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Abstract

Mobility issues are frequently correlated with personal activities and life style, and it
becomes a more critical topic for the elderly as coming of the aging society. However,
Taiwan traffic environment and personal declined riding ability have threatened them
while facing aging symptoms gradually.

Observing the Taiwan aging population structure, Baby Boomer(1946-1964)
generation will emerging into elderly age level in the decade, which they are referred to the
group of pre-elderly (preliminary elderly). However, the study indicates present scooter
bring riding barrier for the elder groups (ederly and pre-elderly) through evaluations in
aspect of universal design and aging symptoms.

The purpose pilot study isto obtain the interviewee s opinions in first hand. Therefore,
descriptive questionnaire survey is held by random sampling elderly and pre-elderly (50-64)
in Taichung urban area. Distribution, cross and cluster analysis are applied into the
guestionnaire result to acquire the attributes cause elder groups riding barrier experiences

From previous literature review, survey results and discussion, the findings of the
study are concluded as following four points: (1) Nervous, control vehicle balance, avoid
night riding, and waste efforts on turning are main four scooter riding obstacles that the
elder group mests in their scooter riding experiences; (2) Inattention, vision degrading,
slower reaction time, and sense of balance disorder is the major attributes that happenwith
high frequency among obstacle experiences; (3) Age level cross analysis shows no widely
differences on riding barriers. But the results indicates pre-elderly has riding obstacles
gradualy; (4) Safety and saving efforts riding behaviors are suggested for the elder groups
who lack of safety conscious.

Theaimof the study is not only to reveal the potential hazard of elderly scooter riding,
but also to summarize the effecting attributes concretely. Finaly the author promotes
mobility suggestions to clarify mobility barriers that the elder groups might facing and

contribute for further elderly transportation issues.
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Chapterl. Introduction

1.1 Background and motivation

The characteristics of scooter are economical, convenient, and high mobility in
Taiwan traffic environment and it becomes one of the major transportation in Taiwan.
However, the vehicle numbers are rising to 13,641,807 until Mar. 2007, and scooter
volume among the total vehicles in 66.85 %( 20,405,743), till the volume of the
scooter rising gradually in 4% every year. The reasons bring this tendency are as
followed:

1. Scooter is a convenient and economical transportation in the area lacking of

public transportation, such as mid-southern, eastern Taiwan, or suburbs.

2. Scooter provides high mobility through place to place in rush hours, crowded,

and narrow parking spaces.

3. Younger people love to ride scooters because of its lower sell price.

The elderly population is unspeaking group and is ignored as long as their visual,
physica and cognitive functions decline. As coming of the aging society, many
researches attach the importance to the problems come while aging with people. Foreign
research has demonstrated that many elder drivers restrict not only the time spent
driving but also their driving circumstances.(e.g. avoid driving in the rain or at night)
(Marottoli et al., 1996; Forrest et al., 1997; Stutts, 1998). Therefore, this phenomenon
should be concern and to study what attributes cause in behind in case to bring barriers
to future aging society.

Driving behavior is the bridge between vehicles, drivers, and environment; it helps
to interpret the accident fatalities as well. Therefore, investigations are held to view the
associations between the elderly driving behaviors and vehicle itself. By observing their
driving behaviors and driving problems would help finding potential need from vehicle.

Society phenomenon might observe form previous mentioned background and are
addressed by following three points:




1. Rapid growing on the elderly population and comes with elderly aging topics
gradually year by year.

2. Mohility is the first priority of elderly activities and the main cause are the
aging symptoms lead to declining on physical and cognitive.

3. Scooter is applied in divided age levels by many different usages, and same
applying scoter situations happen on the elderly as well. However, most
statistic data locates on young adults, fewer data of elder drivers has been

collected. Therefore, elderly scooter riding is seldom discussed.

1.2 Resear ch subjects

The subjects of this study were required to pre-elderly (age 50-64) and elderly (age
over 65) keep using scooter frequently but start facing aging situation. There are many
definitions for age level before elderly such as mature age, middie age, and pre-elderly
(EICP and Council of Labor Affairs); the study use pre-elderly (preliminary elderly)
represent age from 50 to 64 instead because it is easy the comprehend the meaning of
people going step into elderly age level. In aspect to survey the future vehicle
development effect by aging impact, pre-elderly isincluded into this study subjects in
ahead to investigate the elder scooter user’s riding barriers to predict the Taiwan

traffic situations and environment in decades.

1.3 Resear ch objective

The major results obtained in this study are summarized as followed:

1. Exploring the scooter riding situation how senior citizensriding in Taiwan.

2. Understanding the riding behavior risks of the elders and how aging situation
affect them on physically.

3. Understanding the aging physical attributes affect them on riding behaviors.




1.4 Resear ch Contribution

The results of study might contribute for several areas as followed:

1. Give asketch for scooter and vehicle makers to refine scooter in considering
of elder riding group.
2. Provide design references for develop next generation personal mobility
vehicle in the way replace scooter and considering in universal design.
1.5 Methodology

The pilot study applies a descriptive questionnaire survey method to explore the

attributes of problems that pre-elderly and elderly facing when they riding scooters. The

purpose of descriptive

1.5.1 Research structure

The contents of this study might divide into five phases and the purposes of each

phase are summarized as followed:

1

Introduction: it provides a quickly review of the motivation and outline of this
pilot study as the guide of study.

Literature review: Relative literatures and statistic data are reviewed for
examine the motivation of the study, and contents finding for questionnaires
design.

Questionnaires design: Arrange questionnaire contents and execute
guestionnaire survey.

Review of questionnaire results: Administrator questionnaires results and
analysis via statistic software also compare with previous literature to check

the result differences.




5.

Conclusions: summery of the pilot study and suggestions for future studies.

1.5.2 Resear ch procedure

Figure 1.1 summarized the procedure of the study which the contents of procedure

are addressed by following five points which correspond to research phases:

1.

Define the research objectives: Setup the study background, motivation and
subject and limitation.

Literature review: It is divided into two parts through literature study; oneis
search the statistic data and related aging issues for determined the motivation
of the study, the other part is to explore the issues of riding behaviors and
evaluation for scooter and elder users. Finaly attributes affecting riding
mobility are inferred through mentioned literatures.

Executing questionnaire survey: After construction the attributes,
guestionnaires is held to survey the subject's opinions to examine the
disadvantage and barriers bring from scooter. Random sampling population
chooses from pre-elderly (age 50 to 64) and elderly (aged 65 or older) in
Taichung urban area.

Statistic analysis. Administrator questionnaire distributions: dstributions of
descriptive questionnaire results, cross analysis, and cluster analysis
Suggestions: conclusion and suggestion based on questionnaires results and

observation of literature review including persona opinion.




