(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 5, No. 10, 2014

Proposaland Evaluationof Toilet Timing Suggestion
Methodsfor the Elderly

Airi Tsuiji
GraduateSchool
of Engineeringand Science,
Kyoto Institute of Technology
MatsugasakiSsakyo-ku,Kyoto
606-8585,Japan

Shinji Abe Hiroshima
Institute of Technology2-1-1
Miyake,Saeki-kuHiroshima
731-5193Japan

Abstract—Elderly peopleneedto urinate frequently, and when
they go on outings they often have a difficult time finding
restrooms.Becauseof this, researchinga body water management
systemis needed.Our proposed system calculates timing trips
to the toilet in consideration with both their schedulesand the
amount of body water needingto be expelled,and recommends
using the restroom with sufficient time before needingto urinate.
In this paper, we describe the suggestedmethods of this system
and showthe experimental results for the toilet timing suggestion
methods.
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I. INTRODUCTION

For healthy elderly people,leaving their homesis one of
the mostimportantactivitiesin preservingtheir cognitive and
physical abilities; this also providesgood mental stimulation
and pleasurein their daily lives [1]. Promoting barrier-free
environmentsn Japaneseublic spacesncouragethe elderly
to leave their homeswithout assistanceHowever, going out
is likely to becomedifficult for someelderly peopleas they
age, especially when managingtheir body water balances.
Becauseelderly people often have weak bladders,they are
likely to experiencehe needfor frequenturination and often
encounterdifficult situationswhen searchingfor restrooms
while controllingtheir bladderslf a caregiveraccompaniethe
elderly personthe caregivercansuggesgoingto the restroom
in sufficienttime beforethe elderly personneedso useone,or
can look for the nearestrestroomfor their patient. However,
the number of the elderly living aloneis rapidly increasing
in Japanandthey cannotreceivesuchsupport.Consequently,
they oftentendnot to drink enoughwaterduring their outings
due to their anxiety about using restrooms.This is a likely
causeof dehydration,especiallyin the summer[2]. In order
to aim for elderly people’scomfortableandindependentuting
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experienceswe have researchedand developedtoilet and
drinking timing suggestiorsystemsaccordingto their outing
schedulestheir surroundingenvironmentsandtheir activities
like eating and drinking [3][4][5]. However, our calculation
formulas regarding the amount of body water encountered
some problems. Therefore,we have beentrying to resolve
theseissuesby researchingnotification methods.In order to
improve our system,we have devisedsuggestednethodsof
toilet timing for the elderly, trying to avoid interfering with
their outing schedulewhile not ignoring trips to the restroom.
In this paperwe describethe experimentalresultswhen two
toilet timing suggestiomrmethodswere evaluated.

II. TOILET TIMING CALCULATION METHODS
A. Estimatingthe amountof body water

According to previousresearchon water balancein the
humanbody, we formulateda simplistic physiologicalformula
for non-invasiveestimationof theamountof bodywater;based
on thoseestimationstimes to drink fluids and usethe toilet
arecalculated Accordingto previousstudies the total amount
of voided volume of a well-roundedhealthyelderly personin
a day is assumedo be about 1500 ml, and the amount of
the urine in the bladderwhen they feel the needto void is
assumedo be 150 ml [6][7]. We also assumedhat the total
amountof voided volume changesaccordingto the increase
of body surfaceareaand body surfacearea correlateswith
body weight [8]. In a statistical survey of physical fitness
andexerciseabilities conducteddy the Ministry of Education,
Culture,Sports,ScienceandTechnologythe averageveight of
Japanesadultswas65.15kg for maleand53.04kg for female
[9]. Furthermore,we assumethat that the total amount of
voided volume changesaccordingto the air temperaturg10];
it increaseor decreaseby 0.6ml/ 10C from the baselineof
19.40C.Consequentlyywe obtainedthe physiologicalformula
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of Eq.1and Eq.2for the non-invasiveestimateof the amount
of body water. The total amountof voided volumeis divided
by thelengthof hoursspentawake(about17 hours).Thetoilet
timing is calculatedby Eq.3.

