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Th is  pape r discus s e s  Matsus h ita Ele ctric 
W ork s ' strate gie s  for de s igning e q uip-
m e nt from  th e  vie wpoint of Ergonom ics  
and Kans e i Engine e ring to as s ist th e  e ld-
e rly. W e  re fe r to Unive rsal D e s ign ph ilo-
soph y re late d to th e  de ve lopm e nt of 
e q uipm e nt to as s ist e lde rly pe ople . W e  
conducte d e rgonom ic e xpe rim e nts  in re -
lation to th e  de s ign of h andrail and toi-
le t. Us ing th e  e valuate d Kans e i data, w e  
built th e  principle  of body pre s sure  scat-
te ring on toile t s e at and applie d th at 
principle  to find th e  m ost com fortable  
toile t s e t-up.

In 2005, Japan's  aging ratio for ove r 65 
ye ars  of age  was  19 .9 % of th e  popula-
tion and is  pre dicte d to be  27.8% in 
2020. Japan functions  as  a supe r-age d 
socie ty com pare d to th e  re st of th e  
world. In addition, Japan’s  life  e xpe ct-
ancy is  be com ing large r. O ne  pre diction 
is  th at in th e  future  75% of 50 ye ar olds  
w ill survive  to 100 ye ars  of age .

Th e  policy of 'Unive rsal D e s ign' 
e m e rge d from  th e  U.S.A. and h as  spre ad 
q uick ly th rough out th e  world. Th is  way 
of th ink ing affe cte d Japan's  bus ine s s  as  
to aging and it is  now  com m on s e ns e  to 
de ve lop e q uipm e nt to im prove  th e  w e l-
fare  and w e ll-be ing of th e  e lde rly. Mat-
sus h ita Ele ctric W ork s  starte d e arly in im -
ple m e nting th e  Unive rsal D e s ign 
ph ilosoph y in product de ve lopm e nt for 
th e  e lde rly and be gan s e lling 'Ik i-Ik i 
Goods ' (goods  for activating th e  e lde rly) 
in 19 9 1. Th e s e  w e re  re late d to de ve lop-
ing e q uipm e nt for th e  h om e , and th e n, 
in 19 9 7 'Age -fre e  Bus ine s s ' was  e stab-
lis h e d as  one  of th e  m ost im portant com -
pany strate gie s  in providing th e  e lde rly 
h om e -bas e d goods  and re late d s e rvice s. 
In 2001, Matsus h ita's  com pany policy 
ch ange d from  th e  'barrie r-fre e  conce pt' 
to 'unive rsal de s ign ph ilosoph y'. Th is  be -

cam e  th e  fundam e ntal strate gy re gard-
ing h om e -bas e d products  and syste m s. 
Th e  de ve lopm e nt of such  e q uipm e nt 
and syste m s  h as  be e n bas e d on h um an 
factors , e rgonom ics , and Kans e i e ngin-
e e ring.

Kans e i e ngine e ring was  founde d by Mit-
suo Nagam ach i th re e  de cade s  ago at 
H iros h im a Unive rs ity1. It is  de fine d as  
'translating te ch nology of th e  us e r's  psy-
ch ological and ph ys iological de m ands  
into de s ign spe cifications  to de ve lop th e  
e xce lle nt goods  fitting th e  us e r’s  de -
m ands '. Kans e i e ngine e ring h as  be e n 
utiliz e d to de ve lop ne w  products  in 
Japan and in th e  world. It h as  th e  capab-
ility to cre ate  products  th at satisfy cus -
tom e rs  be caus e  th e  products  are  de -
s igne d to m atch  th e ir fe e lings  and 
de m ands. Th e  te ch nology h as  be e n and 
w ill be  applie d to th e  de ve lopm e nt of 
th e  w e lfare  care  e q uipm e nt fie ld and to 
th e  products  for e lde rly pe ople .