Define research objectives

Literature review

® Exploring elderly riding behavior
® Evaluating the scooter position

@ Background of the elder groups
® Scooter fatalities tendency
® Driving ability limits

L 4

Infer attributes affecting riding mobility

Executing questionnaire survey

Statistic analysis
|
: Descriptive _ _
| questionnaire results Cross analysis Cluster analysis
A 4
Suggestions

Figure 1.1 Dissertation process

1.6 Limitation of Dissertation

Base of limit research resources and the elder groups (elderly and pre-elderly)

conservative attitudes and characteristics, the proceeding limitations of study are as

addressed as below:

1

The elder groups involved within questionnaire subjects sometime have
defense attitudes through the survey that might reduce the accuracy of survey.
The elder groups might over-estimate their scooter riding skills that reduce the

accuracy of survey results as well.

Subjects of the pilot survey are sampled from the pre-elderly and elderly in

the Taichung urban area due to limited time and research resources.




Chapter2. Literature Review

This chapter will review on literatures from the view of elderly society, and discuss
with their abilities of scooter riding, riding habits and riding safety in Taiwan.
Furthermore, the vehicle position of scooter needs to be examined the correlation

between scooter and the elder groups after reviewing scooter fatalities.

2.1 Review change of the elderly society

Elderly population in Taiwan increasing year by year steadily but the impact of
aging society isinevitable. Observing the development of the society development isthe
basic method to reach prediction of future society problems. According to the United
Nations definition, the percentage of the population aged 65 or older among the total
population in 7% calls “aging society”, up to 14% among tota is called as an “aged
society” by definition. Taiwan has stepped into an aging society y by 1.49 million
elderly people in 7% among total population in 1993(Population statistics from MOI);
Research indicates that Taiwan will step into an aged society by the proportion of the
population over 65 reach to 15.89% before 2011(Projections of the population of
Taiwan area, R.0O.C. 2002 to 2051, 2002) as shown in the following Figure2.1.
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Source: Projections of the population of Taiwan area, R.O.C. 2002 to 2051, 2002




Taiwan population comes different than it did in earlier 21 century, and it happens
on the population structure as well. As shown in Figure 2.1 and Figure 2.2, elderly
population not only increasing year by year and the elderly population structure will
change gradually year by year; in 2011, the population of age above 75 years old will

reach to 44% among the whole elderly population.
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In aspect of evaluating impact for population infrastructure, as shown in Figure 2.3,
the age-sex pyramids comparison indicates regative growth situation by 2015. In the
view of predict the next generation development, the investigation is suggested to be
held to observing the future population development and explore how current elder
citizens opinions. Moreover, pre-elderly aged between 50 to 64 years old in 2004 will
step in to elderly age on 2015. They are born under the pace of the huge Baby Boomer
generation (porn between 1946 and 1964) and will stepping into the ranks of senior
citizens in next decades. The pace of elderly population growth will continue into the
elderly society, and the huge Baby Boom generation involved into the aged society will
lead with more elderly that change the infrastructure of population. Therefore, the
solution to predict their behaviors and attitudes in advance will rely on how to acquire

those pre-elderly opinions nowadays.
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Figure 2.3 Population age-sex pyramids comparison
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2.2 Background of Taiwan pre-elderly

From previous researches, the results indicate the change of society infrastructure
on elder population due to numerous pre-elderly people emerging into elderly age level.
There are several definitions of pre-elderly according to researcher. In Taiwan,

pre-elderly which age from 55 to 64 was we called “mature age generation’ defined by




E-1CP (Eastern Integrated Consumer Profile); Those people age locates between 43 and
61 on 2007 according to the definition of Baby Boomers (born between 1946 and 1964)
as well; Age from 45 to 65 is defined as middle age by employment services law. From
this study, we use the noun “pre-elderly” to describe the person going step into elderly
age level and observe the aging impact he/ she will face. However, compared with the
age-sex pyramids comparison in Figure 2.3, the population structure changed rapidly
since from age 50. Table 2.1 concluded the recent aging groups' ratio as followed. From
the results, pre-elderly’s age from age 50 to 64 contents mature age generation and Baby

Boomers generation will be step in to main elderly group in this decade.

Table 2.1 Ratio of elder age group in whole popuation

Year 50-64 (ratio) 65+ (ratio)
2004 3,287(14.5%) 2,150(9.5%)
2005 3,452(15.2%) 2,217(9.7%)
2006 3,630(15.9%) 2,287(10.0%)
End of Mar, 2007 3,672(16%) 2,299(10.0%)

Source: Dept. of Household Registration Affairs, MOI (Unit: thousand people)

The Baby Boomer steps into retirement phase gradually since 2006 and bring the
retirement trend. The lifestyles of them might divide into six types according to E-ICP
research base on age 60 to 64: ® Conservative and traditional (23%); @ Silence (21.6%);
®Easygoing (21.6%); @Regular and cagily; ®Active and energetic; ® Confidant and
modern. Passive attitude on new technology and product but rely on famous and stable
quality products are their characteristics and evidences indicates pre-elderly tends to
keep status and thing as they are without change. But generally speaking, the current
pre-elderly belongs to the group which is healthy, active, and with their own economical

force.




2.3 Review of scooter development with the elder groups
2.3.1 Mobility effects on the elder groups

All evidence suggests that the elderly population of today and tomorrow will
continue to depend on the private car to give them freedom, independence, and
choice--as do younger travelers (Rosenbloom S., 1993). The decline of personal
mobility is not under-estimate impact as a result of it related to the personal mobility
autonomy and routine activity area constrain. Therefore, the greater degree of personal
mobility might bring the more flourished in economics, society activities.

The present elderly heath condition is better than past times. According to
government survey (Dept. of Statistics, MOI, 1999), 39.48% of the elderly belong to
“hedlthy elderly” and 45.83% of them belong to “ average without mobility barriers’. As
for the mobility of pre-elderly which going step in to elderly stage, the first place
vehicle as short distance transportation is “scooter” by first place anong age 50 to 59,
and “car” isin the second place while walk by the second place among age 60 to 64. In
the other hand, “walk” becomes first place but “scooter” is in the second place by 20%
among the elderly age 65 above. But the average rate of taking bus as transportation is
low than any other transportation (Watanabe N., 2005). Generally speaking, current car
driving ratio of the elderly is under 20%, but the ratio of scooter is stay in 50% (ShenT.,
2003). The researches indicate the elderly mobility and potential travel demand are
unusual as traditional citizens. Planning and targeting the elderly transportation contains
safety, accessibility, economic and comfort base on the elderly mobility characteristics
and current transportation weak points (Lan and Yang, 1992). To observe the mobility
influences of pre-elderly and elderly, this study takes scooter applying situation with
elder groups by exploring their scooter riding habits and barriers with traffic
environment. Moreover, potential user’s need, influences of traffic environments and
limits of present vehicles might investigate in the view of correlation among human,

vehicle, and environment.
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2.3.2 Definition of scooter

"Moped" means a motorized device designed to travel with not more than 36 inch
or larger diameter wheels in contact with the ground, having fully operative pedals for
propulsion by human power, and an electric or a liquid fuel motor with a cylinder
displacement not exceeding 50 cubic centimeters which produces no more than two
gross brake horsepower (developed by a prime mover, as measured by a brake applied
to the driving shaft) that is capable of propelling the device at not more than 30 miles
per hour on level ground (The Washington state patrol, RCW 46.04.304).