MaleU
= 1500 + (W — 65.15) x 1.0 — (T — 19.4) x 0.6 (1)
FemaleU
= 1500 + (W — 53.04) x 1.0 — (T — 19.4) x 0.6  (2)
ToiletInterval = 150/(U/17) (3)

U is the total amountof excretionin one day[ml], Interval
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the formula. However, just improving the formula would not
solveall problems.To addressheseproblems we createdthe
following suggestiormethods.

Ill. SUGGESTIONMETHODS

In order to avoid interfering with their outing schedule
and ignoring the suggestionswe devisedtwo toilet timing
suggestiomrmethods.

A. “Consideration” StrategySituations

Thesituationwherethe usercan’'tgo to the restroomeasily
often occur during daily activities. In order to preventsuch

is the basic interva|[hr]’ T is outside temperature[degrees situations,theSystemconsidersthe user’'sscheduleandavoids

Celsius],W is body weight[kg].
We set the prediction formula (Eq.4) to calculate the

amount of sweat per day. The amount of sweatincreases

or decreaseshy 2.72 g / Body weight / 1 C when the
air temperatureis more than 16.5°C [10].The amount of
excretionperhour (Eq.5) considerghe amountof voidedurine
and perspirationamounts(9.1ml). The appropriatedrinking
times (Eq.6) are derivedfrom the risks of dehydrationdue to
inadequatealrink intake.

Sweat
=W x (50 + (T — 19.4) x 2.72) (4)
Drainage
= (U/17) + (Sweat/17) + (9.1 x W/17) + (900/17) (5)
DrinkInterval = (W x 0.02)/Drainage (6)

U is the total amountof excretionin oneday[ml], Interval

notifying the userduring activities such as shopping,having
lunch, or seeinga movie. Therefore,if the nexttoilet time is
expectedo be in the middle of an activity, the restroomtime
is adjustedto 5 minutesbefore the activity’s starttime. The
systemmakesadjustmentgo the time calculatedby Eq.1.

B. “Step-by-Step”"SuggestiorStrategy

Timing to usethe restroomis a sensitiveissuein general.
If our proposedsystemunnecessarilyrecommendsgoing to
the restroomrepeatedlythe usermight feel that the systemis
annoying.Also, the suggestiommight beignoredwhenthe user
is in the middle of their activities. Furthermore the elderly
are likely to have hearing difficulties; the verbal toileting
suggestionsmight sometimesgo unnoticed. Therefore, we
createdwith the “step-by-step” suggestionof toilet timing.
It consistsof three types of suggestionsdependingon the
urgency;“Recommend”,“Notification”, and “Alert”. In order
to explain the details of the suggestionalgorithm as shown
below we definetwo typesof intervals;currentinterval Ic is

is the basic interval[hr], T is outside temperature[degrees calculatedfrom the recenttoilet timing using Eq.3, while the

Celsius], W is body weight[kg]. SO the amountof sweating
per body weight[ml].

B. RearrangingToilet Timing

In order to maintain good health, adequatehydration is
necessaryorthis purposeJapaneselderly peopleoftencarry
waterflaskswhenleavingtheirhomestheyoftenhavelunchor
dinnerwith their friends or family during their outings.Such
activities increasethe overall amountof body water. Excess
waterin thebodyis excretedby thekidneysandpassednto the
bladder.We assumehe amountof the water intake per meal
is 200ml, and recalculatethe total amountof voided volume
at eachmeal (Eq.7). Toilet timing is rearrangedEg.3), with
U representinghe total amountof voided volume [ml].

DrinkU = U + 200 @)
U is the total excretionof the day[ml].

C. Problemsinherentin TheseFormulas

We discovered some formulaic problems in previous
studies[5]-forexample malesubjectgproducedargeramounts
of urine than 150ml, and one male subjectdidn’t receivethe
suggestionio usethetoilet whenhe wanted.We areimproving

intervalfor suggestions Im. Also, Ti denoteghe elapsedime
from the last restroomtiming.

