 6 min.
[0113] Specifically, the task includes a background pe-
riod (1000 ms), a cue stimulus period (200 ms), an inter-
val period (200 ms, 400 ms, 800 ms), a target stimulus
period (100 ms), and a background period (1500 ms,
1300 ms, 900 ms) in this order. When the interval period
is 200 ms, the following background period is 1500 ms.
When the interval period is 400 ms, the following back-
ground period is 1300 ms. When the interval period is
800 ms, the following background period is 900 ms.
Among the total number of the performed tasks (90
times), 1/3 of the tasks have an interval period of 200
ms, 1/3 of the tasks have an interval period of 400 ms,
1/3 of the tasks have an interval period of 800 ms. The
sequence of the respective interval periods is randomly
set.
[0114] In the background period, the stimulus provision
unit 12 displays only a background image D5. The back-
ground image D5 has a pair of square images arranged
left and right at an interval therebetween, and a "+" image
arranged between these square images. In the cue stim-
ulus period, the stimulus provision unit 12 displays a cue
image (cue stimulus) D61 or a cue image (cue stimulus)
D62 on the "+" image of the background image D5. The
cue image D61 is a right-pointing arrow, and the cue im-
age D62 is a left-pointing arrow. In the interval period,
the stimulus provision unit 12 displays only the back-
ground image D5. In the target period, the stimulus pro-
vision unit 12 displays a target image (target stimulus)
D71 or a target image (target stimulus) D72 in addition
to the background image D5. The target image D71 is
an "x" image displayed inside the right square image of
the background image D5. The target image D72 is an
"x" image displayed inside the left square image of the
background image D5. That is, the target image D71 re-
quires the response of "right" to the subject H, the target
image D72 requires the response of "left" to the subject H.
[0115] Furthermore, the stimulus provision unit 12 dis-
plays the cue images D61 and D62, and the target images
D71 and D72 in accordance with a first combination Ta1
or a second combination Ta2 shown in Fig. 30. The first
combination Ta1 is a combination in which pointing di-
rections of the cue images D61 and D62 match positions
of the target images D71 and D72. In Fig. 30, while the
combination of the left-pointing cue image D62 and the
target image D72 located left is disclosed, the first com-

bination Ta1 also includes a combination of the right-
pointing cue image D61 and the image D71 located right.
The second combination Ta2 is a combination in which
the pointing directions of the cue images D61 and D62
are opposite to the positions of the target images D71
and D72. In Fig. 30, while the combination of the left-
pointing cue image D62 and the target image D71 located
right are disclosed, the second combination Ta2 also in-
cludes a combination of the right-pointing cue image D61
and the image D72 located left. Among the tasks per-
formed for each subject H a plurality of times (90 times
in this embodiment), 90% (81 times in this embodiment)
of the tasks have the first combinations Ta1, and 10% (9
times in this embodiment) of the tasks have the second
combinations Ta2. The cue images D61 and D62 includ-
ed in the first combination Ta1 each correspond to a va-
lidity cue stimulus, and the cue images D61 and D62
included in the second combination Ta2 each correspond
to an invalidity cue stimulus.
[0116] Referring to Fig. 2 again, the measurement unit
13 measures a response time between display start of
the target images D71 and D72 and completion of re-
sponse by the subject H.
[0117] The information analysis unit 27 computes in-
formation necessary for verifying onset of dementia on
the basis of the response times obtained by the informa-
tion collection unit 26, and compares the computed in-
formation with information stored in the storage unit 8.
[0118] Specifically, information analysis unit 27 in-
cludes an average time computation unit 14 which com-
putes an average value of the response times, a correct
answer percentage computation unit 15 which computes
a percentage of correct answers in the responses from
the subject H, and a data creation unit 17 which creates
data in which information computed by the respective
computation units 14 and 15 is compared with the infor-
mation stored in the storage unit 8.
[0119] The average time computation unit 14 com-
putes the average value of the response times for each
of interval periods 200 ms, 400 ms and 800 ms between
the cue images D61 and D62 and the target images D71
and D72. Specifically, the average time computation unit
14 excludes the following [1] to [3] when computing the
average value of the response times.
[0120]

[1] A subject, whose percentage of correct answers
is equal to or more than 70%, the percentage of cor-
rect answers being computed by the correct answer
percentage computation unit described later.
[2] A response time for the second combination Ta2.
[3] An incorrect response (including a case where
the both buttons of the operation unit 24 are operat-
ed).

[0121] Additionally, the average time computation unit
14 can exclude a response time falling under formula (1)
and formula (2) from the response times for computing
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the average values, similarly to the embodiment.
[0122] Here, the storage unit 8 stores information
shown in Fig. 31 for comparison with the average values
computed by the average time computation unit 14. Spe-
cifically, the storage unit 8 stores reference average val-
ues being average values of response times previously
computed for a plurality of subjects H belonging to two
groups including dementia patients (denoted by AD) and
healthy elderly people (denoted by EC (Elderly Control))
(preparation step), as shown in Fig. 31. The reference
average values are computed by the average time com-
putation unit 14. Additionally, the reference average val-
ues are computed for respective intervals between the
cue images D61 and D62 and the target images D71 and
D72 (cue-target intervals) of 200 ms, 400 ms and 800
ms. Respective significant differences exist between AD
200 ms and EC 200 ms, between AD 400 ms and EC
400 ms, and between AD 800 ms and EC 800 ms at P
value < 0.05. Furthermore, respective significant differ-
ences exist between AD 200 ms and EC 200 ms, and
between AD 400 ms and EC 400 ms, also at P value <
0.001.
[0123] It is considered that the reason why the signif-
icant difference thus exists is "attention" paid when a hu-
man visually collects information from outside. Specifi-
cally, the "attention" includes passive attention which is
paid when reflexively turning attention to sudden change
of an uncontemplated stimulus, and active attention
which is paid when consciously turning attention to a cer-
tain position. Here, in the embodiment, the active atten-
tion of the subject H is paid by instructing one of two
alternatively selectable selection items by the cue images
D61 and D62. It is considered that people other than the
dementia patients have higher ability for introducing an
item indicated by the target stimulus with this active at-
tention paid than dementia patients, and hence the sig-
nificant difference exists.
[0124] The reference average values shown in Fig. 31
are computed for the subjects H shown in Fig. 32. Here,
a CDR score is abbreviation of a Clinical Dementia Rating
score. An MMSE score is abbreviation of a Mini-Mental
State Examination score. These CDR score and MMSE
score are each an index of providing an indication of the
degree of dementia.
[0125] The data creation unit 17 (see Fig. 2) creates
data in which the average value of the response times
computed for the specified subject H is compared with
the reference average values (see Fig. 31) stored in the
storage unit 8. Specifically, as shown in Fig. 31, the data
creation unit 17 creates a graph in which average values
R4 to R6 of the response times computed for the specified
subjects H are shown on a graph of the reference average
values, and displays this graph on the display 2. The
average value R4 is an average value of response times
of a cue-target interval of 200 ms. The average value R5
is an average value of response times of a cue-target
interval of 400 ms. The average value R6 is an average
value of response times of a cue-target interval of 800 ms.