Most scooters have smaller engines than motorcycles (between 30 cc and 250 cc
with a single cylinder, though some models have twin cylinder motors). Most
jurisdictions have no legal definition for "scooter”. In general, 50 cc and under scooters
are classified in most states and countries as a moped and are subject to reduced safety
restrictions and licensing fees. Scooters above 50 cc are generaly legally considered
motorcycles, though some states have an inbetween definition for motorized bike for
scooters and motorcycles between 50 and 150 cc (Wikipedia). Motorcycle industry
contains two-whesl, three-wheel, electric, and specific motorcycles. As shown in Table

2.2 concluded the scooter types which popular riding in the present traffic environment.

Table 2.2 Category of Taiwan motorcycle classified by exhaust volume

<50cc 50-125 125-250 Over 250

(moped) (scooter) (scooter) (maxi-scooter)
Sample Sym Mio YAMAHA KYMCO YAMAHA

50 Breeze DX 125 | GRAND DINK | Majesty 250

150
Sample picture -
- : -
5 Ry WX

b - ;3
Exhaust 49 124 149 249
OVA L*W*H (m) | 1.7*0.7*1.0 | 1.8*0.7*1.0 2.0*0.8*14 21*0.8*14
Weight 80 106 155 173

Source: Official website of Sym, YAMAHA, and KYMCO, 2006.
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2.3.3 Scooter development in Taiwan with the elderly

The history of scooter developmentin Taiwanisdivided into four stages which are

addressed as followed:

1. Initia stage (Japanese colonization - 1961): Scooters are imported gradually
from 1940s but only for limited high-income customers due to high price then.
The scooter is popular after the vitalization of agriculture, industry and
economics in 1961, while the government encourages building local scooter
industry to rise Taiwan economics devel opment.

2. Competitive stage (1962-1974): Main Taiwan scooter makers such as
Sanyang, Kwan Yang, YAMAHA and PGO were founded before 1966 on this
stage, and start scooter mass production in the market. PGO entering into
technological cooperation with Italy’'s Vespa-Piaggio; the technological
cooperation promotes scooter with great sales volume and push the trend of
personal transportation by purchasing a scooter. In the same time, scooter
industry development faced two barriers; one of the barriersis the government
polices to restrict scooter industry development that make unhealthy
companies closed, the other barrier is the scooter companies self-production
rate up to 90% due to technological cooperated with foreign makers that
defeat other rivals without technology cooperated.

3. Growing stage (1975-1990): The local content rate of motorcycles increased
to 90%, which was a daunting challenge to the industry; however, it also
brought a chance for part of vendors. With advantages of brand, technology
and marketing, most vendors were keeping grow up in this period.

4. International stage (After 1991): The sales volumes grow up steadily since
1990s, especially the growing export sales volume. Kwan Y ang motor created
an original brand “ Kymco”, and setting the first year of international erawhile
Sanyang industry established an international brand “SYM”; these two
companies went to invest in Mainland China and Vietnam respectively.

Compared with the stages of scooter development, Baby Boomer generation (born
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between 1946 and 1964) is under the growing scooter environment and take scooter for
personal transportation or commute tool in their younger age. They are the first group of
scooter users which continue riding habits in matured age nowadays.

There is a great amount of scooter ridersin Taiwan compared with other countries
and plenty d the elderly scooter riders as well; The scooter numbers has reached to
13.16 million until the end of 2005. From the motorcycle ownership ratio, the results
show there are 580 scooters in every thousand person as shownin Table 2.3. According
the investigation of scooter applications in Taiwan (The investigation scooter use in
Taiwan area, 2004) indicates 10.3% scooter users are age over 60 years old (60~65
years by 4.6% and age over 65 years by 5.7%) base on 27,133 scooter users.

The elder group takes the scooter as the short distance transportation instead of
walking and taking public transportation due to inconvenient public transportation
environment. The research (The investigation scooter use in Taiwan area, 2004)
indicates the scooter users whose age over 60 years old have lower intension replacing
scooter with public transportation, the reasons are as follows:

1. Factors continue using scooter of age 60 to 64 years old: © public

transportation is inconvenient (37.2%); @ nearby their work location (35.5%);

2. Factors continue using scooter of age 65 to 69 years old: @ nearby their work

location (24.5%); @ alternate work location (26.9%);
3. Factors continue using scooter of age over 70 years old: © public

transportation isinconvenient (31.7%); @ nearby their work location (30.5%).

Table 2.3 Scooter ownership ratio divided by countries

Country Scooter ownership ratio per thousand person (year)
Italy 125(1999)
German 64(2002)
USA 15(1999)
UK 28(2000)
Japan 110(2000)
Taiwan 497(1999)
580(2005)
Mdaysia 233

Source: IRF (International Road Foundation), World Road Statistics 2003
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2.4 Review of scooter fatalitiestendency by year
2.4.1 Scooter accident analysiswith the elderly

There are three major features to explain Taiwan traffic safety environment: plenty
of scooters, growing scooter accidents, and high elderly fatality rate. The elderly lives
under more severe impact at same traffic situation and numbers the elderly traffic
accident fatalities is raising year by year, as shown in Table 2.4 indicates the raising

numbers of traffic accidents the elderly involved.

