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(e AVIERZRV] REEFHE, BrhahrdbLlhIdaA. HE, Sk
W E380nm~780nmD W G FUS T 5 2 L ICHDIRETH Y, HIBFPILHE AT
FETHLAEINERRT LN TETT. LirL, ZHNEZIT-2)KZDT2
LAY ERLZLIEITEIERA. HIZE, PROBEAIE, Ko HEIZEW Iz
VO EE IR ETHRTWEZ IR £, KB SHEIETS2ETOL A
VORNWEIRZFEA. T2, BOEBRTY Y Y54 b2 05 L, EELIZTME
WCHEAFE IS, RCTRE L7z 7Y AL LTRAECHE 50T, K
b—EOWLEERDFET. L2L, LR ) FRS)THHEREOe ) D
HNZzRAZEITEIEA. BRI, HEOXHIZ, ©h YU BERREDH B0
FIEHOER L CIRIEZ L) WA TY. Z8Ero VK520 55013,
HAERKAHNTHEL L THRIEMEZ S 25T, d LRAMI 2T, H ko HimesE
EWEIWAHLTH, BREESREWHIZEIZRDET. ZDXHITERDLE, LAY
ZWB72DIE N ¥ FOHEPARUR (RADKR—=NVIROH ¥ F) T, 7 F23%1F
E, AV IEHORTETYTHIARLEFTEHIZLICARY, HTRA2ZLIITE
FHA. IS, CAURRTNE, HYFREBRTHIEEMLLLAVIT. AL
CELWAZYFIFLELTD, LHURRITIZON ¥ F2R1EMCHRTIZ L
T ERA. bHAHA, M, BWETH -EOHPATH Y FE2IHT L LITTE
F5H, A FORBERELSICHDLZMAIIBEOERICLZ DO KREVEED
NFEF. COXHE, A A FFREEAROLNGHRIDTH DI LHHND
I3, T, AVEAZFPHEETNEA I FRRZ00ENwH &, ZRTTHy
TEdHY FHA. FIZIE, AVKE BRI 3T UG OMKD FIZE W3
HEEZTATIE V. EBICR, TREABOMODTI 5T XMW 257
DIZ, Vo THERENRRTEX LRI T, BENIEYEEOh, EEOES
BOTHEuHIE, REEZHEBTLIZLIITEIEA. BASRELL NI FEHRD
BT SR DE WD ZVE, A¥FR2RBRTHI LR TELZNILIIARY T
. ZopliE, BNGELRL A FLEEROMNILOBETLAZ2Y, b LRKROA ¥
FORTMOW 2 S3AN—HThHIE, H ¥ FRTHLIMNTHLE0 % REDS
LIIOTHELS 2D 9. B, MBI X > TSNS [HIROE
WERMLE)EHN] 5 3DDASFEHIALTVE I L) 3. WEOMKER, T
LbHLESMiIE, [H5FZDODD (ENZFNOYFHTOERRZ bV) ], [H5FD
A (B LIGEMRE) 54il, TeAa)okmpoms (EufEtk) ] k- Tk
50T, ZO3IEXRZIY b= VT 5 LMEMiZBIETAIENTETYT. 2
DEIBREZICHTE, REESME Iy bu—L LCREE RO ARG OH 2 X
B —RRICT AR, RO EBVWTWADICIERMALE A Y 2 MK TTVE LS
e WEE A 2 BT B8, BB Z AN TV A DI OW 5 S —hk & 7 5B M3
SAi RO OMERE, A BRMBECRIMATE T L hbo—Hoifs%
EEEBLOMTEE BEZ D LATE, SHEEMED 74—V T, h)EAYF
ZHMAGDLEZFH LS A TOEREZHEL T S ENTEMELEZTVET
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The Change of Spatial Ability with Age
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Hiroshi SAKUTA', Sayuri NISHIHARAZ?, Kazuyuki NISHIHARAS®, Emiko TSUTSUMI* and Kenjiro SUZUKI®
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Abstract