APPRO ACH  TO  SUPPO RTING TH E ELD ERLY

In 19 9 7, Matsus h ita Ele ctric W ork s  
be gan to h e lp pe ople  w h o ne e d spe cial 
care  unde r th e  com pany strate gy nam e d 
'Age -fre e  policy' th at com bine d th e  con-
ce pts  of 'barrie r-fre e ', 'stre s s -fre e ', and 
'care -fre e '. First, w e  provide d ne w  
products  for e q uipm e nt to as s ist th e  e ld-
e rly in th e ir dw e llings  or h om e s. Cur-
re ntly Matsus h ita provide s  as s istive  s e r-
vice s  and h om e  m anage m e nt s e rvice s  
and oth e r care  s e rvice s  for th e  e lde rly, 
and e q uipm e nt for sale  to as s ist th e  e ld-
e rly, re m ode lling e lde rly pe ople ’s  
h ous e , e tc.

Th e  unive rsal de s ign (UD ) conce pt pro-
pos e d by Profe s sor Ronald Mace 2 h as  
spre ad th rough out th e  world and sug-
ge sts  th at de s ign s h ould be  cre ate d for 
all us e rs. Th e re fore , products  de s igne d 

Re s e arch  and products  of M ats us h ita 
Ele ctric W ork s  for th e  aging s ocie ty
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unde r th e  UD  conce pt are  to be  e as ily op-
e rate d and com fortable  re gardle s s  of 
age , s e x, race , h um an s iz e , m e ntal abil-
ity, e tc. of th e  us e r. Matsus h ita be gan de -
ve loping all products  us ing th is  ph ilo-
soph y.

Th e  founde r of Matsus h ita Corporation, 
Konosuk e  Matsus h ita, us e d to e ducate  
e m ploye e s  unde r alm ost th e  sam e  
policy as  UD . H e  said th at Matsus h ita 
s h ould produce  products  bas e d on ‘cus -
tom e r-orie ntation‘. Th is  h as  be e n th e  
com pany’s  policy for a long tim e , so it 
prove d not difficult to im ple m e nt th e  
UD  conce pt on a com pany-w ide  bas is .

W e  starte d th e  UD  ph ilosoph y w ith  th e  
re aliz ation of sym bios is  from  com bining 
m anufacturing de s ign, dw e lling de s ign 
and town-building de s ign, and w e  re con-
structe d UD  ph ilosoph y, unifying two dir-
e ctions  of usability and contributions  to 
m ore  pe ople . To re ach  th e s e  obje ctive s , 
w e  focus  on UD  is s ue s  in a s ix-ph as e  pro-
ce s s , as  follow s :
(i) Unde rstandable  ope rations ,
(ii) Cle ar display and e xplanation,
(iii) Com fortable  posture  and action,
(iv) Move m e nt and space ,
(v) Safe ty and s e curity anxie ty,
(vi) Us e r e nvironm e nt.

Th e  UD  is s ue s  are  e xam ine d at e ach  
stage  of ide a building and planning, 
trial, m anufacturing, de s ign, and re vie w .

A list of UD  products  in Matsus h ita Ele c-
tric W ork s  include :
(i) a staircas e  w ith  fire fly ligh ting: a low  
le ve l ligh ting th at autom atically 
sw itch e s  on w h e n going to th e  toile t dur-
ing th e  nigh t, (ii) a s itting wagon in th e  
k itch e n, (iii) a k itch e n th at accom m od-
ate s  a w h e e l ch air, (iv) a dre s s ing table  
unit, (v) a dre s s ing table  accom m odat-
ing a w h e e l ch air, (vi) a cloth e sline  in 
th e  room , and (vii) a toile t w ith  arm  
stands  (TRES, Figure  1).