[0126] The correct answer percentage computation
unit 15 (see Fig. 2) computes a percentage of correct
answers for each of the cue-target interval period. The
percentages of correct answers computed by the correct
answer percentage computation unit 15 are used when
the average time computation unit 14 computes the av-
erage values and the reference average values.
[0127] Hereinafter, processes performed by the con-
trol unit 25 will be described with reference to Fig. 19,
Fig. 33 to Fig. 35.
[0128] Main routine performed by the control unit 25 is
similar to that shown in Fig. 19. In this embodiment, the
contents of information collecting processing T and in-
formation analysis processing U in Fig. 19 are different
from those of the embodiment. Accordingly, the informa-
tion collecting processing T and the information analysis
processing U according to this embodiment will be de-
scribed.
[0129] With reference to Fig. 33, when the information
collecting processing T starts, the combination of the
tasks is decided (Step T11). Specifically, in Step T11, it
is determined that the sequence of the tasks performed
at 90 times, timing for insertion of the intervals between
the respective tasks is decided. The combination of the
tasks may be previously stored in the storage unit 8 and
retrieved from the storage unit 8 in the Step T11.
[0130] As shown in Fig. 28, the background image D5
is displayed on the display 2 (Step T12), and a task coun-
ter is increased by 1 (Step T13). Then, it is determined
whether or not a standby time preset as the display time
of the background image D5 has arrived (Step T14).
When determining that the standby time has arrived, the
cue image D61 or D62 is displayed in addition to the
background image D5 (Step T15: stimulus provision
step).
[0131] When displaying the cue image D61 or D62, it
is determined whether or not a cue display time limit pre-
set as the display time has arrived (Step T16). The back-
ground image D5 and the cue image D61 or D62 are
displayed until the cue display time limit arrives (during
NO in Step T16). On the other hand, when the cue display
time limit has arrived (YES in Step T16), the cue image
is hidden (Step T17).
[0132] Then, it is determined whether or not a cue-
target interval time limit has arrived (Step T18). That is,
only the background image D5 is displayed within the
interval time limit, and when determining that the interval
time limit has arrived, response reception processing Z
is performed.
[0133] As shown in Fig. 34, when the response recep-
tion processing Z is performed, the target image D71 or
D72 is displayed in addition to the background image D5
(Step Z1: stimulus provision step).
[0134] When the target image D71 or D72 is displayed,
it is determined whether or not a response to the target
image D71 or D72 by the subject H is input (Step Z2).
Here, when determining that the response is input, the
response time and the response contents (right or left)
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are stored (Step Z4: measurement step), the target im-
age D71 or D72 is hidden, and the process is returned
to the process of Fig. 33.
[0135] On the other hand, when determining that the
response is not input in Step Z2, it is determined whether
or not a display time limit preset as a display time of the
target images D71 and D72 has arrived (Step Z5). Here,
when determining that the display time limit has not ar-
rived, Step Z1 is repeatedly performed. On the other
hand, when determining that the display time limit has
arrived, the target images D71 and D72 are hidden (Step
Z6).
[0136] Then, it is determined whether or not a response
time limit preset as a time for the response of the subject
H from display start of the target images D71 and D72
has arrived (Step Z7). Here, when determining that the
response time limit has not arrived, Step Z2 is repeatedly
performed. On the other hand, when determining that the
response time limit has arrived, information that the re-
sponse by the subject H is invalidity is stored, the process
is returned to the process of Fig. 33.
[0137] With reference to Fig. 33, when response re-
ception processing is terminated, it is determined wheth-
er or not a time limit (standby time limit) of a background
period after elapse of the target stimulus period shown
in Fig. 28 has arrived (Step T19).
[0138] When the standby time limit has arrived in Step
T19, it is determined whether or not the interval between
the tasks, denoted by symbol Ti in Fig. 29, exists (Step
T20). Here, when determining that the interval does not
exist, Step T22 is performed. On the other hand, when
determining that the interval exists, the arrival of the time
limit is awaited (Step T21), and Step T22 is performed.
[0139] In Step T22, it is determined whether or not the
task counter is 90. Here, when determining that the task
counter is not 90 (NO in Step T22), the Step T13 is per-
formed. On the other hand, when determining that the
task counter is 90, the process is returned to the main
routine shown in Fig. 19.
[0140] With reference to Fig. 35, when the information
analysis processing U is performed, it is determined
whether or not the responses from the subject H are cor-
rect, and the determination results are stored in the stor-
age unit 8 (Step U11), and a percentage of correct an-
swers is computed and stored in the storage unit 8 (Step
U12).
[0141] Then, the average value of the response times
is computed and stored in the storage unit 8 (Step U13:
average value computation step).
[0142] Comparison data shown in Fig. 31, in which the
average value computed in Step U13 is compared with
the reference average values stored in the storage unit
8, is created (Step U14: comparison step), and the proc-
ess is returned to the main routine shown in Fig. 19. Spe-
cifically, in Step U14, the comparison data, in which the
average values R4 to R6 of the response times of the
subject H measured at this time is superimposed on the
graph of the reference average values shown in Fig. 31,

is created. This comparison data is displayed on the dis-
play 2 in Step S4 of Fig. 19. Therefore, a doctor seeing
this comparison data can determine the onset of demen-
tia for the subject H.
[0143] As described above, in the embodiment, the tar-
get images D71 and D72 are provided after providing the
cue images D61 and D62, and hence more valuable in-
formation for verifying the onset of dementia can be col-
lected. Specifically, in the embodiment, active attention
of the subject H can be paid by instructing one of the two
alternatively selectable selection items by the cue images
D61 and D62. Then, it is possible to obtain the response
time showing the level of the ability for introducing the
item indicated by the target images D71 and D72 with
this active attention paid.
[0144] Accordingly, the onset of dementia can be reli-
ably verified by comparing the average values of the re-
sponse times measured for the specified subject H with
the reference average value.
[0145] In the embodiment, the first combination Ta1
and the second combination Ta2 exist as the combination
of the cue images D61 and D62 and the target images
D71 and D72. Therefore, the subject H can be inhibited
from responding on the basis of only the cue images D61
and D62 without paying attention to the target images
D71 and D72. The response time corresponding to the
ability for introducing the item indicated by the target im-
ages D71 and D72 with this active attention paid can be
reliably obtained by excluding the response times to the
second combination Ta2 from an object to be compared.
[0146] In the embodiment, the intervals of 200 ms, 400
ms, and 800 ms are provided between the cue images
D61 and D62 and the target images D71 and D72. Con-
sequently, the standby time for the target images D71
and D72 can be given to the subject H with the active
attention paid, unlikely to a case of continuously providing
the cue images D61 and D62 and the target images D71
and D72. Accordingly, it is possible to suppress variation
in the response times by confusion of the cue images
D61 and D62 and the target images D71 and D72.
[0147] In the embodiment, the response times by the
subjects H whose percentage of correct answers is equal
to or more than 70% are used as the reference average
value. Consequently, the reference average value more
accurately indicates the response time to the target im-
ages D71 and D72 with the active attention paid. Specif-
ically, the target images D71 and D72 indicate the two
alternatively selectable selection items, and hence the
percentage of correct answers is 50% even when the
response is made without verifying the target images D71
and D72. Therefore, as in the embodiment, the response
times, for which the percentage of correct answers is
equal to or more than 70%, are extracted, thereby ena-
bling computation of the reference average value based
on the response times in which the subject is likely to be
made while verifying the target images D71 and D72 to
responce.
[0148] The verification device 21 displays, on the dis-
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play 2, the data (Fig. 31), in which the value measured
for the specified subject H is compared with the values
stored in the storage unit 8, but is not limited to this. The
verification device 21 may determine which group (AD
or EC) the specified subject H belongs to, and the deter-
mination result may be displayed on the display 2.
[0149] Specifically, a threshold value for differentiating
AD from EC patients can be previously prepared on the
basis of the average values (Fig. 31) of the response
times stored in the storage unit 8, and be stored in the
storage unit 8. Then, the data creation unit 17 can deter-
mine whether the specified subject H is AD or EC by
comparing the average value of the response times com-
puted for the specified subject H with the threshold value,
and display the determination result on the display 2.
[0150] Hereinafter, a modification of the second em-
bodiment will be described with reference to Fig. 36 to
Fig. 44. Configurations identical with those of the embod-
iment will be denoted by the same reference numerals,
and description thereof will be omitted.
[0151] With reference to Fig. 36, a verification device
31 analyzes change in an active state of a brain of a
subject on the basis of a detection signal of an fMRI,
while performing a test using the cue images D61 and
D62 and the target images D71 and D72 in the second
embodiment.
[0152] Specifically, the verification device 31 includes
a projector 32 (image display device: visual information
provision unit) capable of displaying an image to a paper
screen 32a, the operation unit 24, an fMRI (functional
Magnetic Resonance Imaging) 33 for detecting change
of an active state of a brain of a subject H, and a control
unit 35 electrically connected to the projector 32, the op-
eration unit 24 and the fMRI 33. In Fig. 36, a state where
the fMRI 33 is separated from the subject H is disclosed,
but the fMRI 33 is arranged so as to cover a head of the
subject H during the test.
[0153] with reference to Fig. 37, the control unit 35 in-
cludes an information collection unit 26 for collecting in-
formation for verifying existence or non-existence of de-
mentia, an information analysis unit 37 which analyzes
the information collected by the information collection unit
26, and a screen control unit 9 which controls the image
display by the projector 32 in accordance with commands
from the information collection unit 26 and the information
analysis unit 37.
[0154] The information collection unit 26 provides vis-
ual information through the projector 32, and receives a
response from the subject H to this information provision.
Specifically, the information collection unit 26 includes
the stimulus provision unit 12 and the measurement unit
13.
[0155] The measurement unit 13 measures a re-
sponse time between display start of target images D71
and D72 and completion of response by the subject H,
similarly to the embodiment. Furthermore, the measure-
ment unit 13 in this embodiment acquires detection val-
ues by the fMRI 33 in an execution period between dis-

