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1. Introdwction

   Auditory signals  can  easily  be recognized  even  if special

attention is not  paid to them.  Therefore, they  are  often  used  in

various  situatiens  in daily life. There is a  flood of  auditory

signals  from  those  used  outdoorg,  e.g.  starting  signals  of  a

train, sirens  of  a  police car,  an  arnbulance  and  a  fire engine
and  a  bell at a  train crossing,  to  these  used  indoors, e.g.  an

alarm  clock,  a  tclcphonc  beil, a  chimc  ut an  cntrancc  ef  a

house and  auditory  signa]s  from a  washing  machine  or  an

electric  rice  coeker  which  teli us  that washing  is finished or

t'ice is ready.
   In the  case  of  danger signa]s  used  fbrinforming people of

dangerous happenings such  as  a  fire, it is necessary  to be
clear!y  recognized  and  identified. Danger  signals  shou]d  be

audible  even  in noisy  surroundings  and  have characteristics

which  make  people perceive instinctivcly that something

dangerDus happe]s L1-4j. It woL,ld  bc acccptcd  to usc  auditory

danger signals  even  if they  are  unpleasant  sounds.

   On  the other  hand, portable telephones uscd  in public
spaces,  for example,  are  often  perceived as  being nuisuncc  by
other  peep]e since  the  signal  as  wel]  as  the  conversation  is

cleafly  outstanding.  The  alarm  ef  a  wrist  watch  becomes
rea!ly  noise  when  it rings carelessly during a  concert.  The  use

of  auditory  signals  foT private purposes should  be restricted  i･n

public spaees  as  much  as  possible.
   It would  be admitted  that auditory  signals  can  be freely
used  at  home. Neverthe]esg, it would  be bctter not  to usc  so

many  auditory  signals,  which  may  deteriorate the  sound

cnvirenment.  When  various  kinds of  auditory  signais  are  used,

it is llcccssary  that each  auditory  signal  should  be cleurLy

discriminated and  give information ftQm which  equipmenL  it
comes  and  what  it means.

   The  present study  was  designcd to examine  the necessity

and  desirable properties for auditory  warning  signals.

2. Questionnaire surve}'

   A  questiormuirc survcy  was  conducted  to examine

whether  the auditory  warning  signals  are  needed  or  whethcr

they  are  annoying.

2,1. Questionnaires
   The  foliowjng questiens were  asked  for auditory  warning

signals  equipped  te homc clecnie  app[iances  and  other

equlpment;

(1) whethcr  the  respondents  use  the equipment

 C2) whether  the  equipment  they use  has an  audiLery  warning

    signal

 (3) whether  the  auditory  signal  is needed

 (4) whether  the auditory  signal  is annoying
2.2. Rcspondcnts

   Thc  qucstiennaire suryey  was  conductcd  with  the  two

groups of  respondents:  group l was  190 students  from !8 to

22 years old  und  greup 2 was  47 rcspondcnts  agcd  betwcefi 22
and  58 ･(average 41,O).

2.3. Rcsults

   Cross analyses  were  conducted  with  respondents  who

answered  that they  were  using  each  equipment.  1'he

percentages of  the respendents  using  each  equipment  fbr
group 1 were  96.g%  for washing  machine,  93.7gi/ for rice

cooker,  53.2% for electric  pot, 66.g% for thermometer,  84.7%
for airconditioncr, 91.6%  for microwave  oven.  64.7%  for

wrist wateh,  55.8% for public te]ephone  and  92,6% fbr
portabie telephone.  All respondents  answered  that they  were

using  washing  machinc  and  rice  cooker  in group 2. The  results

of  group 1 arc  shown  in Figs. 1 tmd  2. It can  be seen  that the

percentages of respondents  who  answered  that the  auditory

waming  signals  were  neccssary  are  higher- with  those  who

used  the cquipment  with  auditory  signals  than  those  without

signals.  Alse it is ciear  thttt the  percentages of respondents

who  answcrcd  that the auditory  warning  signals  were

annoying  are  higher with  those who  answercd  that thc
waming  signals  (or equipment  itself tbr portable telephones)
were  not  necessary  than  the other  group. Thc same  tendency
can  be seen  in group 2 concerning  the signals  attachcd  to

wasbing  machincs  and  ricc ceokers  as  shown  in Figs. 3 and  4,

theugh  thcsc sounds  seem  not  annoying  so  much.  These
resul:･s  suggest  that  the auditory  warning  signals, lr they  ure

attached,  are  convenicn"/,  but that they are  riot always

necessary  and  that there ure  some  people who  are  annoyed

by the signals.