In order to get some insight into the change of spatial
ability with age, Sakuta, H. et al., Nishihara, S. and
Nishihara, K. and Tsutsumi, E. et al. performed the Mental
Cutting Test (MCT) to middle- and old-aged people. In this
paper, the results of these research works are summarized.
Principal results are as follows. (1) The mean scores of the
MCT of ordinary people reach peaks at around 30 age and
then decreases with age. The mean scores for people aged
60 years and above who have retired from their jobs are
significantly lower than those of middle-aged people. (2) On
the other hand, the mean scores of mechanical engineering
designers keep the peak score up to 50 age, suggesting
that daily activities in paying close attention to three-
dimensional shapes play a key role in keeping high scores
in the MCT. (3) The mean scores of the MCT for middle-
aged male are significantly higher than those for female.
The sex difference disappears for the people over 60 years.
The analyses on correct answer rates of the individual
MCT problems and the comparison of the change of the
Mental Rotation Test (MRT) score with age are also
discussed.
Keywords: Spatial ability/Mental Cutting Test/Change with

age

BE

fEAHEE], PEUNE A - T —5, JRILEFS 3 - &
ERE IS LTMCTR2 %t L7z, AWmZicBwTi, h
SO L, EREHINTELIA~REAICIBITS
MCTH#EDOKE R % P8C, MR OERHZEIIZOVT
HR Lz FELBEREIUTOED (1) —EE A0
MCTHMIF30HAETE =212 L, 20k, FEime s dic
WAT B, B L 7260540 Lo g o 3915 s AR #
JE O E LD A TR, (2) —, BEWEEEHE
DVTIRS0RINEF CY -7 iz i 5. oz iy, A%
I 3 RICIEIRICTEZE 2309 S &A%, MCTIZB W TN
EHEHET A DI EE LB ER L TWBE I LEREL T
5. (3) PEERBICB W TIE B OIS M Lt 2 A1
Ll 5 TWa A, 60 ETIZZ MMM T 5. flic
MCT O & OFIEO IR O 2 bR, MRT O EZ AL
LORBEEREHITo 72,

F—7— K B DRI T A b ERZAE

1. Introduction

One of the most important goals of early undergradu-
ate graphics education is to enhance the students’ spatial
ability, which is one of the most important abilities of
human beings. It is especially important for engineering
designers, architects and plastic artists. Since 1980s,
many research works have been made to evaluate stu-
dents’ spatial ability by using the Mental Cutting Test
(MCT) as an indicator. These works have been made not
only for university students'®’, but also for elementary-,

¥l and show

junior high- and senior high-school students
the followings: (1) The mean score of the MCT increases
gradually from upper grade of elementary school to uni-
versity students, (2) Sex difference appears with the in-
crease of the score. It appears at around grade six of ele-
mentary school students. The mean scores of male
students are higher than those of female students. (3) The
scores of the MCT can be increased through geometry
and graphics education. The scores of the MCT for mid-
dle- and old-aged people are, however, still open.

In order to get some insight into this open problem,
Sakuta, H. et al.", Nishihara, S. and Nishihara, K."",
and Tsutsumi, E. et al.” performed the MCT to middle-
and old-aged people. In this paper, the results of these re-
search works are summarized. The analyses on correct
answer rates of the individual MCT problems and the
comparison of the change of the Mental Rotation Test

(MRT) score with age are also discussed.

2. Survey Method

The MCT (a sub-set of CEEB Special Aptitude test in
Spatial Relations, 1939) was first developed in USA to
test the spatial ability of college applicants, and has been
used in many countries to evaluate spatial ability of uni-

versity students. In the MCT, subjects are asked to deter-

BERR 53% 1% GE5160%) PRsIEs A 3



mine true sections after being given pictorial views of
objects and cutting planes. A sample problem is shown
in Figure 1. The test contains 25 multiple choice items
with one correct option and four distracters. The proce-
dure for scoring is to give 1 point for a correct answer
and none for an incorrect one. So, the prefect score is 25.