play start of a cue image D61 and reception of a response
by the operation unit 24, and in a period (period of an
interval Ti of Fig. 29) other than the execution period.
[0156] The information analysis unit 37 computes in-
formation necessary for verifying onset of dementia on
the basis of the response time obtained by the information
collection unit 26 and a detection unit of the fMRI 33, and
compares the computed information with information
stored in the storage unit 8.
[0157] Specifically, the information analysis unit 37 in-
cludes an average time computation unit 14, a correct
answer percentage computation unit 15, an active state
analysis unit 40 which analyzes the change of the active
state of the brain of the subject H, a data creation unit 17
which creates data in which information analyzed by the
active state analysis unit 40 is compared with the infor-
mation stored in the storage unit 8.
[0158] The active state analysis unit 40 analyzes the
change of the active state of the brain of the subject H
on the basis of the detection value by the fMRI 33 which
is acquired by the measurement unit 13. Specifically, the
active state analysis unit 40 computes a change rate
(hereinafter referred to as a BOLD signal change rate)
between MRI signals detected during the execution pe-
riod between the display start of the cue images D61 and
D62 and the reception of the response by the operation
unit 24, and MRI signals detected during the period of
the interval Ti of Fig. 29.
[0159] The BOLD signal change rate indicates the
change in the active state of the brain between the exe-
cution period in which a stimulus is applied to the brain,
and the period of the interval Ti. Specifically, when the
stimulus is applied to the brain (at the time of activation),
the amount of deoxyhemoglobin (hereinafter referred to
as Deoxy-Hb) in the brain increases with increase in ox-
ygen consumption of the brain, and the amount of oxy-
hemoglobin (hereinafter referred to as Oxy-Hb) increas-
es with increase in blood flow of the brain. More specif-
ically, the increased amount of Oxy-Hb being a diamag-
netic substance is extremely large relative to the increase
in Deoxy-Hb being a paramagnetic substance. Conse-
quently, so-called BOLD (Blood Oxygenation Level De-
pendent) effect involving enhancement of the MRI sig-
nals and extension of relaxation time of MRI signals is
produced. Accordingly, the change rate of this BOLD ef-
fect is computed, thereby enabling the change in the ac-
tive state of the brain between the time of the activation
and the time other than the activation to be analyzed.
[0160] The active state analysis unit 40 excludes a de-
tection value by the fMRI 33 during a test performed for
the second combination Ta2 (see Fig. 30), when com-
puting the BOLD signal change rate. Consequently, it is
possible to obtain information on the change of the active
state of the brain of the subject H who is provided with a
proper cue stimulus (validity cue stimulus) and paying
the active attention.
[0161] Thus, the active state analysis unit 40 computes
the BOLD signal change rate, so that the change of the
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active state of the brain of the subject H is analyzed.
[0162] The storage unit 8 stores reference analysis val-
ues shown in Fig. 38 to Fig. 42 for comparison with the
BOLD signal change rate computed by the active state
analysis unit 40 (preparation step). Specifically, the stor-
age unit 8 previously stores reference analysis values
being previously computed BOLD signal change rates
for a plurality of subjects H (subjects shown in Fig. 32 in
this embodiment) belonging to two groups including AD
and EC.
[0163] Fig. 38 and Fig. 39 each show activation sites
of the brain and the BOLD signal change rate at a cue-
target interval of 200 ms. The BOLD signal change rates
of EC in the activation sites shown in Fig. 38 and Fig. 39
all change to a plus, and the BOLD signal change rates
of AD in the activation sites all change to a minus. Sig-
nificant differences exist between the BOLD signal
change rates of EC and the BOLD signal change rates
of AD at P value < 0.01. The activation sites shown in
Fig. 38 are a TPJ, a Thalamus and a RMFG (white por-
tions on colored backgrounds), and the activation sites
shown in Fig. 39 are an IFG, a LMFG, an aINS, a SMA,
and a PCG (white portions on colored backgrounds). For-
mal names of the activation sites will be listed later.
[0164] Fig. 40 is a figure showing activation sites of the
brain and the BOLD signal change rate at a cue-target
interval of 400 ms. The BOLD signal change rate of EC
in the activation sites shown in Fig. 40 all change to a
plus, and the BOLD signal change rates of AD in the
activation sites all change to a minus. Significant differ-
ences exist between the BOLD signal change rates of
EC and the BOLD signal change rates of AD at P value
< 0.01. The activation sites shown in Fig. 40 are an Amy-
gdala, and a SMA.
[0165] Fig. 41 and Fig. 42 each show activation sites
of the brain and the BOLD signal change rate at a cue-
target interval of 800 ms. The BOLD signal change rate
of EC in the activation sites shown in Figs. 41 and Fig.
42 all change to a plus, and the BOLD signal change
rates of AD in the activation sites all change to a minus.
Significant differences exist between the BOLD signal
change rates of EC and the BOLD signal change rates
of AD at P value < 0.01. The activation sites shown in
Fig. 41 and Fig. 42 are a DLPFC, a SFG, a PCC, an ACC,
a Thalamus.

Formal names of activation sites

[0166]

ACC: anterior cingulate cortex
aINS: anterior insula
Amygdala
DLPFC: dorsalateral prefrontal cortex
IFG: inferior frontal gyrus
RMFG: right middle frontal gyrus
LMFG: left middle frontal gyrus
PCC: posterior cingulated cortex

PCG: postcentral gyrus
SFG: superior frontal gyrus
SMA: supplementary motor area
Thalamus
TPJ: temporal parietal junction

[0167] The data creation unit 17 (see Fig. 37) creates
data in which a BOLD signal change rate computed for
the specified subject H is compared with the reference
analysis values (Fig. 38 to Fig. 42) stored in the storage
unit 8. Specifically, the data creation unit 17 creates a
graph in which BOLD signal change rates R7 to R9 com-
puted for the specified subject H are shown on a graph
of the reference analysis values, and displays this graph
as shown in Fig. 38. This graph may be displayed by the
projector 32, but can also be displayed on the display 2,
similarly to the embodiment.
[0168] Hereinafter, processes performed by the con-
trol unit 35 will be described with reference to Fig. 43 to
Fig. 44.
[0169] Main routine performed by the control unit 35 is
similar to that shown in Fig. 19. Among information col-
lecting processing T and information analysis processing
U performed by the control unit 35, difference between
Fig. 33 and Fig. 36 will be mainly described.
[0170] With reference to Fig. 43, after Step T13 of in-
formation collecting processing T is performed, detection
by the fMRI 33 starts (Step T131). That is, when the tasks
shown in Fig. 28 start, the detection of the fMRI 33 starts
at the same time.
[0171] A process similar to that of Fig. 33 is thereafter
performed. When it is determined that a standby time
limit has arrived in Step T19, the detection by the fMRI
33 is terminated (Step T191), the detection result by the
fMRI 33 is stored in the storage unit 8 (Step T192). Con-
sequently, the detection by the fMRI 33 is performed dur-
ing the execution period between the display of the cue
images D61 and D62 and the reception of the response
(first detection step).
[0172] Next, in a case where the interval between tasks
exists (YES in Step T20), the detection by the fMRI 33
starts. When the interval is terminated (YES in Step T21),
the detection by the fMRI 33 is terminated (Step T211),
the detection result is stored in the storage unit 8 (Step
T212). Consequently, it is possible to perform the detec-
tion by the fMRI 33 at the interval between the tasks (sec-
ond detection step).
[0173] When the information collecting processing T
is terminated, the information analysis processing shown
in Fig. 44 is performed. Among the processes shown in
Fig. 44, Steps U11 to U14 are similar to the processes
shown in Fig. 35. Therefore, processes subsequent to
Step U15 will be described as follows.
[0174] After Step U14 is performed, the BOLD signal
change rate is computed on the basis of the detection
value by the fMRI 33 (Step U15: active state analysis
step). Then, comparison data, in which the computed
BOLD signal change rate is compared with the reference
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analysis value, is created, and stored in the storage unit
8 (Step U16: comparison step). Specifically, in Step U16,
as shown in Fig. 38, comparison data, in which the com-
puted BOLD signal change rates R7 to R9 are superim-
posed on a graph of the reference average values, is
created. Therefore, a doctor seeing this comparison data
can determine the onset of dementia for the subject H.
[0175] As described above, in the embodiment, the
BOLD signal change rates are computed for the specified
subject H, and the BOLD signal change rates are com-
pared with the reference analysis values. Consequently,
it is possible to determine a dementia patient and people
other than the dementia patient on the basis of the
change in the active state of the brain.
[0176] The verification device 31 displays data (Fig.
38) in which the values measured for the specified subject
H are compared with the values stored in the storage unit
8, but is not limited to this. The verification device 31 may
determine which group (AD or EC) the specified subject
H belongs to, and the determination result may be dis-
played.
[0177] Specifically, a threshold value for differentiating
AD from EC can be previously prepared on the basis of
the BOLD signal change rate (Fig. 38 to Fig. 42) stored
in the storage unit 8, and be stored in the storage unit 8.
Then, the data creation unit 17 can determine whether
the specified subject H is AD or EC by comparing the
BOLD signal change rate computed for the specified sub-
ject H with the threshold value, and display the determi-
nation result.
[0178] The above-mentioned specific embodiments
mainly include the inventions having the following con-
figurations.
[0179] The present invention provides a method for
verifying onset of dementia of a subject, this method in-
cluding: a stimulus provision step of providing the subject
with one of two alternatively selectable selection items
as a stimulus including at least one of audio information
and visual information, a plurality of times; a measure-
ment step of receiving a response from the subject with
respect to the stimulus provided in the stimulus provision
step, and measuring a response time from the provision
of the stimulus to the reception of the response; an av-
erage value computation step of computing an average
value of the response time measured in the measure-
ment step; a preparation step of previously preparing ref-
erence average values with respect to a plurality of sub-
jects including a dementia patient and a person other
than the dementia patient, the reference average values
being average values of the response times to the stim-
ulus provided in the stimulus provision step; and a com-
parison step of comparing the average value of the re-
sponse times obtained with respect to a specified subject
in the average value computation step with the reference
average values.
[0180] Additionally, the present invention provides a
device for verifying onset of dementia for a subject, which
includes: an information provision unit capable of provid-