Table 2.4 Number of road traffic accident fatalities by age

Years 45-54 55-64 65-69 70 + Unknown
1994 295 330 161 282 66
1995 273 336 186 271 76
1996 300 353 152 286 67
1997 262 294 187 232 38
1998 279 283 139 269 23
1999 255 260 154 258 28
2000 402 368 198 377 21
2001 404 376 224 446 13
2002 343 300 157 482 11
2003 339 296 193 440 27
2004 360 278 187 444 26

Source: National police agency, MOl  (Unit Person)

Review the government data of scooter fatality deaths and crude mortality rates
which conclude in the Figure 2.4, the result indicate the number of scooter accident
death increasing acutely from the age 50 including male and female. As the result, it
corresponds why this research extends to the target group from age 50 years old while

the elder citizens might involve within the scooter riding barriers since this age level.
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Figure 2.4 Number of scooter fatality deaths and crude mortality rates by gender
and age groups
Source: Dept. of Health, MOI, 2005

The research indicates that the aging elderly reduce the times of riding to avoid
long time riding, and mobility is the magjor attribute effecting them applying scooter.
(The investigation scooter use in Taiwan area, 2004) It also indicates that the main use
age of scooter applied for their daily shopping, and relies on high mobility of the
scooter; On the other hand, the elderly start to reduce long time riding the scooter while
aging. The important advantage of scooter for the elderly is to help them get rid of
inconvenient mobility life and raise their personal independence.

In the aspect to analysis the correlation between Taiwan aging society and traffic
safety, Traffic accidents analysis 2004 investigate Taiwan traffic accidents and
summarized in Figure 2.5 below; the results indicate the highest death rate accident is

the scooter, and the pedestrian by the second place.
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Figure 2.5 Death and crude mortality rates cataloged by vehicle types
Source Traffic accidents analysis 2004

Scooter is the most convenient tool in the elder citizen's life but comes with under
estimated danger. On the other hand, scooter accident is the first high rate among whole
elderly vehicle accidents, and major injured parts located on the head, leg and feet, and
synthetic parts as well. Accident involved vehicle types which elderly used are as
follows. Scooter(47 ), pedestrian(26 ), and bike(12 ), and scooter is the highest
medical cost among three types (Chen, W., 2004). Table 2.5 summarized Head, leg and
feet, and synthetic part are main injure with high percentages in the scooter accident.
Traffic crash involved elderly people (Lin F., 2005) investigated 198,0000 subjects from
the national police agency traffic accident database from 1990 to 2001, the results
indicates most passenger car drivers not injured in the accidents, but most scooter riders
are belong to the injured group; Moreover, extremities and synthetic parts are the major

symptoms of the injured elder scooter riders.
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Table 2.5 Comparison of accident vehicles and injured elderly parts

Part Injured Scooter accidents Bike accidents | Pedestrian accidents
None 20(2.65%) 1(0.53%) 0(0.00%)
Head 228(30.16%) 101(3.16%) 215(50.59%)
Neck 8(1.06%) 2(1.05%) 1(0.24%)
Bosom 34(4.5%) 6(2.11%) 16(3.76%)
Abdomen 7(0.93%) 2(1.05%) 10(2.35%)
Waist 17(2.25%) 4(2.11%) 8(1.88%)
Backing 15(1.98%) 2(1.05%) 3(0.71%)
Hand& wrist 64(8.47%) 5(2.63%) 8(1.88%)
Leg& feet 171(22.62%) 30(15.79%) 60(14.12%)
Synthetic 192(25.40%) 37(19.47%) 104(24.49%)
Tota number 756(100%) 190(100%) 425(100%)

Source: Chen W (2004), “An analysis traffic accident injury and medical cost on
the elderly”, Committee of Road Safety and Traffic Injury Prevention, ROC

In the next 20 years, the amounts of senior scooter users will not decrease as well
due to the users continue their habit riding scooter since their adult s hood, especially
the pre-elderly belong to Baby Boomer generation. Taiwan elderly scooter rider
population (age over 65 years old) are larger than elderly passenger car drivers, and
greater involved within accidents. The definition of elderly age range is too wide that
the numbers of elderly scooter riders start declining if calculate from age over 70 years
old (Lin F., 2005). Therefore, divide the age level of the elderly will help to figure out
the characteristics of scooter users and pedestrians. In the other hand, the senior citizens
age on 55 years olds are much rely on the convenient; on the other hand, observing the
mobility habits of 50 years old will indicate a huge amount of scooter users which

counts on its convenient mobility.

2.4.2 Feature of scooter accident involved with the elderly

Elderly has fewer opportunities involved in the accidents, but higher possibilities
injured in the accidents (Lin F., 2005). It indicates elderly hezard rate leading death is
two to five times higher than younger in single vehicle, vehicle to vehicle or
vehicle-pedestrian accidents. Hazard rate leading elderly death is higher when injure
part on the head. Another result also indicates Taiwan elderly rider hazard rate |eading
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death is higher than foreign countries when injured part on the head.

The death rate of elderly is higher than any age level when involved in the accident.
Lin F. (2005) points out five points of elderly traffic accident feature as following
®The elderly traffic accident death rate is 3 to 4 times higher than younger; @ elderly
scooter rider death rate is 10 times higher than passenger car driver; @ the elderly
accident death rate till 3 to 4 times higher than younger even equipped with safety
protection; @ the death rate are 9 times higher than any body parts when injured on
head no matter with safety protection or not; ® accident death rate will increase on
drivers and pedestrians while age increasing, and the death rate of elderly is higher than
age 50 by 3 to 5 times higher when involved in the accident.

Danger avoidance is characteristic of elderly due to their long term riding
experience and observation with traffic and the research indicates the elderly reduce
stepping out while at night or bad weather. But the elderly involve into well traffic
circumstance (sunny day, barrier free, or inside vision distance) higher than any other
type of traffic accidents, and involved within intersection accidents as well. The
following four points is how the elderly vehicle driver involved into accident as
followed (LinF., 2005):

1. Elderly crashrisk isnot lower than younger while in high traffic expose level;

2. Elderly might involved within well traffic circumstance (sunny day, barrier
free, or inside vision distance) by danger avoidance is characteristic;

3. The edely used to ignore safety protection while applying light
transportation and it raise the death rated if the traffic accident happens;

4. Theelderly might feel confused with the suddenly right turn by car when they
riding the scooter and it indicate the conflict phenomenon of present traffic
environment.

In the aspect of the elderly life development and vehicle safety, the overall

researches point out that the elderly are under the risk to continue using the scooter in
their life, but still no evidence indicates what kinds of physical or environment

attributes threatenthe elder scooter usersin behind .
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2.5 Driving AbilitiesLimitson Elder Drivers

Aging will lead to declining cognitive, psychomotor and perceptual abilities,
determining the relationship between the various health problems (i.e., functiona
limitations, vision symptoms and conditions, and medical conditions). Age-related
illness problems and illness-related functional impairment are the main causes that
affect elder driver’s ability (Hakamies-Blomqvist and Wahlstom, 1998; Waller).