The time limit is 20 minutes.

./'

I
J

Figure 1: A sample problem of the MCT

Sakuta, H. et al. performed the MCT to students of
College of Science and Engineering, Aoyama Gakuin
University and graduates from the College. The gradu-
ates were from 30 age to 50 age, and most of them were
company employees (hereafter, middle-aged people) “,

Tsutsumi, E. et al. performed the MCT to people aged
60 years and above (hereafter, old-aged people) who
were the members of associations of like-minded people
at the Tama-city welfare center. They had already retired
from their jobs, which were company employees (27%),
public employees (12%), self-employment (6%) and oth-
ers (55%, including housewives). Tsutsumi, E. et al. also
performed the MCT to middle-aged people who were the
family members of students at Otsuma Women’s Univer-
sity. Many of them were company and public employees
(80%)".

Nishihara, S. and Nishihara, K. applied the MCT to
mechanical engineering designers, whose carriers ranged
from less than one year to over 15 years. They were from

20 age up to 50 age'".

3. Results and Discusssion

The MCT scores taken by Sakuta, H. et al, Tsutsumi,
E. et al, Nishihara, S. and Nishihara, K. are summarized
in Table 1. In this table, are also shown the MCT scores

57 which were used in the discus-

of university students
sion in Ref. [2] .
Their discussion, together with some additional dis-

cussion, are shown in the next sections.
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Table 1: MCT scores

STUDENTS [4,3,7]

Male Female
Age ™ T o N M| o N
20| 171 | 3.8 16[4] | 142 | 3.9 5 [4]

20 158 | 46 | 1359[3] | 114 | 46| 109[7]

MIDDLE-AGED [2,4]

Male Female
Ade ™ T o | N M| o |N
30| 183 | 34 14| *1 | 158 | 28| 5| *2
40 17.2 3.9 29 11.9 4.1 8
50| 155 | 4.1 25 103 | 29[ 10
Total 16.8 4.0 68 | *3 | 12.0 3.8 |23

(These data are calculated from the original works in Refs. [2] and
[41)

ANOVA and Tukey-tests show the followings:

*1: The mean shows statistically higher tendency than that of 50
age (10%).

*2: The mean is statistically higher than that of 50 age (5%).
T-tests show the followings:

*1: The mean is statistically higher than that of students in Ref. [3]
(5%).

*2: The mean is statistically higher than that of students in Ref. [7]
(5%).

*3: The mean is statistically higher than that of female (1%).

OLD-AGED [2]
A Male Female
9 M [ s | N M [s [N
60 6.5 3.4 15 71 3.4 | 38
70 6.3 25 20 56 3.2 | 45
Total 6.4 2.9 35| *1 6.3 33 (83| "
*1: The mean is statistically lower than that of middle-aged people
(1%).
MECHAN. ENG. DESIGNER [1]
Male Female
A®® VM To [N M [ o [N

20 186 | 4.5 63 - - -
30 201 3.7 60 | *1 - - =
40 198 | 3.8 31 - - -
50 18.8 3.5 11 -
Total 194 | 40| 165 | *2 15.7 | 55|17
(These data are obtained from the original work in Ref. [1])
*1: ANOVA shows that there are no significant differences
between the mean scores of 20 to 50 ages.

*2: The mean is statistically higher than that of female (1%).

3.1 Mean Scores

Figure 2 shows the change of MCT scores with age. In
this figure, are also plotted the change of MCT scores for
elementary, junior high and senior high school students
(6-17 years old)"” and for university students™ ",

As shown in this figure, the mean scores of the MCT
reach peaks at around 30 age and then decrease with their
age[z’ . The decrease is steep from 50 age to 60 age for
male, while it is rather gradual for female. On the other
hand, the mean scores for the mechanical engineering
designers keep the peak up to 50 age. The mean scores
for the old-aged people, who have already retired from
their jobs, are significantly lower than those for the mid-
dle-aged people. These results suggest that daily activi-

ties in paying close attention to three-dimensional shapes,



such as in mechanical engineering design, play a key role
in keeping high scores of the MCT.