ing the subject with one of two alternatively selectable
selection items as a stimulus including at least one of
audio information and visual information; an operation
unit capable of outputting, in accordance with operation
from the subject, a command indicating that one of the
two selection items is selected; and a control unit con-
trolling the information provision unit in order to provide
the subject with the selection item, and analyzes infor-
mation for verifying the onset of dementia on the basis
of the command input from the operation unit, wherein
the control unit has: a stimulus provision unit which pro-
vides a stimulus showing one of the two selection items
through the information provision unit a plurality of times;
a measurement unit which measures a response time
from the provision of the stimulus by the stimulus provi-
sion unit to the reception of the command output from
the operation unit; an average time computation unit
which computes an average value of the response times
measured by the measurement unit; a storage unit which
previously stores reference average values previously
prepared with respect to a plurality of subjects including
a dementia patient and a person other than the dementia
patient, the reference average values being average val-
ues of the response times to the stimulus provided by
the stimulus provision unit; and a data creation unit which
creates data, in which the average value of the response
times obtained with respect to a specified subject by the
average time computation unit is compared with the ref-
erence average values.
[0181] According to these inventions, it is possible to
verify the onset of dementia of the specified subject by
comparison between the reference average values of the
response times previously prepared with respect to the
plurality of subjects including the dementia patient and
average values of response times obtained with respect
to the specific subject.
[0182] Specifically, the inventors of this application
have confirmed that in a case where the stimulus includ-
ing at least one of the audio information and the visual
information is supplied to the subject a plurality of times,
significant differences in the response time exist between
Alzheimer’s disease (hereinafter, often referred to as AD)
patients, and people other than the AD patients (see Fig.
8, Fig. 9 and Fig. 31). Therefore, as in the present inven-
tion, it is possible to verify the onset of dementia by com-
paring the previously prepared reference average values
with the average value computed with respect to the
specified subject.
[0183] Particularly, in the present invention, the subject
is required to select one selection (response) of the two
alternatively selectable selection items. Therefore, the
plurality of subjects can respond at relatively even speed
regardless of interest or concern to the provided infor-
mation, unlike a conventional case where a meaningful
object is specified.
[0184] Accordingly, according to the present invention,
information (response times) for verifying the onset of
dementia can be obtained while suppressing individual
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differences between the subjects.
[0185] In the present invention, the ’Alzheimer’s dis-
ease’ is a symptom satisfying all of the following A to F
according to the DSM-IV (The Diagnostic and Statistical
Manual of Mental Disorders-IV).
[0186]

A. At least any one of symptoms of memory impair-
ment, aphasia, apraxia, agnosia, and behavioral
dysfunction is revealed by onset of varied cognitive
losses.
B. The cognitive losses of A cause significant im-
paired social function.
C. Progression is characterized by gradual onset and
continuous reduction of cognition.
D. The cognitive losses of A are not caused by other
dementia.
E. The cognitive losses of A are not symptoms which
appear only during the course of delirium.
F. The disease by this dementia cannot be explained
well by other axis I diseases (schizophrenia, etc.).

[0187] Additionally, in the present invention, the ’two
alternatively selectable selection items’ means, for ex-
ample, character, figures, symbols or combination there-
of, meaning opposing directions such as right and left,
and top and bottom or opposing contents such as ox and
ON/OFF.
[0188] In the method for verifying onset of dementia,
in the stimulus provision step, a target stimulus which
provides one of the two selection items as the visual in-
formation is preferably provided a plurality of times, and
a cue stimulus which is the visual information instructing
one of the two selection items is preferably provided for
a preset period before providing the target stimuli for each
of the plurality of times, and in the measurement step, a
time from the provision of the target stimulus to the re-
ception of the response is preferably measured as the
response time.
[0189] Additionally, in the device for verifying onset of
dementia, the information provision unit preferably has
a visual information provision unit capable of providing
the subject with the visual information, the stimulus pro-
vision unit preferably provides a target stimulus which
provides one of the two selection items as the visual in-
formation a plurality of times, and provides a cue stimulus
which is the visual information instructing one of the two
selection items for a preset period before providing the
target stimuli for each of the plurality of times, and the
measurement unit preferably measures a time from the
provision of the target stimulus to the reception of the
command output from the operation unit as the response
time.
[0190] According to these aspects, the target stimulus
is provided after providing the cue stimulus, and hence
more valuable information for verifying the onset of de-
mentia can be collected.
[0191] Specifically, the inventors of this application

have confirmed that under a situation where the cue stim-
ulus is provided as a cue of the item indicated by the
target stimulus, significant differences in the average val-
ue of the response times to the target stimulus exist be-
tween the dementia patients and the people other than
the dementia patients (see Fig. 31). It is considered that
the reason why the significant difference thus exists is
"attention" paid when a human visually collects informa-
tion from outside. Specifically, the "attention" includes
passive attention which is paid when reflexively turning
attention to sudden change of an uncontemplated stim-
ulus, and active attention which is paid when consciously
turning attention to a certain position. Here, in each of
the respective aspects, the active attention of the subject
is paid by instructing one of two alternatively selectable
selection items by the cue stimulus. It is considered that
people other than the dementia patients have higher abil-
ity for introducing an item indicated by the target stimulus
with the active attention paid than dementia patients, and
hence the significant difference exists.
[0192] Accordingly, the onset of dementia can be more
reliably verified by comparing the average value of the
response times measured for the specified subject with
the reference average values.
[0193] Particularly, according to the aspects, the target
stimulus and the cue stimulus are each provided as the
visual information. Accordingly, test contents can be fur-
ther simplified compared to a case of providing the sub-
ject with the audio stimulus in addition to the visual stim-
ulus.
[0194] In the method for verifying onset of dementia,
the plurality of times of the cue stimuli provided in the
stimulus provision step preferably include a validity cue
stimulus which previously instructs an item indicated by
the target stimulus, and an invalidity cue stimulus which
previously instructs an item opposite to the item indicated
by the target stimulus, in the average value computation
step, an average value of the response times excluding
the response time to the target stimulus after the provi-
sion of the invalidity cue stimulus is preferably computed,
and in the preparation step, a reference average value
excluding the response time to the target stimulus after
the provision of the invalidity cue stimulus is preferably
computed.
[0195] Additionally, in the device for verifying onset of
dementia, the cue stimuli preferably include a validity cue
stimulus which previously instructs an item indicated by
the target stimulus, and an invalidity cue stimulus which
previously instructs an item opposite to the item indicated
by the target stimulus, the average time computation unit
preferably computes an average value of the response
times excluding the response time to the target stimulus
after the provision of the invalidity cue stimulus, and the
storage unit preferably previously stores a reference av-
erage value excluding the response time to the target
stimulus after the provision of the invalidity cue stimulus.
[0196] According to these aspects, the cue stimuli in-
clude the validity cue stimulus and the invalidity cue stim-
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ulus, and the reference average values and the average
value excluding the response time to the target stimulus
after the provision of the invalidity cue stimulus. Thus,
the validity cue stimulus and the invalidity cue stimulus
are mixed, thereby enabling the subject to be inhibited
from responding on the basis of only the cue stimulus
without paying attention to the target stimulus. Addition-
ally, the response time corresponding to ability for intro-
ducing the item indicated by the target image with the
active attention paid can be reliably obtained by exclud-
ing the response times to the target stimulus after the
provision of the invalidity cue stimulus from an object to
be compared.
[0197] In the method for verifying onset of dementia,
in the stimulus provision step, a preset interval is prefer-
ably inserted between the cue stimulus and the target
stimulus.
[0198] Additionally, in the device for verifying onset of
dementia, the stimulus provision unit preferably provides
the target stimulus at a preset interval after the provision
of the cue stimulus.
[0199] According to these aspects, the interval is pro-
vided between the cue stimulus and the target stimulus.
Consequently, the standby time for target stimulus can
be given to the subject with the active attention paid by
the cue stimulus, unlikely to a case of continuously pro-
viding the cue stimulus and the target stimulus. Accord-
ingly, it is possible to suppress variation in the response
times by confusion of the cue stimulus and the target
stimulus.
[0200] The method for verifying onset of dementia pref-
erably further includes a correct answer percentage com-
putation step of computing a percentage of correct an-
swers for the responses from the subject, wherein in the
preparation step, the reference average value is prefer-
ably prepared with respect to the subject whose percent-
age of correct answers is equal to or more than 70%
among a plurality of the subjects.
[0201] Additionally, the device for verifying onset of de-
mentia preferably further includes a correct answer per-
centage computation unit which computes a percentage
of correct answers for the responses from the subject,
wherein the storage unit preferably previously stores the
reference average value with respect to the subject
whose percentage of correct answers is equal to or more
than 70% among a plurality of the subjects.
[0202] According to these aspects, the response times
by the subjects whose percentage of correct answers is
equal to or more than 70% are used as the reference
average value. Consequently, the reference average val-
ue more accurately indicates the response time to the
target stimulus with the active attention paid. Specifically,
the target stimuli indicate the two alternatively selectable
selection items, and hence the percentage of correct an-
swers is 50% even when the response is made without
verifying the target stimulus. Therefore, as in the aspects,
the response times, for which the percentage of correct
answers is 70% or more, are extracted, thereby enabling