Recommend
WhenlIm j Ti j lc, becausehe situationis less
urgentthe systemonly recommendshe subjectto
usethe restroomby both voice andtext message.

Notification
When Ic = Ti, becausehe urgencyincreasedo
someextent,the systemnoatifies the subjectonce
moreto usethe restroomby both voice and text
message.

Alert
After eachsuggestiorasshownabove the system
requires the user to confirm whether the user
actuallywentto the restroom.If the userignored
both suggestionsand a certain period of time
elapsesgdueto the increasdn urgencythe system
alertsthe subjectto usethe restroomrepeatedly
by both voice and vibration.

IV. EXPERIMENTAL OVERVIEW

In order to evaluatethe effectivenessof the proposed
suggestiommethodswe conductedhe following experiments.
Gaugingthe taskachievementevel andthe delaytime, tenta
tive shoppingtasksweresetasshownbelow. We measuredhe
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TABLE |: ExperimentalConditionsof SuggestiorMethod

Experimentalconditions ~ Considering  Stepby step

No strategy x x
“Consideration”strategy O x
“Step-by-step”strategy x O
Using both strategies O O

delay from the suggestiorto the actionthat the subjecttook,
plus the task’s end result. The experimentswere conducted
by comparingthe four conditionsas shownin Tablell, incor
poratingthe “Consideration”and “Step-by-Step”approaches.
In this experiment,‘Consideration’meantthat the suggestion
occurredbefore or after each shoppingtask; the “Step-by-
Step”intervalswere 15 secondsand 10 secondsThe subjects
performed trials under all conditions in random order. In
orderto investigateimpressionsof all conditionsthe subjects
not only answereda questionnaireafter eachtrial, but also
answereda questionnaireat the end of the experimentsto
indicatewhich conditionswere most preferable.

A. Subjects

Thetargetusersof our proposedsystemareelderly people.
Therefore the subjectswere recruitedfrom the agegroupsas
shownin Tablell.

TABLE IlI: SubjectsOverview

Groupname  Number(male,female) Age(ave)
Subjects 26(13,13) 64-75(69.27)

B. ExperimentalSetup

The experimentalsetupis shownin Fig.1, and the setup
simulatingtoilet timing suggestionsluring shoppingis shown
in Fig.2. Pushingthe button while the subject sat on the
availablechairindicatedthat the subjectwentto the restroom.
There were three places (A, B, and C) to pick up balls
that simulatedshoppingitem displays;the room also had a
checkoutcounter.Colored conesand plastic tapeswere used,
indicatingthe walking path.Balls coloredred, yellow andblue
are shown in Fig.3; picking up the balls simulated buying
goods.The subjectwasnotified of thetoilet timing suggestions
by an audible cue emittedfrom a portabledevice.

C. ExperimentalScenario

The experiment’'sscenariovasasfollows. Fig.1 showsthe
shoppingtask. The subjectwaited on the chair for a direction
from the hand-helderminal.Whenthedirectionwassuggested
to the subjectas shownbelow, s/hefollowed the instructions.

Start Shopping Task
A voice announced; Start shopping”and “Take
a red ball.” In order to simulate shoppingthe
subjectcarriedthe basketto locationsA, B, and
C, picking up colored balls in accordancewith
the directions.Thenthe subjecttook their colored
balls to the checkoutbasket.The subjectcontin
ued shoppinguntil the “End ShoppingTask” was
announced.
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Fig. 3: Balls UsedDuring the Experiment

End Shopping Task

“Stop shoppingand returnto the waiting chair”
wasannouncedThesubjectreturnedthe shopping
basketto the start position and sat down on the
availablechair, waiting for the next suggestion.