PRACTICAL USE O F ERGO NO M ICS O R  K AN -

SEI ENGINEERING

Aging affe cts  h um an ability and func-
tion. Any de cre as e  of brain ce re bral 
function m ay influe nce  m any aspe cts  
s uch  as  m uscular stre ngth , ph ys iologic-
al functions  of vis ion, h e aring and oth -
e rs  as  w e ll as  w e ak ne s s  of m e m ory and 
judgm e nt. Applications  of e rgonom ics  
and th e  Kans e i e ngine e ring to dw e lling 
de s ign h ave  strong im plications  for UD  
cons ide rations  s upporting q uality of life  
(QO L).

Ergonom ics  of h andrails
In th is  s e ction, w e  focus  on two as s ist-
ive  te ch nology cas e s  applie d to dw e lling 
de s ign from  th e  vie wpoint of e rgonom -
ics  or Kans e i e ngine e ring. First, w e  con-
ducte d a surve y about us e  of h andrail at 
h om e . About 3,000 e lde rly pe ople  w e re  
as k e d and 1,165 pe ople  answ e re d th e  
q ue stionnaire  (Figure  2). Th e  pe rce nt-
age  of e lde rly us ing th e  staircas e  h and-
rail at h om e  w ill incre as e  w ith  advancing 
age . Th e  staircas e  h andrail is  im portant 
in th e  pre ve ntion of falls 3.

W e  conducte d s e ve ral e rgonom ic e xpe ri-
m e nts  to ide ntify th e  factors  re garding 
th e  be st h andrail fit for th e  e lde rly. 
Age d subje cts  wore  EMG (e le ctrom yo-
gram ) s e nsors  on th e  le gs  and EMG was  

Figure  1. An e xam ple  of UD  products, a 

toilet w ith  arm  stands nam ed TRES 
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m e asure d w h e n ste pping up and down 
th e  staircas e . Force  plate s  m e asure d 
body sw ift. Com paring w ith  and w ith out 
h andrail (Figure  3) s h ow s  th at 20% force  
re duction was  re ach e d w ith  th e  stair-
cas e  h andrail. In th e  ne xt e xpe rim e nt, 
w e  s e t up EMG s e nsors  on th e  s ubje ct's  
le gs. Th e  e xpe rim e nt s h ow e d th at th e  
us e  of a h andrail was  as sociate d w ith  a 
40% re duction in th e  oscillations  of th e  
EMG (Figure  4).

W h y can th e  usage  of staircas e  h andrail 
save  force  so m uch ? W h e n ste pping up 
and down, e spe cially w h e n ste pping 
down, standing on two le gs  is  not stable  
and safe . Th e  e lde rly h ave  le s s  m uscular 

stre ngth  and th e y sw ing th e ir body 
w h e n ste pping down. But if th e y grasp 
th e  staircas e  h andrail, a th re e -point sup-
port aris e s : two fe e t and one  grasp of 
th e  h andrail. Th is  incre as e s  e lde rly sta-
bility. Th e  e xtra le g stability save s  unne -
ce s sary e xpe nditure  of e ne rgy in k e e p-
ing a stable  body posture . Th e re fore , a 
staircas e  h andrail is  us e ful and e ffe ctive  
for th e m  for ste pping down safe ly4.

Entryw ay h andrail
In a typical Japane s e  h ous e , th e re  is  a 
sm all ste p (Kam ach i) at th e  e ntrance , 
w h e re  pe ople  tak e  off th e ir s h oe s  to go 
ins ide . W h e n going outs ide , th e  e lde rly 
h ave  difficulty putting on th e ir s h oe s  
w h ile  standing up. If th e re  is  a ve rtical 
bar (h andrail), th e y can us e  it w h e n 
standing up.

W e  m e asure d th e  body ce nte r of gravity 
of e lde rly subje cts  by m e ans  of th e  
force  plate  w h e n putting on s h oe s  and 
standing up. Th e  e xpe rim e ntal re sults  
s h ow e d th e  large  and th e  sm all sw ing in 
m ove m e nt w ith out and w ith  h andrail, re -
spe ctive ly (Figure  5). Both  h oriz ontal 
and sloping h andrails  tilte d 30-40 de -
gre e  appe are d e ffe ctive  for th e  e lde rly 
and facilitate d standing-up. 