computation of the reference average value based on
the response times in which the subject is likely to re-
spond while verifying the target stimulus.
[0203] The method for verifying onset of dementia pref-
erably further includes: a first detection step of detecting
oxygen consumption and blood flow of a brain of the sub-
ject by using an fMRI during an execution period in which
the stimulus provision step and the measurement step
are executed; a second detection step of detecting the
oxygen consumption and the blood flow of the brain of
the subject by using the fMRI during a period other than
the execution period; and an active state analysis step
of analyzing a change in an active state of the brain of
the subject between the execution period and the period
other than the execution period on the basis of detection
values in the first detection step and the second detection
step, wherein in the preparation step, reference analysis
values, obtained by analysis of the change in the active
state of the brain with respect to a plurality of subjects
including a dementia patient and a person other than the
dementia patient, are preferably previously prepared,
and in the comparison step, the change in the active state
of the brain obtained with respect to the specified subject
in the active state analysis step is preferably compared
with the reference analysis values.
[0204] Additionally, the device for verifying onset of de-
mentia preferably further includes an fMRI which detects
oxygen consumption and blood flow of a brain of the sub-
ject; and an active state analysis unit which analyzes a
change in an active state of the brain of the subject on
the basis of a detection value by the fMRI during an ex-
ecution period from the provision of the cue stimulus by
the stimulus provision unit to the reception of the com-
mand output from the operation unit, and a detection val-
ue by the fMRI during a period other than the execution
period, wherein the storage unit preferably previously
stores reference analysis values obtained by analysis of
the change in the active state of the brain with respect
to a plurality of subjects including a dementia patient and
a person other than the dementia patient, and the data
creation unit preferably creates data, in which the change
in the active state of the brain obtained with respect to
the specified subject by the active state analysis unit is
compared with the reference analysis values.
[0205] According to these aspects, the dementia pa-
tients and people other than the dementia patients can
be determined on the basis of the change in the active
state of the brain. The reason will be as follows.
[0206] The inventors of this application have confirmed
that the change in the active state of the brain between
the execution period from the provision of the cue stim-
ulus to the reception of the response, and the period other
than the execution period is different between the de-
mentia patients and the people other than the dementia
patients (see Fig. 38 to Fig. 42). Specifically, when the
stimulus is applied to the brain (at the time of activation),
the amount of deoxyhemoglobin (hereinafter referred to
as Deoxy-Hb) in the brain increases with increase in ox-
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ygen consumption of the brain, and the amount of oxy-
hemoglobin (hereinafter referred to as Oxy-Hb) increas-
es with increase in blood flow of the brain. More specif-
ically, the increased amound of Oxy-Hb being a diamag-
netic substance is extremely large relative to the increase
in Deoxy-Hb being a paramagnetic substance. Conse-
quently, so-called BOLD (Blood Oxygenation Level De-
pendent) effect involving enhancement of the MRI sig-
nals and extension of relaxation time of MRI signals is
produced. This BOLD effect is detected by using the fMRI
(functional Magnetic Resonance Imaging), the change
in the active state of the brain can be analyzed. Then,
the change of this BOLD effect shows different behavior
between the dementia patients and the people other than
the dementia patients in the specified activation sites of
the brain (see Fig. 38 to Fig. 42). Accordingly, the onset
of dementia can be verified by comparing the previously
prepared (stored) reference analysis values with the
change of the active state of the brain obtained with re-
spect to the specified subject.
[0207] The method for verifying onset of dementia pref-
erably further includes a selection step of selecting one
of three kinds of conditions including an audio selective
attention condition in which attention is paid only to in-
formation obtained through an auditory sense to respond,
a visual selective attention condition in which attention
is paid only to information obtained through a visual
sense to respond, and an audio-visual division attention
condition in which attention is paid only to information
obtained through the auditory sense and the visual sense
to respond, and an offer step of offering the condition
selected in the selection step to the subject, wherein in
the stimulus provision step, three kinds of stimuli includ-
ing an audio stimulus which provides one of the two se-
lection items as the audio information, a visual stimulus
which provides one of the two selection items as the vis-
ual information, and an audio-visual stimulus which pro-
vides one of the two selection items as the audio infor-
mation and the visual information are preferably provided
to the subject, a plurality of times, at preset respective
response periods under the condition selected in the se-
lection step, in the measurement step, the response time
to at least one kind of stimulus among the three kinds of
stimuli provided in the stimulus provision step is prefer-
ably measured, in the preparation step, average values
of the response times to the respective stimuli in each of
the three kinds of conditions are preferably previously
prepared as the reference average value, and in the com-
parison step, the average value of the response times
obtained with respect to the specified subject in the av-
erage value computation step is compared with the av-
erage value of the response times to the same stimulus
in the same condition among the reference average val-
ues.
[0208] Additionally, in the device for verifying onset of
dementia, an information provision unit preferably in-
cludes an audio information provision unit capable of pro-
viding a subject with audio information, and a visual in-

formation provision unit capable of providing the subject
with visual information, the control unit preferably further
includes a test condition selection unit which selects one
of three kinds of conditions including an audio selective
attention condition in which attention is paid only to in-
formation obtained through an auditory sense to respond,
a visual selective attention condition in which attention
is paid only to information obtained through a visual
sense to respond, and an audio-visual division attention
condition in which attention is paid only to information
obtained through the auditory sense and the visual sense
to respond, and offers the selected condition to the sub-
ject through at least one of the audio information provision
unit and the visual information provision unit, the stimulus
provision unit preferably provides, a plurality of times, the
subject with three kinds of stimuli including an audio stim-
ulus which provides one of the two selection items
through the audio information provision unit, a visual
stimulus which provides one of the two selection items
through the visual information provision unit, and an au-
dio-visual stimulus which provides one of the two selec-
tion items through the audio information provision unit
and the visual information provision unit, the measure-
ment unit is preferably a measurement unit which meas-
ures the response time to at least one kind of stimulus
among the three kinds of stimuli provided from the stim-
ulus provision units, the storage unit previously prefera-
bly stores average values of the response times to the
respective stimuli in each of the three kinds of conditions
as the reference average value, and the data creation
unit preferably creates data, in which the average value
of the response times obtained with respect to the spec-
ified subject by the average time computation unit is com-
pared with the average value of the response times to
the same stimulus in the same condition among the ref-
erence average values.
[0209] According to these aspects, the onset of de-
mentia can be verified by using the audio stimulus, the
visual stimulus, and the audio-visual stimulus.
[0210] Specifically, the inventors of this application
have confirmed that the significant differences in the re-
sponse time exist between the dementia patients and the
people other than the dementia patients by supplying the
three stimuli , a plurality of times, to the subjects under
one condition selected from the three conditions (see Fig.
8 and Fig. 9). Therefore, as in the aspects, it is possible
to verify the onset of dementia by comparing the previ-
ously prepared reference average values with the aver-
age value computed with respect to the specified subject.
[0211] In the respective aspects, the ’at least one kind
of the stimulus among the three kinds of stimuli’ means
at least one of the audio stimulus and the audio-visual
stimulus in the audio selective attention condition, at least
one of the visual stimulus and the audio-visual stimulus
in the visual selective attention condition, and at least
one of the audio stimulus, the visual stimulus, and the
audio-visual stimulus in the audio-visual division atten-
tion condition.
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[0212] Additionally, in the respective aspects, the ’re-
sponse times to the respective stimuli in each of the three
kinds of conditions’ means the response times to the au-
dio stimulus and the audio-visual stimulus in the audio
selective attention condition, the response times to the
visual stimulus and the audio-visual stimulus in the visual
selective attention condition, and the response times to
the audio stimulus, the visual stimulus, and the audio-
visual stimulus in the audio-visual division attention con-
dition. That is, it is assumed that the response to the
visual stimulus in the audio selective attention condition
is ’no response’, for example, and therefore the response
to the visual stimulus in this case is excluded. The re-
sponse to the visual stimulus in the audio selective at-
tention condition is similar to this.
[0213] In the method for verifying onset of dementia,
in the selection step, after performing the measurement
step in a condition selected last time, a condition other
than the condition selected last time is preferably newly
selected among the three kinds of conditions, and the
offer step, the stimulus provision step, and the measure-
ment step are preferably performed with respect to the
condition newly selected in the selection step.
[0214] Additionally, in the device for verifying onset of
dementia, the test condition selection unit preferably
newly selects a condition other than a condition selected
last time among the three kinds of conditions, after com-
pletion of the measurement of the response time in the
condition selected last time by the measurement unit.
[0215] According to these aspects, the average values
of the response times under 2 or more conditions can be
obtained. Therefore, it is possible to more accurately ver-
ify the onset of dementia by increasing the number of the
average values compared with the reference average
values.
[0216] In the method for verifying onset of dementia,
the response times to respective stimuli in the each of
respective three kinds of conditions are preferably meas-
ured with respect to the specified subject by performing,
in three cycles, the selection step, the offer step, the stim-
ulus provision step, and the measurement step.
[0217] In the device for verifying onset of dementia,
the test condition selection unit preferably sequentially
selects all of the three kinds of conditions with respect to
the specified subject, and the measurement unit prefer-
ably measures response times to the respective stimuli
in each of the three kinds of conditions.
[0218] Thus, it is possible to obtain the average value
of the average values with respect to all combination of
the three kinds of conditions and the three kinds of stimuli.
[0219] In the method for verifying onset of dementia,
in the selection step, at least the audio selective attention
condition and the visual selective attention condition are
preferably sequentially selected, and in the measure-
ment step, the respective response times of the subject
to the audio stimulus and the audio-visual stimulus are
preferably measured in the audio selective attention con-
dition, and the respective response times of the subject