Suggestionto Use the Toilet

First, a voice messageannouncing‘The time to
go to the restroomis approaching”was heard.
The subjectcould pushthe button nearthe chair
to simulategoing to the restroomatfter this sug
gestion.If the subjectignored the first sugges
tion, “The time to go to the restroomwill be
approachingquickly” was announceds seconds
afterthefirst suggestionWhenthe subjectpushed
the button by the chair, the subjectcannotbring
the shoppingbasketto the chair in accordance
with real shoppingsituations—shopperare usu
ally prohibitedin bringing shoppingitemsto the
restroombefore checkout. Therefore,the subject
mustreturnthe shoppingbasketto the startposk
tion before returningto the chair. After pushing
the button, the subject could resumeshopping.
However,the subjectcould alsoignorethe second
suggestion.

Toilet Alert

10 secondsafter the subjectignored the second
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Fig. 1: ExperimentalSetup

suggestiona voice messageannouncing‘Go to

the restroomnow” was heard,alongwith a beep

ing sound.The subjecthadto pushthe button by

the chair as soon as possible.When the subject
pushedthe button by the chair, they could not
bring the shoppingbasketwith them;the shopping
basketmust be returnedto the starting position.
The subjectcould resumeshoppingafter the but

ton was pushed.

V. EXPERIMENTAL RESULTS

A. DelaysFrom Suggestionso Actions

The delay from the suggestionto action was the time
elapsedfrom the first toileting suggestionto the subject

pushingthe button. Fig.4 showsthe resultsof elderly subject
group’s averagetimes under each condition. We performed
two-factorANOVA with the significantlevel = 0.05to analyze
eachsuggestiormethod’sdelay time. The ANOVA indicated
two within-subject factors (“Consideration” and “Step-by-
Step”); the results are shown in Tab.lll. The results show
that our proposedsuggestiormethodscould shortenthe times
betweensuggestionsandtoileting.

TABLE Ill: ANOVA Analysisof Delay Result

Considering  Step-by-step Two-factorinteraction

F 795.322 352.371 11.473
significant(5%)  Significantly ~ Significantly Significantly
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Fig. 4: ExperimentalDelay Results

B. ShoppingTask Achievements

Fig.5 is the task achievementesult. We performedtwo-
factor ANOVA with the significant level = 0.01 to analyze
each suggestionmethod’s shopping task achievementsthe
results are shown in Tab. IV. The results show that the
“Consideration”strategycould improve task performanceOn
the other hand, the “Step-by-Step”strategyhad an adverse
effect on the task performance.However, there were some
reasons—on&vas that the time from the first notice until the
actual suggestionwas very short. The samevoice was used
for both the first suggestionand the actual notice, causing
miscommunicatiorand poor performance.

10
«n 8
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%5 6
S 4
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0 T : ,
No strategies Considering Step-by-step  Using both
strategies

Experimental Conditions

Fig. 5: ExperimentalTask Results

TABLE IV: ANOVA Analysisof Task Result

Considering  Step-by-step  Two-factorinteraction

F 1.177 79.816 0.916
significant(5%) No significantly  significantly No significantly

VI. DISCUSSION

This experiment'stwo key points are listed below. Both
suggestionmethodswere effective in reducing delays from
suggestiongo actions.
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e Both suggestionmethodswere effective in reducing
delaysfrom suggestiongo actions.

e The“Consideration”strategycould improvetask per
formance.

These notifications seemto be enoughto achieve our
systemaims without being ignoredand interfering with other
tasks.However,the numberof completedtasksdecreasedn
the experimentswhen the “Step-by-Step”notifications were
used;it is consideredhat the time from thefirst suggestiorio
the actualnoticewasvery short; the samevoice wasalsoused
for both, leadingto miscommunicatiorand poor performance.

VIlI. CONCLUSION

In this paper,we proposedtwo toilet timing suggestion
methodsfor the elderly in order to supporttheir activities
outsidethe home. For this purpose,the “Consideration”and
“Step-by-Step”strategieswere considered Basedon the ex-
perimentalresultsof the suggestiormethods,the delay time
from respondingto the suggestionsto toileting improved
by using the proposedmethods.As for the two suggestion
methodsconsideredtask achievemenimproved only under
the “Consideration”strategycondition. However, this it might
havebeenpartly dueto improperexperimentakettings.
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