Healthy problems might impact on an individual’s mobility. Specific functional
limitations and medical conditions associated with driving status. Therefore, the
following section discusses the changes or limits of the elder group, including visual
and hearing abilities, reaction, and cognition, which might affect their abilities and

safety of driving.
2.5.1 Visual and hearing abilities

Pitts (1982) indicates that visual acuity remains relatively constant throughout life
until approximately age 50, and then declines faster with increasing age. Other research
has confirmed changes beginning around age 45 (Decina and Staplin, 1993) and more
severe declines after age 60 and older (Burg, 1966; Pitts, 1982; Laux and Brelsford,
1990). Another obvious change of older peopl€e’ svisual processis presbyopia, or loss of
accommodation, which means one' s disability to see things close clearly (Yanik, 1989).
It makes elder drivers moving their heads back and forth while driving to adjust the
distance to read the display or control labels clearly. Furthermore, side vision reduces as
people aged (Eby et al., 2000).

Vigon, perception and extremity reaction are basic three abilities for control
vehicles; while environment information is sent via vision to brain to make perception,
finally output in extremities reaction to process driving behavior. Moreover, many
driving behaviors count on vision ability; therefore, vision ability playing an important
role on affecting driving skills (Lin F., 2005).

Hearing degradation will start degrading since age 30, but middle and low
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frequency degrading is not obvious as high frequency degrading. The whole hearing
degradation begins after age 70 and it cause error of judgment on sound source (Lin F.,
2004). Figure 2.6 concluded how vision and hearing degrading according by age as

following.

25 45 65 85 105 25 45 65 85 105
Age Age

Figure 2.6 Vision and hearing degrading condition divided by age

Source: Fukuda R., Course content of environment design for the elderly

2.5.2 Reaction

The decreased action symptoms may affect the ability of safe driving, and raise the
chance of getting involved in an accident. Boren and Chiang measured the braking
response time through the driving simulator in their research in 1996. The result showed
that older people need longer time for reacting to unexpected barriers. Moreover,
according to the experimental result of Schlagin 1993, elder drivers, compared to other
age groups, need longer time tracking and reacting. Table 2.6 concluded the degrading

symptoms correspond to disease in the view of human factor.
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Table 2.6 Degrading symptoms cause by diseases
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Source: Human Factors Design Handbook, 1992

Ranney and Pulling (1989) proposed, “The slowing of reaction time associated
with aging has effects on driving skills related to vehicle control. Figure 2.7
summarized the procedure of human reaction affect driver’s decision process, and

shows that reaction related with driver’ s skill such as observation, judgment, and action.
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Therefore, once if the driver with slower reaction time, it comes with higher danger.

Observation Judgment Action
e Trafficsigns | e« Todow down | e L oosen the
e  Traffic controls | « Braking g accelerator
e Unusual e Tomaintain the e  Stepthe brake
situation speed e Keepdriving
A
A\ 4
Check for wrong decision <

Figure 2.7 Procedure of humanreaction

Source: Committee of traffic safety supervision, MOTC, ROC, 1994

2.5.3 Cognition

The difference of the elderly conscious changes may describe from the outside
physical degrading into inner of their mental situations. Physical effects on aging:
Ophysical declining; @brain function declining; ®physical information inputs
declining; and @comes with the society environment changes (cultures, religions, and
sense of self value, etc) effect the developments of the elderly life, conscious, life styles,
and personality gradually.

Elder drivers have declined abilities of cognition or psychomotor (Guerrire et al.,
1995). While age relates significantly to cognitive characteristics, distinct characteristics
relate to particular tasks. Elder drivers significantly higher estimated the car velocity
and the car distance (Scialfaet al., 1987), and when making decisions in the driving task,
they needed more time and might have difficulty locating targets in visual searching
(Ranney and Simmons, 1992).

Figure 2.8 is the framework to develop the Driver Decision Workbook (DDW, Eby
et a., 2000). From the framework of DDW shows a complete assessment instrument
that contains the dimension of health (including health condition and medication
condition), driving abilities (including visual ability, cognitive ability and motor ability)
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and driving experiences, attitude and behavior.
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Figure 2.8 Influences on older driver decision making

Source: Eby et a., 2003

Based on reaction and recognition review, the author concludes six points that

effect on scooter riding behaviors as following, and the relations are concluded in Table

2.6: OVisual impairment; @Hearing impairment; ® Memory impairment; @ Posture;

®Disorientation and ®Balance declining.
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Table 2.7 Degrading symptoms effecting on scooter riding

Degrading symptoms Effecting subjects on riding skill
Vision impairment Information receiving
Night riding
Reaction time
Hearing impairment Reaction time
Information receiving
Memory impairment Cognition
Judgment
Balance declining Skill to balancing scooter
Posture Comfortless riding
Fatigue
Reaction time
K eep scooter balance
Disorientation Cognition

2.6 Elderly scooter rider riding behaviors

Benekohal (1994) indicates the elderly population tendency by following three
points: ©® as growing of elderly population, the driver population rate of elderly driver
driving on high way and street will increasinge as well; @ elderly population resident
area changes from downtown to suburban; @ the increasing ratio of the elderly drive
vehicles by themselves alone. U.S. researches (Kara E. MacLeod, 2004) point out that
elderly adults reduce or modify their driving behavior or stop driving, increased age is
associated with reduced and modified driving behavior as well. Marottoli, Fonda,
Ragland, Carp, et d. indicate that these elderly adults decrease their activity, mobility,
and independence and increased depressive symptoms. In the other hand, Taiwan is
under the traffic environment with great amount of scooters, but the elder citizen starts
facing the inconvenient public transportation and applying scooter under undetected
risks.

“Driving safety while aging gracefully” this slogan is from NHTSA (National
Highway Traffic Safety Administration, USA) injury prevention for older driver website.
It indicates that older adults continue to drive into very old age, while many older adults

continue to drive safely, others develop declining functional abilities that negatively
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impact safe driving.

The elements of vehicle evasion content with prevision, speed, reaction time, and
reaction distance (Zhang, 2006). To riding a scooter need to acquire skills to keep the
scooter balance, but the scooter is belong to high risk transportation due to weak
protection for the rider. As shown in Figure 2.9 taken by the author, elder scooter rider
makes turning in carefully attitude but keep in slow speed but keep their feet closed to
the ground.

Figure 2.9 Conditions how the elder riders make turns

Elder drivers generally perceive their driving ability to be better than or equal to
that of their peers (Holland, 1993; Marottoi and Richardson, 1998) and better than that
of younger drivers (Groeger and Brown, 1989). As shown in the following Figure 2.10
taken by the author, the elderly scooter riding behaviors might leading to traffic
accidentsin potential such asignore safety protection, carrying too many passengers, or

put too much goods on the footpad.