to the visual stimulus and the audio-visual stimulus are
measured in the visual selective attention condition, the
method preferably further includes a first index compu-
tation step of computing a promoting effect index indicat-
ing a degree of a promoting effect by audio-visual inte-
gration on the basis of the response times measured in
the measurement step, wherein in the preparation step,
the promoting effect index is preferably prepared in ad-
vance with respect to the plurality of subjects including
a mild cognitive impairment patient and a healthy elderly
person, and in the comparison step, the promoting effect
index computed in the first index computation step is pref-
erably compared with the promoting effect index pre-
pared in the preparation step.
[0220] Additionally, in the device for verifying onset of
dementia, the test condition selection unit preferably se-
quentially selects at least the audio selective attention
condition and the visual selective attention condition, the
measurement unit preferably measures the respective
response times to the audio stimulus and the audio-visual
stimulus in the audio selective attention condition, and
measures the respective response times to the visual
stimulus and the audio-visual stimulus in the visual se-
lective attention condition, the control unit preferably fur-
ther includes a first index computation unit which com-
putes a promoting effect index indicating a degree of a
promoting effect by audio-visual integration on the basis
of the response times measured by the measurement
unit, the storage unit preferably previously stores the pro-
moting effect index with respect to the plurality of subjects
including a mild cognitive impairment patient and a
healthy elderly person, and the data creation unit prefer-
ably creates data, in which the promoting effect index
computed by the first index computation unit is compared
with the promoting effect index stored in the storage unit.
[0221] In these aspects, the previously prepared pro-
moting effect index indicating the degree of the promoting
effect by audio-visual integration is compared with the
promoting effect index indicating the degree of the pro-
moting effect by audio-visual integration, computed with
respect to the specified subject. Consequently, it is pos-
sible to distinguish between the mild cognitive impair-
ment (hereinafter, referred to as MCI) patients, and the
healthy elderly people (Elderly).
[0222] Specifically, the inventors of this application
faced a problem that in a case of performing the com-
parison of the response times described above, while it
is possible to distinguish between the AD patients and
the people other than the AD patients, it is difficult to
sufficiently distinguish between the MCI patients and the
healthy elderly people (see an E-M column of the audio-
visual attention condition of Fig. 9). Therefore, the inven-
tors of this application have conceived of a method of
comparing promoting effect indexes indicating the de-
gree of the promoting effect by the audio-visual integra-
tion, by focusing on the following (1) to (4).

(1) A speed of the response time in a case where
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the audio-visual stimulus complying with a theory of
meaning is provided is faster than a speed of the
response time in a case where the visual stimulus
and the audio stimulus are separately provided (Jen-
nifer L. Mozolic, Christina E. Hugenschmidt, Ann M.
Peiffer, Paul J. Laurienti,: Modality-specific selective
attention attenuates audiovisual integration, Exper-
imental Brain Research, (2008) 184: 39 - 52).
(2) The promoting effects in elderly people are higher
than the promoting effects in young people (Paul J.
Laurienti, Jonathan H. Burdette, Joseph A. Maldjian,
Mark T. Wallace,: Enhanced audiovisual integration
in older adults, Neurobiology of Aging (2006) 27:
1155 - 1163).
(3) As to cerebral metabolic rates (rCMRglc) of glu-
cose of brain sites for the audio-visual stimulus, the
rCMRglc of the dementia patients is lower than that
of the healthy people of the same age. Furthermore,
it is found that there is a correlation between the de-
gree of severity of dementia and a lowering rate of
the rCMRglc (Pietro Pietrini, Gene E. Alexander,
Maura L. Furey, Alessio Darn, Marc J. Mentis, Barry
Horwitz, Mario Guazzehhi, Mark B. Schapiro, and
Stanley I. Rapoport,: Cerebral Metabolic Response
to Passive Audiovisual Stimulation in Patients with
Alzheimer’s Disease and Healthy Volunteers As-
sessed by PET, THE JOURNAL OF NUCLEAR
MEDICINE, (2000) 41: 575 - 583).
(4) The ability of the audio-visual integration of the
schizophrenia patients are lower than that of the
healthy people (J.J. de Jong, P.P.G. Hodiamont J.
Van den Stock, B. de Gelder, Audiovisual emotion
recognition in schizophrenia: Reduced integration of
facial and vocal affect, SCHIZOPHRENIA RE-
SEARCH, (2009) 107: 286 - 293).

[0223] That is, according to the respective aspects, it
is possible to distinguish between the healthy elderly peo-
ple and the MCI patients by comparison of the promoting
effects having a property of showing an higher effect with
increase in person ages, and reducing with reduction in
brain function.
[0224] The ’audio-visual integration’ means that infor-
mation to an auditory sense and information to a visual
sense interact.
[0225] Additionally, the ’promoting effect’ means that
pieces of information obtained from 2 or more intervals
enhance each other. Specifically, the ’promoting effect’
is observed in a case where audio information and visual
information complying with a theory of meaning are pro-
vided, like a case where a red visual stimulus and an
audio stimulus of a word "red" are provided at the same
time. It is known that the promoting effect varies depend-
ing on the attention condition, and is higher under the
audio-visual division attention condition compared to a
case where the attention to the auditory sense or the
visual sense is selectively paid, in a case where the visual
information and the audio information are provided (see

the exhibition (3)).
[0226] Furthermore, the ’mild cognitive impairment’
means that while ability such as cognitive functions and
memory declines compared to ability expected in the
course of normal aging, the symptom is less severe than
dementia. Additionally, it is known that the mild cognitive
impairment patients have higher possibility of the onset
of dementia than the healthy elderly people. According
to operational diagnosis criteria of amnestic mild cogni-
tive impairment proposed in MCI consensus conference
(Chicago, 1999), a person is diagnosed with MCI in a
case of falling under the following A to E.
[0227]

A. Individuals and families complain of a memory
loss.
B. A general cognitive function is normal.
C. Activities of daily life are independent.
D. There is no possibility of dementia.
E. Memory impairment, which cannot be explained
only by influences of age or an education level, ex-
ists.

[0228] Additionally, the ’healthy elderly people’ means
people with no physical and mental imperfections, par-
ticularly with no abnormalities of neuronal functions of a
visual sense, an auditory sense, memory and the like.
[0229] In the method for verifying onset of dementia,
an audio cumulative distribution probability of the re-
sponse times to the audio stimulus in the audio selective
attention condition, a visual cumulative distribution prob-
ability of the response times to the visual stimulus in the
visual selective attention condition, a first audio-visual
cumulative distribution probability of the response times
to the audio-visual stimulus in the audio selective atten-
tion condition, a second audio-visual cumulative distri-
bution probability of the response times to the audio-vis-
ual stimulus in the visual selective attention condition, an
estimate value of the cumulative distribution probability
of the response times to the audio-visual stimulus on the
basis of the audio cumulative distribution probability and
the visual cumulative distribution probability, a first sub-
traction value as the promoting effect index obtained by
subtracting the estimate value from the first audio-visual
cumulative distribution probability, and a second subtrac-
tion value as the promoting effect index obtained by sub-
tracting the estimate value from the second audio-visual
cumulative distribution probability are preferably comput-
ed in the first index computation step.
[0230] Additionally, in the device for verifying onset of
dementia, a first index computation unit preferably com-
putes an audio cumulative distribution probability of the
response times to the audio stimulus in the audio selec-
tive attention condition, a visual cumulative distribution
probability of the response times to the visual stimulus
in the visual selective attention condition, a first audio-
visual cumulative distribution probability of the response
times to the audio-visual stimulus in the audio selective
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attention condition, a second audio-visual cumulative
distribution probability of the response times to the audio-
visual stimulus in the visual selective attention condition,
an estimate value of the cumulative distribution proba-
bility of the response times to the audio-visual stimulus
on the basis of the audio cumulative distribution proba-
bility and the visual cumulative distribution probability, a
first subtraction value as the promoting effect index ob-
tained by subtracting the estimate value from the first
audio-visual cumulative distribution probability, and a
second subtraction value as the promoting effect index
obtained by subtracting the estimate value from the sec-
ond audio-visual cumulative distribution probability.
[0231] According to these aspects, the first subtraction
value and the second subtraction value being the indexes
of the promoting effects can be obtained on the basis of
the estimate value of the cumulative distribution proba-
bility of the response times to the audio-visual stimulus,
and the actual measured value of the cumulative distri-
bution probability of the response times to the audio-vis-
ual stimulus (audio-visual cumulative distribution proba-
bility).
[0232] The ’cumulative distribution probability’ is a rate
of the sum total of data of all measured response times,
which is sorted into each of segments and exists from
the start of the stimulus provision to the segment, to the
total number. The segment is configured by dividing a
period between the start of the stimulus provision and
the end of the preset response period into a plurality of
equal response periods.
[0233] Additionally, the ’estimate value’ can be com-
puted, for example, by using a race model (COGNITIVE
PSYCHOLOGY 14, 247-279 (1982): JEFF MILLER).
Here, the race model is a model for computing the esti-
mate value of the audio-visual cumulative distribution
probability being a logical sum of the cumulative distri-
bution probabilities on the basis of the audio cumulative
distribution probability and the visual cumulative distri-
bution probability.
[0234] In the method for verifying onset of dementia,
in the selection step, the audio-visual division attention
condition is preferably selected, and in the measurement
step, the response times to the respective three kinds of
stimuli are preferably measured, and the meehod pref-
erably further includes a second index computation step
of computing a promoting effect index indicating a degree
of a promoting effect by audio-visual integration on the
basis of the response times measured in the measure-
ment step, in the preparation step, the promoting effect
index is preferably prepared in advance with respect to
the plurality of subjects including a mild cognitive impair-
ment patient and a healthy elderly person, and in the
comparison step, the promoting effect index computed
in the second index computation step is preferably com-
pared with the promoting effect index prepared with the
preparation step.
[0235] Additionally, in the device for verifying onset of
dementia, the test condition selection unit preferably se-