It is noted here that the mean scores for the old-aged
people are almost equal to those for 4th-5th grades of el-
ementary school students.

With regard to sex difference, the scores of the mid-
dle-aged people and mechanical engineering designers
for male are significantly higher than those for female.
The sex difference, however, disappears in the old-aged
people.

In Figure 2 are also plotted the change of MRT scores
with age™. The MRT scores reach peaks at around 20
age, slightly younger than the peak age for the MCT (30
age). Sugai, Y. and Suzuki, K. indicated that the MCT

reflects the Spatial Visualization Factor (in spatial ability,

SVF), while the MRT reflects the Speeded Rotation Fac-
tor (in spatial ability, SRF)". It should be recalled here
that the difference between the SVF and SRF is perfor-
mance dimensions: speed and accuracy, which are com-
plementary but separate processes. When the task is sim-
ple enough to allow high accuracy such as in the MRT,
the speed of spatial information processing becomes the
discriminating factor. Conversely, when more complex
task are used such as in the MCT, accuracy is con-
strained, and, accordingly, the importance of speed is re-
duced.

The difference of the peak age between the MCT and
MRT may be the results of the decrease in spatial infor-

mation processing speed with aging.

25

20

15

MCT scores

10

0 5 10 15 20 25 30 35 40 45 50 55 60

Age

40

35 MCT
—@— Middle- and Old- aged (M) [2,4]
30 —a&— Middle- and Old- aged (F) [2,4]

--@ - Mechan. eng. designer (M) [1]
| % --&-- Mechan, eng. designer (F) [1]
--e--5chool children (M) [9]
--A=--5chool children (F) [9]
©  Univ. students (M) [3.4]

A Univ. students (F) [4,7]

20

MRT scores

| 15

10
-=e--MRT (M) [8]
==»==MRT (F) [8]

5

0

65 70 75 80

Figure 2: Change of the MCT/MRT scores with age

3.2 Correct Response Rates for Individual Problems

Figure 3 shows the correct response rates of individual
problems for the mechanical engineering designers, uni-
versity students, middle-aged and old-aged people. The
rates are plotted in ascending order to those of the stu-
dents. We will refer to problems whose correct response
rates one SD or more above the mean as “Easy prob-
lems”, and problems whose correct response rates one
SD or less below the mean as “Difficult problems”.
These problems for each group are summarized in Table
2.

As shown in Figure 3, there is a rough correspondence
between the order of the correct response rates for the
four groups, though the average of the correct response

rates of all the 25 problems for the mechanical engineer-

ing designers is higher than those for the students and
middle-aged people, and that for the old-aged group peo-
ple is lower than those for the students and middle-aged
people. Moreover, easy- and difficult-problems are ap-
proximately similar in these groups. These results show
that the relative difficulty of the respective problems are
similar for these four groups. The correct response rates
of No.3 and No.2 for the old-aged people are, however,
relatively higher than those of the other problems and al-
most equal to those for the students and middle-aged
people. As shown in Figure 4, a prism and a circular cyl-
inder is cut in No.3 and No.2, respectively. These cutting
manipulations are very simple, and familiar in daily life
such as cutting of vegetables, fruits and cakes.

Wu, H. and Suzuki, K. analyzed incorrect alternatives

BISEREgE #553% 1% GI%160%) TR31ES)] O



1.00

0.80

0.60

0.40

Correct response rate

0.20

0.00

=4~ Univ. student (M+F) [3,7]
—-4--Mechan .eng. designer (M) [1]
—o— Middle-aged (M+F) [2]

—+— Old-aged (M+F) [2]