Figure  2. D istribution over age  categor-

ie s  of th e  pe rsons using a staircase  

h andrail w ith in th e  dw elling

Figure  3. Using th e  h andrail in stepping 

dow n re sulted in 20% re duction of force  

use d, as m easure d w ith  a force  plate

Figure  4. Using a h andrail in stepping 

dow n re sulted in 40% re duction of elec-

trom yogram  oscillations in th e  legs

Figure  5. O scillations of th e  cente r of 

gravity of th e  body w h e n standing up 

w ith out h andrail support (a) and w h e n 

using a sloping h andrail (b) at th e  e ntry 

of a Japane se  h ouse; Starting from  th e  

open sym bol at th e  righ t, arrow s indic-

ate  th e  ch ange s in tim e
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D e ve lopm e nt of a ne w  type  of toile t
O ur ne xt activity was  re late d to th e  de ve l-
opm e nt of a toile t fitting to e lde rly 
pe ople .
An as s isting de vice  for toile t us e  by e ld-
e rly pe ople  include s  com m only an as s ist-
ing m e ch anical syste m  cons isting of an 
oil-cylinde r e q uippe d to pus h  up th e  
bowl surface . Th at way th e  old pe rson 
can e as ily stand up. But in ge ne ral, m e ch -
anical syste m s  are  e xpe ns ive , and re gu-
lar m ainte nance  is  ne e de d. Us ing Kans e i 
e ngine e ring and th e  UD  conce pt, w e  
aim e d at providing com fort and e asy op-
e ration in toile t us e :
(i) W e  first m e asure d 20 stude nts  and 
two old pe ople ’s  h ip s h ape  and trie d to il-
lustrate   it on th re e -dim e ns ional com -
pute r graph ics. Th e  s ubje cts  cons iste d 
of m ale  and fe m ale  stude nts  and two fe -
m ale  e lde rly pe rsons , w h o suffe re d from  
a k ne e -joint injury;
(ii) W e  colle cte d 6 toile t bowl surface s  
from  diffe re nt m anufacture rs  and com -
pare d th e  s iz e , th re e -dim e ns ional sur-
face  structure  and oth e r fe ature s . All sub-
je cts  sat on th e  bowl surface s  and 
e valuate d its  fitne s s  on a 5-point scale  
on an e valuation s h e e t w ith  te n adje ct-
ive  words , calle d Kans e i words , s uch  as : 
e asy to s it, com fortable , calm , w ide ;
(iii) Expe rim e nts  w e re  conducte d to m e as -
ure  EMG on th e  fore arm  m uscle s , fe m or-
al m uscle  and gastrocne m ius  m uscle . 
To cre ate  a be tte r de s igne d toile t th at 
s h ould be  e asy to stand up from , th e  
ne w  toile t was  tilte d 5 de gre e s  in th e  
front dire ction, and w e  e q uippe d th e  toi-
le t w ith  arm  re sts  on both  s ide s  (Figure  

1). In th is  s ituation m uscle  contractions  
as  m e asure d w ith  EMG w e re  sm alle r 
w ith  th e  ne w  toile t, as  com pare d to th e  
old one . Th at is , th e  ordinal of EMG oscil-
lations  of th e  ne w  toile t w ith out arm  
re st, was  large r th an th at of th e  ne w  toi-
le t w ith  arm  re st;
(iv) Each  s ubje ct sat down on e ach  bowl 
surface  and th e ir body pre s sure  on th e  
bowl surface  was  m e asure d. Th e  data of 
3D CG (3 D im e ns ion Com pute r Graph ics) 

of h ip s h ape , EMG and q ue stionnaire  re s -
ults  of  ’com fort‘ and ’e asy standing-up‘ 
w e re  inte grate d in th e  de s ign of th e  ne w  
type  of toile t, w h ich  was  nam e d ‘TRES’ 
(Toile t re late d Ergonom ics).