lects the audio-visual division attention condition, the
measurement unit preferably measures the response
times to the respective three kinds of stimuli, the control
unit preferably further includes a second index compu-
tation unit which computes a promoting effect index in-
dicating a degree of a promoting effect by audio-visual
integration on the basis of the response times measured
in the measurement unit, the storage unit previously pref-
erably stores the promoting effect index with respect to
the plurality of subjects including a mild cognitive impair-
ment patient and a healthy elderly person, the data cre-
ation unit preferably creates data, in which the promoting
effect index computed by the second index computation
unit is compared with the promoting effect index stored
in the storage unit.
[0236] According to these aspects, it is possible to
shorten the time for obtaining the promoting effect index.
Specifically, in the respective aspects, as described
above, it is possible to obtain the promoting effect index
by measuring the response time only by the audio-visual
division attention condition, unlikely a case where the
response time is measured under two of the audio se-
lective attention condition and the visual selective atten-
tion condition.
[0237] In the method for verifying onset of dementia,
an audio cumulative distribution probability of the re-
sponse times to the audio stimulus in the audio-visual
division attention condition, a visual cumulative distribu-
tion probability of the response times to the visual stim-
ulus in the audio-visual division attention condition, an
audio-visual cumulative distribution probability of the re-
sponse times to the audio-visual stimulus in the audio-
visual division attention condition, an estimate value of
the cumulative distribution probability of the response
times to the audio-visual stimulus on the basis of the au-
dio cumulative distribution probability and the visual cu-
mulative distribution probability, and a subtraction value
as the promoting effect index obtained by subtracting the
estimate value from the audio-visual cumulative distribu-
tion probability are preferably computed in the second
index computation step.
[0238] In the device for verifying onset of dementia,
the second index computation unit preferably computes
an audio cumulative distribution probability of the re-
sponse times to the audio stimulus in the audio stimulus
in the audio-visual division attention condition, a visual
cumulative distribution probability of the response times
to the visual stimulus in the audio-visual division attention
condition, an audio-visual cumulative distribution proba-
bility of the response times to the audio-visual stimulus
in the audio-visual division attention condition, an esti-
mate value of the cumulative distribution probability of
the response times to the audio-visual stimulus on the
basis of the audio cumulative distribution probability and
the visual cumulative distribution probability, and a sub-
traction value as the promoting effect index obtained by
subtracting the estimate value from the audio-visual cu-
mulative distribution probability.
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[0239] According to these aspects, it is possible to ob-
tain the subtraction value being the index of the promoting
effect on the basis of the estimate value of the cumulative
distribution probability of the response times to the audio-
visual stimulus, and the actual measured value of the
cumulative distribution probability of the response times
to the audio-visual stimulus (audio-visual cumulative dis-
tribution probability).
[0240] The method for verifying onset of dementia pref-
erably further includes a correct answer percentage com-
putation step of computing a percentage of correct an-
swers in the responses from the subject, wherein in the
preparation step, reference percentages of correct an-
swers in the responses from the plurality of subjects are
preferably previously prepared, and in the comparison
step, the percentage of correct answers obtained with
respect to the specified subject in the correct answer per-
centage computation step is preferably compared with
the percentage of correct answers to the same stimulus
in the same condition among the reference percentages
of correct answers.
[0241] In the device for verifying onset of dementia,
the control unit preferably further includes a correct an-
swer percentage computation unit which computes a per-
centage of correct answers with respect to the responses
from the subject, the storage unit preferably stores ref-
erence percentages of correct answers prepared with
respect to the responses from the plurality of subjects,
and the comparison unit preferably compares the per-
centage of correct answers obtained with respect to the
specified subject by the correct answer percentage com-
putation unit with the percentage of correct answers to
the same stimulus in the same condition among the ref-
erence percentages of correct answers stored in the stor-
age unit.
[0242] According to these aspects, it is possible to ver-
ify the onset of dementia for the specified subject. Spe-
cifically, the inventors of this application have confirmed
that the significant differences in the percentage of cor-
rect answers exist between the AD patients and the peo-
ple other than the AD patients by supplying the three
stimuli under one condition selected from the three con-
ditions at the intervals of a preset response period a plu-
rality of times (see Fig. 10 and Fig. 11). Therefore, as in
the present invention, it is possible to verify the onset of
AD by comparing the previously prepared reference per-
centage of correct answers with the percentage of correct
answers computed with respect to the specified subject.
[0243] In the device for verifying onset of dementia,
the visual information provision unit is preferably config-
ured from an image display device capable of displaying
a preset image, and the data creation unit preferably
causes the image display device to display created data.
[0244] According to this aspect, the data, in which the
measured average value of the response times is com-
pared with the previously stored average value of the
response times, is displayed on the image display unit.
Therefore, a healthcare worker seeing this image display

unit can determine the onset of dementia.
[0245] In the device for verifying onset of dementia,
the visual information provision unit is preferably config-
ured from an image display device capable of displaying
a preset image, and the test condition selection unit pref-
erably displays two images each showing an ear under
the audio selective attention condition, displays two im-
ages each showing an eye under the visual selective
attention condition, and displays one image showing the
ear and one image showing the eye under the audio-
visual division attention condition.
[0246] According to this aspect, display of two images
each showing an ear enables the subject to recognize
the audio selective attention condition. Additionally, dis-
play of two images each showing an eye enables the
subject to recognize the visual selective attention condi-
tion. Furthermore, display of one image showing an ear
and one image showing an eye enables the subject to
recognize the audio-visual division attention condition.
[0247] In the device for verifying onset of dementia,
the storage unit preferably previously stores a threshold
value for differentiating the average value of the response
times previously computed with respect to the dementia
patient, and the average value of the response times pre-
viously computed with respect to the person other than
the dementia patient, and the data creation unit prefera-
bly determines whether or not the specified subject is a
dementia patient, by comparing the average value of the
response times computed with respect to the specified
subject with the threshold value.
[0248] According to this aspect, it is possible to deter-
mine whether or not the specified subject is a dementia
patient, by measuring the response time with respect to
the specified subject.
[0249] In the device for verifying onset of dementia,
the storage unit preferably previously stores a threshold
value for differentiating the promoting effect index previ-
ously computed with respect to a healthy elderly person
from the promoting effect index previously computed with
respect to a mild cognitive impairment person, and the
data creation unit preferably determines whether the
specified subject is a healthy elderly person or a mild
cognitive impairment person, by comparing the promot-
ing effect index computed with respect to the specified
subject with the threshold value.
[0250] According to this aspect, it is possible to deter-
mine whether the specified subject is a healthy elderly
person or the mild cognitive impairment patient, by com-
puting the promoting effect index with respect to the spec-
ified subject.

Industrial Applicability

[0251] According to the present invention, it is possible
to obtain information for verifying onset of dementia while
suppressing individual differences between subjects.
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Explanation of Reference Numerals

[0252]

D1 to D3 CONDITION IMAGE
D4 STIMULUS IMAGE
D5 BACKGROUND IMAGE
D61, D62 CUE IMAGE (CUE STIMULUS)
D71, D72 TARGET IMAGE (TARGET STIMULUS)
G1, G8 AUDIO CUMULATIVE DISTRIBUTION
PROBABILITY
G2, G9 VISUAL CUMULATIVE DISTRIBUTION
PROBABILITY
G3, G4, G10 CUMULATIVE DISTRIBUTION PROB-
ABILITY
G5, G11 ESTIMATE VALUE
G6, G7, G12 SUBTRACTION VALUE
H SUBJECT
R1 AVERAGE VALUE
R2 PERCENTAGE OF CORRECT ANSWERS
R3 SUBTRACTION VALUE
1,21,31 VERIFICATION DEVICE
2 DISPLAY (VISUAL INFORMATION PROVISION
UNIT, IMAGE DISPLAY DEVICE)
3 EAR PAD UNIT (AUDIO INFORMATION PROVI-
SION UNIT)
4, 24 OPERATION UNIT
5,25,35 CONTROL UNIT
8 STORAGE UNIT
11 TEST CONDITION SELECTION UNIT
12 STIMULUS PROVISION UNIT
13 MEASUREMENT UNIT
14 AVERAGE TIME COMPUTATION UNIT
15 CORRECT ANSWER PERCENTAGE COMPU-
TATION UNIT
16 INDEX COMPUTATION UNIT
17 DATA CREATION UNIT
32 PROJECTOR (VISUAL INFORMATION PROVI-
SION UNIT, IMAGE DISPLAY DEVICE)
37 INFORMATION ANALYSIS UNIT
40 ACTIVE STATE ANALYSIS UNIT