251323 9 142417221219161821 7 20102154116 5 8 1 3
Problem Number

Figure 3: Correct response rates for individual problems

Table 2: Easy- and Difficult-problems / Non-response problems

Difficult Problem

Easy Problem |

Mech. eng. designer (M) | 25 | 13| 23 9 24 3 1 8 5 11

Univ. students (M+F) 25| 13| 23 9 3 8 5 6
Middle-aged (M+F) 25 23 91| 14 3 1 8 5 11
Old-aged (M+F) 25 14 3 8 11 2

High non-response problem

Low non-response problem |

Old-aged (M+F) 20

19] 23] 12| 24| 18| 2|

8] 11| 13| 9| 3]

A @

No.3 No.2
Figure 4: Easy-problems for the old-aged people

in the MCT selected by elementary school students and
indicated that lower grade of elementary school students
felt difficulties in understanding “cutting” manipulation
itself and in changing “the line of sight”™. It is noted
here that relatively high correct answer rates for No.3
and No.2 show that the old-aged people do not feel such
difficulties.

3.3 Non-response Problems

Some subjects did not select any alternatives in some
problems. We will refer to these problems as “Non-re-
sponse problems”. Figure 5 shows non-response rates for
individual problems, together with correct response rates,
for the old-aged people, in ascending order to non-re-

sponse rates. In this figure are also shown non-response

6 Journal of Graphic Science of Japan Vol. 53 No. 1 /Issue no. 160 March 2019

rates for the university students. The average of non-re-
sponse rate of all 25 problems for the old-aged people is
12%, much higher than those of the elementary school
students (4%)" and university students (1%)". We will
refer to problems whose non-response response rates one
SD or more above the mean as “High non-response rate
problems”, and problems whose non-response rates one
SD or less below the mean as “Low non-response rate
problems”.

As shown in Figure 5 and in Table 2, high non-re-
sponse rates problems for the old-aged people are no. 20,
19, 23, 12, 24 and 18. These problems are shown in Fig-
ure 6. As shown in this figure, the objects which are cut
have deep grooves or are constructed by combination of
multiple solids. These results show that the old-aged peo-
ple tend to keep away in answering the problems whose
objects have complicated shapesm. The effect of the
non-responses to the MCT score reaches “3” points at
most, corresponding to approximately 50% of their mean
score. The high non-response rates may be one of the

causes of the low MCT scores for the old-aged people.



0.30

o =
e B
«n =]

Non-response rate

k=]
=
o

, 0.80

0.80
0.70
@
-
060 &
W [ Correct response rate
0.50 g Old-aged (M+F) [2]
by —e— Non-response rate
040 & Old-aged (M+F) [2]
—
§ =& = Non-response rate
0.30 S Univ. student (M) [3]
]
0.20

i
0.00 k-
2

Problem number

U ¥ --J}E‘H

811139 3 1154 7 211017 5 14252216 6 1824122319 20

0T -

Figure 5: Non-response rates
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Figure 6: High non-response rate problems for the old-aged
people

4. Summary and Conclusions

Sakuta, H. et al., Nishihara, S. and Nishihara, K. and
Tsutsumi, E. et al. performed the MCT to middle- and
old-aged people. In this paper, the results of these re-
search works are summarized. Principal results are as
follows.

(1) The mean scores of the MCT of ordinary people
reach peaks at around 30 age and then decreases with
age. The mean scores for the people aged 60 years and
above who have retired from their jobs are significantly
lower than those of the middle-aged people.

(2) On the other hand, the mean scores of the mechan-
ical engineering designers keep the peak score up to 50
age, suggesting that daily activities in paying close atten-

tion to three-dimensional shapes play a key role in keep-

ing high scores in the MCT.

(3) The mean scores of the MCT for the middle-aged
male are significantly higher than those for female. The
sex difference disappears for the people over 60 years.

(4) There is a rough correspondence between the order
of the correct response rates of individual MCT problems
for the mechanical engineering designers, university stu-
dents, middle-aged and old-aged people. These results
show that the relative difficulty of the respective prob-
lems are similar for the four groups.