Evaluation of th e  ne w  product ’TRES’
W e  aim e d to produce  a ne w  product for 
all pe ople , e spe cially for th e  e lde rly. 
Th e re fore , w e  e valuate d th e  re s ulting 
de s ign w ith  data conce rning two e lde rly 
pe rsons , w h o com ple te d 2 trials  e ach . 
EMG was  m e asure d from  a fore arm  and 
a le g, as  w e ll as  h ip body pre s sure  on 
th e  bowl surface . 

An integral value  of EMG

W e  calculate d th e  inte gral value  of EMG 
w h e n e ach  s ubje ct stood up from  e ach  
bowl surface . In th is  cas e , w e  com pare d 
a TRES w ith  and w ith out arm  support 
(Figure  6).

Th e  EMG inte gral was  calculate d for 
e ach  m uscle  on standing up from  th e  
ne w  product w ith  and w ith out us ing th e  
arm s. Th e  th re e  EMG value s  from  th e  
fore arm  m uscle s , th e  fe m oral m uscle , 
and th e  gastrocne m ius  m uscle  w e re  s e t 
at 100% w h e n standing up from  a nor-
m al toile t.

Muscle  activity of th e  fore arm  s h ow e d 
no de cre as e  w h e n us ing TRES w ith out 
arm  support. O n th e  oth e r h and, both  
TRES w ith  arm  and w ith out arm  support 
gre atly de cre as e d th e  EMG activity from  
th e  gastrocne m ius  m uscle . Th e  re ason 
of th is  ste m s  from  th e  s urface  of TRES 
th at slope s  5 de gre e  forward. Th is  s up-
ports  e asy standing up for th e  e lde rly. If 
a TRES w ith  arm  support is  us e d th e  
EMG inte gral de cre as e s  to 72% for th e  
fore arm  m uscle s  and 73% for th e  fe m or-
al m uscle .

From  th is  e valuation e xpe rim e nt w e  
m ay conclude  th at th e  ne w  toile t de s ign 
e as e s  standing-up be h avior, w ith out th e  
ne e d of an active  m e ch anical support.
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Body pre ssure

W e  conducte d anoth e r e xpe rim e nt for 
e valuating th e  e ffe ctive ne s s  of th e  ne w  
product as  to toile t s e at com fort. From  
th e  m e asure m e nt of th e  s ubje ct h ip 
s h ape , w e  conclude d th at:
(i) Th e  back yard are a of th e  s e at s h ould 
be  w ide r to s e cure  a safe r fe e ling,
(ii) Both  s ide s  of front are a of th e  s e at 
th at touch e s  th e  low e r part of th e  th igh s  
s h ould be  low e r and curve d down, com -
pare d to th e  front ce nte r line ; th is  
curve d discre pancy e nable s  a soft touch  
to th e  low e r part of th igh s .
(iii) It us e d to be  said th at a good ch air 
w ill h ave  th e  body pre s sure  ce nte re d at 
two points  unde r th e  h ipbone  node  
(tube r isch iadicum ). W e  ch ange d th is  
principle  in a body pre s sure  th at is  
e q ually distribute d around e ach  node ’s  
ce nte r. 
W e  im agine d th at th e  flatte ne d distribu-
tion of body pre s sure , toge th e r w ith  th e  
soft touch  w ith  th e  low e r part of th igh s  
w ill m ak e  for incre as e d s itting com fort.

Unde r th e s e  ne w  principle s , w e  re -
de s igne d th e  TRES toile t adding arm  

re sts  and th e  curve d s e at surface . To 
te st th is  ne w  de s ign, w e  cove re d th e  
TRES s e at surface  and th e  s urface  of an 
ordinary toile t s e at w ith  a body pre s sure  
m at from  FSA Ltd, and s e ate d two e ld-
e rly fe m ale  subje cts  on th e  m at (Figure  

7).