Figure 2.10 Conditions how the elder riding scooter

Shen T.(2003) investigated the primary events that effect the elderly while riding

scooter in Taiwan area by five locations as shown in the following Table 2.8, the results
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shows not only prove elderly has scooter riding barriers but also uncover those similar
barrier events no matter with each location; he indicates four directions of ITS
(Intelligent Transportation Systems) information services in considering elderly scooter
riding barriers as shown in Table 2.9 as well © Provide driving information; @

Vision enhancement; @ Safety warning; @ Awareness and reaction enhancement.

Table 2.8 Primary events the elderly facing while riding scooter

Location | Primary Second Third

Taipel Sideswiping by vehicle | slower reaction Road Roughness
with sudden event

Tainan slower reaction with Easy felt fatigue Lack of attention to vehicle,

sudden events pedestrian or barriers
Chiayi Balance disorientation | slower reaction Lack of attention to vehicle,
with sudden events | pedestrian or barriers
Hualien& | Road Roughness slower reaction Sideswiping by vehicle
Taitung with sudden events

Source: Shen T.(2003), Application of ITS Technology for the Aging Society

Table 2.9 ITS driving application on aging society

User Transportation need of the elderly ITS solution

Provide driving information Navigation system

Vision enhancement Night vision enhancement
Car and scooter - -
drivers Safety warning Bump prevent warning

Awareness reaction enhancement Vehicle auto pilot system

Driver monitoring system
Source: Shen T.(2003), Application of ITS Technology for the Aging Society

2.7 Evaluating the scooter position with the elderly

A motorcycle or motorbike is a single-track, two-wheeled motor vehicle powered
by an engine. Styles of motorcycles vary depending on the task for which they are
designed, such as long distance travel, navigating congested urban traffic, cruising,
sport and racing, or off-road conditions (Wiki).But scooter is unlike the design position
of motorcycle, but in the way o present high mobility through urban city with limited

speed. In the view of scooter users, there two point to address if the scooter is qualified
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for the elder groups:

1

Suitability: Suitability represents the quality of having the properties that are
right for a specific purpose.
Necessity: Necessity represents the quality or state of being necessary,

unavoidable, or absolutely requisite.

2.7.1 Universal design

Universal design, which is related to "inclusive design” and "design for al,” isan

approach to the design of products, services and environments to be usable by as many

people as possible regardless of age, ability or circumstance. Mr. Ron Mace introduced

the approach in his famous UD seven principles. He defines universal design as "The

design of products and environments to be usable by all people, to the greatest extent

possible, without the need for adaptation or specialized design" (Mace, 1997), and hs

seven principles are:

1

Equitable use: The design is useful and marketable to people with diverse
abilities. The guidelines are as followed:

(1) Provide the same means of use for al users. identical whenever possible;
equivaent when not.

(2) Avoid segregating or stigmatizing any users.

(3) Provisions for privacy, security, and safety should be equally available to
all users. Make the design appealing to all users.

Flexibility in use: The design accommodates a wide range of individua
preferences and abilities. The guidelines are as followed:

(1) Provide choice in methods of use.

(2) Accommodate right- or left-handed access and use.

(3) Facilitate the user's accuracy and precision.

(4) Provide adaptability to the user's pace.

Simple and intuitive: Use of the design is easy to understand, regardless of the
user's experience, knowledge, language skills, or current concentration level.

The guidelines are as followed:
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(1) Eliminate unnecessary complexity.

(2) Be consistent with user expectations and intuition.

(3) Accommodate a wide range of literacy and language skills.

(4) Arrange information consistent with its importance.

(5) Provide effective prompting and feedback during and after task
completion

Perceptible information The design communicates necessary information
effectively to the user, regardiess of ambient conditions or the user's sensory
abilities. The guidelines are as followed:

(1) Use different modes (pictorial, verbal, tactile) for redundant presentation
of essential information.

(2) Provide adequate contrast between essential information and its
surroundings.

(3) Maximize "legibility" of essential information.

(4) Differentiate elements in ways that can be described (i.e., make it easy to
give instructions or directions).

(5) Provide compatibility with a variety of techniques or devices used by
people with sensory limitations.

Tolerance for eror: The design minimizes hazards and the adverse
consequences of accidental or unintended actions. The guidelines are as
followed:

(1) Arrange elements to minimize hazards and errors. most used elements,
most accessible; hazardous el ements eliminated, isolated, or shielded.

(2) Provide warnings of hazards and errors.

(3) Providefail safe features.

(4) Discourage unconscious action in tasks that require vigilance.

Low physical effort: The design can be used efficiently and comfortably and
with aminimum of fatigue. The guidelines are as followed:

(1) Allow user to maintain a neutral body position.

(2) Use reasonable operating forces.
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(3) Minimize repetitive actions.
(4) Minimize sustained physical effort

7. Size and space for approach and use: Appropriate size and space is provided

for approach, reach, manipulation, and use regardless of user's body size,
posture, or mobility. The guidelines are as followed:

(1) Provide a clear line of sight to important elements for any seated or
standing user.

(2) Make reach to all components comfortable for any seated or standing user.
(3) Accommodate variations in hand and grip size.

(4) Provide adequate space for the use of assistive devices or personal
assistance.

The concept of UD (Universal Design) contents human, society and environment
instead of previous thought that only concentrate the relation of users and product
maker with limited views. Therefore, in aspect of considering whole age levels and
environments, several UD evaluations and UD process are involved into product design
developments as references for product designers and managers. There are related
definitions from different field as shown in Table 2.10 which include the definition from
Mace, Five A-principles form Kansas State University and three supplementary rules
from Tripod design Japan base on original UD seven principles.

Table 2.10 Collections of universal design principles

Promoter Contents

Mace Equitable use

Flexibility in use

Simple and intuitive use

Perceptible information

Tolerance for error

Low physical effort

Size and space for approach and use

Mace Better design; More beautiful; Good business

Kansas State University Accessible; Adjustable; Adaptable ;Attractive ;
Affordable

Tripod design Japan Universal design seven principles plus three

supplementary rules:

Durability and economic compatible
Quality and aesthetic compatible
Healthy and environmental compatible
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2.7.2 Evaluate by universal design

The evaluations of the usage of scooter from the view of universal design seven

principles which refer to the hard and soft attributes from scooter and aging symptoms

from elder riders and are summarized in following Table 2.11.

Table 2.11 Evaluation on scooter by universal design principles

Universal design principle

Negative points

Equitable use(#1)

Security and safety is not equally available to all users

Flexibility in use(#2)

Facilitate the user's accuracy and precision.
Provide adaptability to the user's pace.