(5) The old-aged people tend to keep away in answer-
ing the problems whose objects have complicated shapes.
This may be one of the causes of the low MCT score for

the old-aged people.
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Toward Chandigarh- The Play of Images by Le Corbusier
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Abstract

The purpose of this paper is to clarify his first realized
city design, the new capital (Chandigarh), as a synthesis of
images by Le Corbusier beyond the genres: paintings,
architecture, urban designs. To fulfill the task, I collected his
images and relating texts from his letters and his
sketchbooks. Next we surveyed the birth and developments
of Chandigarh. Furthermore we clarified the relations
between them and his urban/ architectural designs of
Chandigarh. As a result we could situates his urban/
architectural design of Chandigarh as follows: Chandigarh is
not only the birth of a new capital, but also the creative play
of images, which is crossing over the boundaries among
different genres, brought together under the context (light)
illuminating the place.
Keywords: Theory of design / City design / Le Corbusier /
Chandigarh / Indian architecture
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An Experimental Trial of Mobile Device Web-based Explanations for Museum Exhibitions
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Abstract

For museums, it is often difficult to find the best location
for explanatory notes. We therefore trialed mobile device
web-based explanations for museum exhibitions. This made
it easier to understand the viewpoints and the relationship
between the website displays and the exhibition photo
spaces. Collaboration with two museums made it possible to
compare different viewpoints for similar exhibits. The goal
being to encourage users to collaborate with the museum, in
order to gain a broader (and deeper) understanding of the
exhibits: the website guides users’ interests and improves
observation. The result of the preliminary experiment was
that 60.6% of users replied that there was increased interest
and discovery by using the website. Also, 78.8% of users
replied that they were interested to read two of the
explanatory notes. In addition, by using exhibition space
photos, users could easily select exhibits to obtain
information, and intuitively navigate with icons that use the
museums’ symbol colors. Further study, to investigate
whether there is a guidance effect to other museums on the
website, is planned.
Keywords: Spatial cognition / Museum / Mobile devices / Icon /
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Change of Graphic Science Curriculum and Spatial Abilities Evaluated by Mental Cutting Test

MR RZEF  Kumiko SHINA
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7 2 M98 247 ) BHH O R T MCT 15 2503 1,
Abstract CAEBAEERDON WS LU ISEsShT& 7 F72,

At the College of Arts and Sciences of the University of Tokyo,

w13 25y o 485 e 78

students that had enrolled up until 2014 learned descriptive DA 2 00 Gl FE B AT 0 MCT Akl & AR GRBRA 1 &

geometry based on hand drawings in the second semester and DOBRIZOVWTIE, £ DEETI2~03GDHE LM

graphic presentation through the use of 3 D-CAD/CG in the third BSHES T 7 [3106]

semester. For students who had enrolled from 2015 onwards the . ' "

contents in each semester was switched. To gain some insight into ZRBORENRIGEH ) F 25 A TR, P OfF

whether the modified curriculum influences the improvement of 12 & 5P %2 %5012, 3D-CAD/CG ¥V 7 b

students’ spatial ability, the Mental Cutting Test(MCT)was given - . NN 2
e P y c o ¢ v =T RO ER R BETH 5. TS E 5

prior to and after each of the two graphic science courses. The

trend of significance on the difference between mean scores in the «S%‘H??Eﬂ@lllﬁﬁﬁi%ﬁcl Lozl & T, Zh 5 @@[ﬁ”:%

MCT prior to and after each course is inconsistent between fiscal LT B0 EIDEHRBEDD, KEfEOHMTH

years 2016 and 2017. Continuous investigation is required to

examine the influences of the modified graphic science curriculum. .

The results of our investigation suggest that students who attend EHBOBEBA)F 2T 20D & T, 20164EEIZHEE

tlTe class of desc'r'iptive geometry based on hand drawings have a L 513, s (T %) OFHZOFBT

higher spatial ability when evaluated by the MCT. e e e

Keywords: Spatial ability, Graphic education, Mental Cutting Test 1 MCT 13 RO P39 RUED A RS %%, 3D-CAD/CG Y
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