Th e  h ip pre s sure  us ing an ordinary toi-
le t (uppe r part of Figure  7) s h ow s  th e  
h igh e st pre s sure   spre ading out from  

Figure  6. Com parison of integral value  

of th e  electrom yogram  (EMG) of th e  fore -

arm  m uscle s (a), fem oral m uscle s (b), 

and gastrocnem ius m uscle  (c); in w h ite : 

com plete  TRES; in black : TRES w ith out 

arm  support

Figure  7. H ip pre ssure  on an ordinary 

toilet (a) and on TRES (b); Front of toilet 

to th e  left; Th e  num be rs repre se nt th e  

pre sure  in m m  H g (1 m m  H g = 133 

N/m

2

)
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le ft to righ t unde r both  th igh s . Th is  
m e ans  th at th e  w h ole  toile t-s e at surface  
touch e s  th e  unde r s urface  of both  
th igh s . Th is  im plie s  uncom fortable  fe e l-
ings , be caus e  th e  pre s sure  to th e  th igh s  
w ill disturb th e  blood flow  to th e  le gs.

O n th e  contrary, w ith  TRES (low e r part 
of Figure  7), th e  h igh e st pre s sure  
spre ads  only along th e  le ngth  of th e  
th igh s  around th e  h ipbone  node s , e x-
pre s s ing a com fortable  s itting.

Psych ological evaluation

22 Subje cts  including two fe m ale  sub-
je cts  w e re  re q ue ste d to fill out a 5-point 
SD  scale  w ith  Kans e i words  on ’com fort-
able ‘, ’e asy standing up‘, and so forth . 
O n a 10-point scale  as  to ‘com fortable  
s itting’, th e y e valuate d TRES in a pos it-
ive  way (ave rage : 6.5 points), but w e re  
ne gative  in re lation to th e  ordinary toile t 
(ave rage : 2.8 points). 

Two fe m ale  subje cts  e xpre s s e d th e ir fe e l-
ing as  7.6 on ’com fortable  s itting‘, and 
8.5 on ’e asy standing up‘. Th e  t-te st 
s h ow e d a s ignificant diffe re nce  be tw e e n 
th e  as s e s sm e nt of an ordinary toile t and 
th e  TRES toile t. D iffe re nce s  be tw e e n e ld-
e rly and young subje cts  w e re  also s igni-
ficant. Th e  TRES h as  sold ve ry w e ll in 
th e  m ark e t s ince  be ginning of m anufac-
turing in 2004, and h as  be e n w e ll-
k nown for its  e xce lle nt product fit to th e  
e lde rly.

GENERAL REM ARK S

Matsus h ita Ele ctric W ork s  h as  im ple m e n-
te d th e  ph ilosoph y of ‘Unive rsal 
D e s ign’, and h as  us e d e rgonom ics  and 
Kans e i Engine e ring as  th e ir product de -
ve lopm e nt te ch nology. W e  e nde avoure d 
to cre ate  a num be r of diffe re nt k inds  of 
products , from  a s h ave r to a robot in 
th e  e le ctrically pow e re d products  fie ld, 

as  w e ll as  from  floor m ate rial to roof m a-
te rial in h om e  e q uipm e nt. W e  are  always  
focus s ing on re aliz ing QO L and as s istive  
de vice s , and e q uipm e nt for th e  e lde rly 
to us e  and fe e l com fortable .

In th is  contribution w e  de scribe d a fe w  
products  th at w e re  cre ate d us ing e rgo-
nom ics  and Kans e i Engine e ring. Many 
m ore  dw e lling de vice s  h ave  be e n pro-
duce d for pe ople  of all age s , but w e  
want e spe cially to cre ate  us e ful 
products  for th e  e lde rly in Japan’s  aging 
socie ty.
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