   It is also  neticed  in Fig. 2 that high percentages of

respondents  answered  that :he  sound  of  portabl･e telephones

are  annoying  even  though  they thought portable telephones
are necessary.

3. Experiment
   An  cxperiment  was  conducted  to examine  whethcr

auditory  warning  signals can  be identMed when  they  arc

listened to in a  laboratory situation.
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S, KUWANO  et al.: AUDITORY  WARNING  SIGNAL
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Fig. S Percentagcs of  correct･  identification.

leo %

components  are the same  except  for a  portable telcphone  and

rcpetition  rate  is the same  except  for the telephonc  No. 2.

These preperties  may  have  been learned in our  daily life and

this may  cause  the high perccntagcs of correct identification.
Deor  chime  and  the signal  of  alarm  elock  were  also  fbund to

be easily  identified. On  the other  hand, auditory  signais  from
an  inter-phone, an  clecnic  rice  cooker,  and  alarms  of  a car

seem  dificult to be identified. It was  noticed  that the auditory

signal of  a  rice cooker  was  misunderstoed  with  an  alarrn  for

gas se:.sor,  which  suggests  that dangerous misunderstanding
may  happen,

   The  peTcentages of  correct  answer  were  plotted against
fundamental frequency, number  of  frequency components,

and  repetition  times in Figs. 6-8, respectively, It was  fDund
that the  fundamental frequency has little corrclation  with

identificatibn. The percentages of correct  answcr  showed

weak  correlation  with  the number  of frequeney components

and  the repetition  times. This suggeets  that the factors related

to timbre  and  temporal  structure  of  the signals  have an  effect

on  the identification of signals.

4. Discussioll

   There are  various  purposes for auditory  warning  signals  as

fo11ows.

 (1) confirrnation  of  switching

 (2) notice  of  finishing (e,g. washing  is finished, rtce is ready)

 (3) notice  of  abnormal  situation  (e.g, the door of  refrigerator

    is kept epen)

 (4) cuutien  (e.g, electric  iroll is fallen down und  it may  cause

    fire)

   If the signal  is used  to inforTn dangerous happenings as  in

the case  (4), it must  be clearly detected by anybody  in any
situations.  Different properties from those  of  warning  signals

for (1) to (3) are  needed  for the clanger signal  as  described in
our  earlier  studies [1-4] even  if thcy  ure  used  at  home.

   Except  for signals  which  tell dangerous situations,  even  if

auditory  signals  are  missed,  it does not  necessarily  cause

serious  matters.  The  results  of  the  questionnaire survcys

suggest  that ence  users have the appliances  with  warning

signals,  they  tend  to be accustomed  to using  thern and  feel
them  convenient.  The  same  tenclency  was  found with  elderly

people as  shown  in Fig. 9 rSl. It can  be said from thesc rcsults
that warning  signals  are  convenient,  but not  always  necessury.
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Therefore, if it is attached  to the appliances,  it should  be

audible, not  be toQ  eoud, nor  annoying,  easy  to be identified
and  if possible, pleasant.

   The  results  of  the experiment  suggest  that warning  signals

attached  to home  electric  appliances  aTe  often confused  with

each  other.  It js dangerous if thc warning  signal  of  a  gas
sensor  js rnisunderstood  as  thttt ofa  rice  cooker.  If the warning

signals  are  used,  they  shou]d  be  clearly  identified. The  results

of  experimcnt  suggest  that the signals  can  be more  easily

identified when  they consist  of  more  harmonic frequency

components.  The fact that the signal  consists  of  many

harmonic frequency components  means  that it has a  wide

frequency range.  This has anothcr  mcmit  that the signal  is not
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