Perceptible information(#4)

No device to acquire scooter riding information

Tolerance for error (#5)

Require sustained physical effort

Need effort to achieveriding skill
Scooter  without safety protection itself
No information device to prevent crash

Low physical effort(#6)

Require sustained physical effort
Need effort to achieve riding skill
Scooter require rider’s skill to keep vehicle balance

Size and space for approach
and use(#7)

Provide adequate space for the use of assistive devices
or personal assistance

Provide a clear line of sight to important elements for
any seated or standing user.

In the view of universal design related with driving features. Watanabe N. (2005)

indicates the aging attributes related with the driving features base on the devel opment

of next generation vehicle as summarized in Table 2.12. The physical aging attributes

such as vision ability, reaction, driving posture have correlations with controlling

vehicles, and hard attributes such as the body structure, accessibility, control space and

vehicle information services have effects on the elderly driver’s reaction.
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Table 2.12 Driving factors of the elderly aging symptoms

Related driving features

Physical attributes of the elderly

Effective view field

Neck and shoulder stiffness
Short vision field

Driving reaction ability
Vehicle structure

Vision ability declined

Accessibility in/ off vehicle

Joint flexibility decreasing
Muscle activity decline

Widely control space

Neck and shoulder stiffness
Joint flexibility decreasing

Driving posture

Joint flexibility decreasing
Short vision field

Control ability
Control vehicle

Cognition declined
Joint flexibility decreasing

Visual measurement capability
Information

Cataract or presbyopia
Text and color recognized barrier
Cognition declined

Source: Watanabe N. (2005), Research of the intelligent personal mobility in

community

As the results, the elderly mobility barriers on scooter riding are summarized in

aspect of UD (Universal Design) including evolutions considering whole age levels.

The author analysis the scooter riding barrier experiences in three aspects. ®Vision and

hearing — vision field, glare recovery, near and far acuity, sensitive to light and depth

perception; @Reaction — joint flexibility, strength, reaction time, aging body posture,

balance disorder, neck and shoulder stiffness; and ® Cognition — divided and selective

attention, processing speed on behavior, and long term memory. Those aging symptoms

might bring riding barriers such as night riding, vehicle collision, take efforts on turning,

fatigue, lost drection, nervous , and Sturn riding and they are summarized in Table

2.13 asfollowed:
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Table 2.13 Aging symptoms related to riding barriers

Aging symptoms

Scooter riding barriers

Vision& Hearing

Short vision field
Glare recovery

Near& far acuity
Sensitive to light
Depth perception

Night riding
Vehicle collision

Reaction

Joint flexibility decreasing
Strength

Muscle activity decline
Grasp force declining
Reaction time

Posture change while aging
Balance disorder

Neck and shoulder stiffness

Take efforts on turning
Keep vehicle balance
Fatigue

Vehicle collision

Cognition

Divided attention
Selective attention
Processing speed
Long-term memory

Sturn

Lost direction
Nervous and anxiety
Vehicle collision
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2.8 Chapter Summary

Base of the literature review, it indicates scooter itself has cause the risk of the

elderly traffic accident, but lack of interventions to stop the raising accident rate.

Therefore, this research make position base on the literature review by following four

points:

1

The age level of the society is changing year by year, and increasing elderly
will be afuture target group. This research will focus on the pre-elderly since
age 50 and elderly as study subjects since this population is under the pace of
the huge Baby Boom generation (born between 1946 and 1964) and will step
into the ranks of senior citizensin next decades.

The vehicle environment in Taiwan is different with other countries, one of
the best examples is the scooter which provide in al around Taiwan traffic
environment. The pre-elderly and elderly in Taiwan also count on the scooter
very much in their daily life tours since they have applied scooter through
their younger age along with the eruption of scooter development in Taiwan.
Scooter fatality death rates of elderly and pre-elderly create another statistic
summit among whole populations which is not lower than younger generation
(age 15 to 24). Most of the elderly injured body parts are located on head, feet,
and synthetic events. Lin F.(2005) has mentioned that present elderly drivers
has a “danger avoidance” characteristic due to their long term experiences on
driving and recognizing traffic environment, and it helps them avoid
involving into unwell traffic situation and accidents. However, it is inevitable
the elderly’s fatality death hazard rate is three to four times higher than
younger’s. If related sectors are not starting concern the elderly mobility
issues, more future elderly will face higher fatality death hazards especially it
comes with more elderly on 2015 by emerging huge aging Baby Boomer
generation.

Scooter is under indistinct vehicle position for the elderly personal

transportation that raisesraising traffic accident rate due to its design direction
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exclude elderly degrading situation after examine in aspect of UD (Universal

Design). Moreover, visual, reaction, and cognitive abilities declining reflect

that scooter has fallen short of protection for the elder riders, and brings them

riding barrier experiences such as inconvenient night riding, balance disorder
with vehicle, fatigue, and nervous.

Limited researches indicate elderly facing the barriers on scooter riding; Shen
T. (2003) indicates events when elderly riding faced: Sideswiping by vehicle,

slower reaction with sudden events, bal ance disorientation and road roughness.
Lin F (2005) indicates the elderly drivers have danger avoidance
characteristic to reduce driving in danger circumstance. However, the
attributes which cause these scooter barriers remain stay in unknown statues.

Therefore, based on the reaction and cognition review, the author formulizes
the degrading symptoms effecting riding barriers by six points: @Ovision
impairment; @hearing impairment; @memory impairment; @®balance
declining; ® posture and ®disorientation.

Researches might find answers to the common disease of old age. But beyond
curing specific disease, researchers are also looking at interventions that could
delay or actually reverse the process of aging. Therefore, this study continues
finding attributes finding behind the elder group riding barriers for future

study on elderly scooter riding.

Consider and implement design development through each age level user’s
view instead of product maker’s is original point of UD (Universal Design).

In the other hand, scooter is applied with diverse usages for the all kinds of

age level in present Taiwan traffic environments and it's different with its

original design for specific target groups — women users. In consider safety

and usage for increasing riders — the elder group, this study use descriptive

guestionnaire to survey the elder groups’ opinionsin firsthand.
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Chapter3. Methodology

The questionnaires survey is held to explore the interviewee's opinions and barriers
with the scooters after reviewing the literature. With the results of the questionnaires, it
helps to reveal important opinions of unspeaking elder groups, and the government and

academic could make improvement for future elderly society development as well.

3.1 Questionnaires method

The function of research is to help obtaining clear answer to meaningful problems.
It is possible to make a board distinction between two types of survey: (1) the
descriptive, enumerative, census type of survey; (2) the analytic, relational type of
survey. The purpose of descriptive survey isto count. When it cannot count everyone, it
counts a representative sample and then makes inferences about the population as a
whole. The important point to realize is that such surveys tell us how many members of
population have certain characteristic or how often certain events occur. The job of such
surveys provide essentially fact-finding and actuarial, the collected result are often to
use to make predictions, for instance by comparing the results of surveys at different
times and producing a trend (A.N. Oppenheim). As a result, we can conclude that this

pilot questionnaires study is executed in the way of response distribution analysis.