Claims

1. A device for verifying onset of dementia for a subject,
the device comprising:

an information provision unit having a visual in-
formation provision unit capable of providing the
subject with one of two alternatively selectable
selection items as a stimulus including visual in-
formation;
an operation unit capable of outputting, in ac-
cordance with operation from the subject, a com-
mand indicating that one of the two selection
items is selected; and
a control unit capable of controlling the informa-

tion provision unit in order to provide the subject
with the selection item, and capable of analyzing
information for verifying the onset
of dementia on the basis of the command input
from the operation unit, wherein the control unit
has:

a stimulus provision unit capable of provid-
ing a target stimulus providing one of the
two selection items as visual information
through the information provision unit a plu-
rality of times, and the stimulus provision
unit capable of providing a cue
stimulus being visual information instructing
one of the two selection items for a preset
period through the information provision
unit, before providing the target stimuli for
each of the plurality of times;
a measurement unit capable of measuring
a response time from the provision of the
target stimulus by the stimulus provision
unit to the reception of the command output
from the operation unit;
an average time computation unit capable
of computing an average value of the re-
sponse times measured by the measure-
ment unit;
a storage unit capable of previously storing
reference average values previously pre-
pared with respect to a plurality of subjects
including a dementia patient and a person
other than the dementia patient, the values
being average values of the response times
to the stimulus provided by the stimulus pro-
vision unit; and a data creation unit capable
of creating data, in which the average value
of the response times obtained with respect
to a specified subject by the average time
computation unit is compared with the ref-
erence average values.

2. The device for verifying onset of dementia according
to claim 1, wherein the cue stimuli include a validity
cue stimulus capable of previously instructing item
indicated by the target stimulus, and an invalidity cue
stimulus capable of previously instructing an item
opposite to the item indicated by the target stimulus,
the average time computation unit is capable of com-
puting an average value of the response times ex-
cluding the response time to the target stimulus after
the provision of the invalidity cue stimulus, and the
storage unit is capable of previously storing a refer-
ence average value excluding the response time to
the target stimulus after the provision of the invalidity
cue stimulus.
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Patentansprüche

1. Vorrichtung für den Nachweis des Einsetzens von
Demenz für ein Subjekt, wobei die Vorrichtung um-
faßt:

eine Informationsbereitstellungseinheit, die ei-
ne visuelle Informationsbereitstellungseinheit
aufweist, welche befähigt ist, dem Subjekt eines
von zwei alternativ auswählbaren Auswahlele-
menten als einen visuelle Information enthalten-
den Stimulus bereitzustellen,
eine Bedienungseinheit, die befähigt ist, in
Übereinstimmung mit der Bedienung von dem
Subjekt, einen Befehl auszugeben, der anzeigt,
daß eines der zwei Auswahlelemente ausge-
wählt ist, und
eine Steuereinheit, die befähigt ist, die Informa-
tionsbereitstellungseinheit zu steuern, um dem
Subjekt das Auswahlelement bereitzustellen,
und die befähigt ist, Information für den Nach-
weis des Einsetzens von Demenz auf Basis des
eingegebenen Befehls von der Bedienungsein-
heit zu analysieren, wobei die Steuereinheit auf-
weist:

eine Stimulusbereitstellungseinheit, die be-
fähigt ist, einen Zielstimulus bereitzustellen,
der eine Vielzahl an Malen eines der zwei
Auswahlelemente als visuelle Information
durch die Informationsbereitstellungsein-
heit bereitstellt und die Stimulusbereitstel-
lungseinheit befähigt ist, einen Hinweissti-
mulus bereitzustellen, welcher visuelle In-
formation ist, die eines der zwei Auswahle-
lemente für eine vorbestimmte Dauer durch
die Informationsbereitstellungseinheit an-
weist, bevor der Zielstimulus für jede der
Vielzahl an Malen bereitgestellt wird,
eine Meßeinheit, die befähigt ist, eine Ant-
wortzeit von der Bereitstellung des Zielsti-
mulus durch die Stimulusbereitstellungs-
einheit bis zum Erhalt des von der Bedie-
nungseinheit ausgegebenen Befehls zu
messen,
eine Durchschnittszeitberechnungseinheit,
die befähigt ist, einen Durchschnittswert der
Antwortzeiten, die von der Meßeinheit ge-
messen werden, zu berechnen,
eine Speichereinheit, die befähigt ist, vorab
Referenzdurchschnittswerte zu speichern,
die vorab im Hinblick auf eine Vielzahl von
Subjekten, enthaltend einen Demenzpati-
enten und eine von dem Demenzpatienten
verschiedene Person, erstellt wurden, wo-
bei die Werte Durchschnittswerte der Ant-
wortzeiten auf den von der Stimulusbereit-
stellungseinheit bereitgestellten Stimulus

sind und
eine Datenerstellungseinheit, die befähigt
ist, Daten zu erstellen, in denen der Durch-
schnittswert der Antwortzeiten, die im Hin-
blick auf ein spezifiziertes Subjekt durch die
Durchschnittszeitberechnungseinheit er-
halten wurden, mit den Referenzdurch-
schnittswerteri verglichen werden.

2. Vorrichtung für den Nachweis des Einsetzens von
Demenz nach Anspruch 1, wobei die Hinweisstimuli
einen Gültigkeitshinweisstimulus enthalten, der be-
fähigt ist, vorab das von dem Zielstimulus angezeigte
Element anzuweisen, und einen Ungültigkeitshin-
weisstimulus, der befähigt ist, vorab ein Element an-
zuweisen, daß gegenteilig zu dem von dem Zielsti-
mulus anzeigten Element ist, die Durchschnittszeit-
berechnungseinheit befähigt ist, einen Durch-
schnittswert der Antwortzeiten unter Ausschluß der
Antwortzeit auf den Zielstimulus nach Bereitstellung
des Ungültigkeitshinweisstimulus zu berechnen und
die Speichereinheit befähigt ist, vorab einen Refe-
renzdurchschnittswert unter Ausschluß der Antwort-
zeit auf den Zielstimulus nach Bereitstellung des Un-
gültigkeitsstimulus zu speichern.

Revendications

1. Dispositif de vérification de l’apparition de la démen-
ce chez un sujet, le dispositif comprenant :

une unité de fourniture d’informations compre-
nant une unité de fourniture d’information visuel-
le pouvant fournir au sujet un parmi deux élé-
ments de choix pouvant être sélectionnés de
manière alternée en tant qu’information visuelle
comportant un stimulus ;
une unité d’activation capable de délivrer, en
fonction d’une activation à partir du sujet, une
instruction indiquant que l’un parmi les deux élé-
ments de choix est sélectionné ; et
une unité de commande pouvant commander
l’unité de fourniture d’informations dans le but
de délivrer au sujet l’élément de choix, et pou-
vant analyser des informations destinées à vé-
rifier l’apparition de la démence sur la base de
l’instruction entrée à partir de l’unité d’activation,
dans lequel l’unité de commande comporte :

une unité de fourniture de stimulus pouvant
délivrer un stimulus cible délivrant une plu-
ralité de fois l’un des deux éléments de
choix en tant qu’information visuelle par l’in-
termédiaire de l’unité de fourniture d’infor-
mations, et l’unité de fourniture de stimulus
pouvant délivrer un stimulus signal qui
constitue des informations visuelles impo-
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sant l’un des deux éléments de choix pen-
dant une période prédéfinie par l’intermé-
diaire de l’unité de fourniture d’informations,
avant de délivrer les stimuli cibles à chacu-
ne de la pluralité de fois ;
une unité de mesure pouvant mesurer un
temps de réponse à partir de la fourniture
du stimulus cible par l’unité de fourniture de
stimulus jusqu’à la réception de l’instruction
délivrée par l’unité d’activation ;
une unité de calcul de temps moyen pou-
vant calculer une valeur moyenne des
temps de réponse mesurés par l’unité de
mesure ;
une unité de mémorisation capable de mé-
moriser préalablement des valeurs moyen-
nes de référence préparées préalablement
par rapport à une pluralité de sujets com-
portant un patient atteint de démence et une
personne autre que le patient atteint de dé-
mence, les valeurs étant des valeurs
moyennes des temps de réponse au stimu-
lus délivré par l’unité de fourniture de
stimulus ; et
une unité de création de données pouvant
créer des données, dans laquelle la valeur
moyenne des temps de réponse obtenus
en ce qui concerne un sujet spécifié par
l’unité de calcul de temps moyen est com-
parée aux valeurs moyennes de référence.

2. Dispositif de vérification de l’apparition de la démen-
ce selon la revendication 1, dans lequel :

les stimuli signaux comportent un stimulus si-
gnal de validité pouvant imposer préalablement
un élément indiqué par le stimulus cible, et un
stimulus signal d’invalidité pouvant imposer
préalablement un élément opposé à l’élément
indiqué par le stimulus cible,
l’unité de calcul de temps moyen peut calculer
une valeur moyenne des temps de réponse ex-
cluant le temps de réponse au stimulus cible
après la fourniture du stimulus signal d’invalidi-
té, et
l’unité de mémorisation peut mémoriser préala-
blement une valeur moyenne de référence ex-
cluant le temps de réponse au stimulus cible
après la fourniture du stimulus signal d’invalidi-
té.
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