3.2 Questionnair e process

In the aspect of exploring the elder groups opinions with scooter and restricted
research resource, these interviewees of the questionnaire survey are random sampling
from elderly in Taichung urban area. The content of questionnaires is divided in four
parts. @interviewees basic information; @ scooter riding frequency and usage;
®barriers when riding scooter, and @attitudes if continue riding scooter in the future.

SPSS and Microsoft Excel are applied to make statistic analysis to show to response
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distribution, and the total processin shown as following Figure 3.1.

Literature review

Basic Usage& Scooter riding Attitudes to
information frequency barriers scooter

N _/
vl

Questionnaires survey

v

Statistic analysis by SPSS and Excel

v

Questionnaire results

Figure 3.1 Questionnaire survey process
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3.3 Questionnaire structure

Based on review of the literature and personal observation, questionnaire survey is
divided in four parts by 26 questions. From the questionnaire, Q1 to Q11 are questions
about population basic information, Q12 to QO are frequency and usage of riding
scooter, Q21 is survey the barriers when riding scooter divided by 10 sub questions, and

Q22 to (6 are attitudes and opinions survey with scooter. Tables 31 concluded the

contents and structure questionnaire as follows:

Table 3.1 Questionnaire structure

Questionnaire structure

Item

Objective

Population basic
information(Q1-Q11)

Age, gender, marriage,
education, and income

To know the elder group scooter
riding habit and basic feature

Frequency and usage
of riding
scooter(Q12-Q20)

Freguency riding scooter
Average riding time
Average riding kilometers

Exploring how the elder groups
applying the scooter

Barriers when riding
scooter(Q21 divided by
ten sub-events)

®make turningwhile riding,
@recognize signals, @night
riding, @vehicle balance
control, ®scooter bumping
experiences, ®anxiety and
nervous, @fatigue, ®S-turn,
®lost direction

Exploring aging effects on the
riding behaviors and search the
exactly obstacle

Attitudes to replace
scooter instead in the
future(Q22-Q26)

The opinions of choosing
transportation in the future

Exploring the elder group
willing continue riding scooter

3.4 Implement of the questionnaire survey

3.4.1 Population and spot interview

The questionnaire survey interviewee's age is located the elder group from 50
years old as mention in chapter 2, and the survey area locates on the Taichung urban
area due to limited research resource. In the other hand, limited area interviewees can

make further cluster and cross analysis as well. The questionnaire the implemented by
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random sampling to each elderly and pre-elderly by oral interview if the elder group
confused with the content due to education level or handicapped , interviewer will

help them explain the content to writing the questionnaire.
3.4.2 Timelineexecute questionnaire

Survey time: From 2006 April 1% to May 1%
Questionnaire numbers: 62

Effective questionnaire subjects: 42

62 subjects are involved in this questionnaire, 42 effective samples continue riding
scooters, 9 illegible subjects, and 11 subjects not continue riding but include their age to

know the state of the riding situation from age group distribution
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Chapter4. Review of Questionnaire Results

This questionnaire is held as a pilot study for explore the elderly riding behavior

and more further for their riding scooter obstacle experiences. Therefore, the results

were carried out by the response distribution analysisand cross analysiswith the Excel

and SPSS statistics analysis software, and Figure 4.1 shows the structure of chapter 4 to

explain content of each section.

4.1 Population
characteristics

4.2 Scooter riding
barriers

4.3 Sdlf-assessments

4.4 - 4.5Cross&
cluster analysis

Basic information
Motivation purchasing scooter and usage for scooter
Riding characteristics per day and per week

10 scooter riding barriers on the elder group

Traffic safety awareness sdlf-assessment
Attitudes to replace scooter in the future

Cross analysis by gender and age level
Cluster analysis from the attitude to replace scooter

Figure 4.1 Structure of chapter 4 - Review of Questionnaire Results

4.1 Population char acteristics

The results of questionnaire basic information are divided into three parts to

discuss: @basic scooter riding data, @motivation purchasing scooter and usage for

scooter, and ®riding characteristic per day and per week, the subjects characteristics are

addressed in following section.
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4.1.1 Basic infor mation of subject

Table 4.1 summarized the basic characteristic of the subjects as follows:

1. Male and female subjects are about half and half; the survey shows the

percentage of people who riding scooter is getting less with aging, 80.9%

subjects are under 60 years old, and 19% is over 60 years old.

2. Most of subjects have an educational background of high school graduates
(33.3%), and the second are elementary (23.8%).

3. 91.9% of the subjects own their personal vehicle license, represents most of

them are qualified in law to riding the 50 c.c. scooter as well.

4. Half of the subjects (50.8%) have their own scooters, 28.6% of them own

their passenger car.

Table 4.1 Basic scooter riding data of subjects

Event Variable Subjects (unit: person) Percentage
Made 20 47.6%
Gender (Q1) Femdle 22 52.4%
51-55 20 47.6%
56-60 14 33.3%
Age (Q2) 61-65 5 11.9%
Over6s 3 7.1%
Elementary or below | 10 23.8%
Junior 3 7.1%
Education level Senior 14 33.3%
(Q4) College 7 16.7%
University 7 16.7%
Graduate or above 1 2.4%
None 5 8.1%
Vehicle license 50 c.c. scooter 11 17.7%
(Q9) 90 c.c. scooter 23 37.1%
250 c.c. motorcycle 1 1.6%
Passenger car 22 35.5%
None 2 3.2%
. Scooter 32 50.8%
Own venicle (Q10) 5 conger car 18 28.6%
Bike 11 17.5%
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4.1.2 Motivation purchasing scooter and usage for scooter

Investigating the motivation and usage why the elder group riding scooter in their
daily life, the results are as shown in Table 4.2.

1. Motivation: 61.9% of the subjects purchasing the scooter as the short distance
transportation tool are the highest percentage, second highest are for commute
(16.7%) and to pick someone up (16.7%).

2. Usage: for shopping is the main usage in 40.5% among entire questionnaire
samples.

3. Passenger capacity: 83.3% of the subjects only with one passenger, it means

the elderly riding the scooter only themselves alone frequently.

Table 4.2 Motivation and usage why subjects applying the scooter

Event Variable Subjects (unit: person) Percentage
Short distance %6 61.9%
Transportation

Motivation buying | Deliver goods 1 2.4%

scooter (Q12) To commute 7 16.7%
To pick someone up 7 16.7%
Else 1 2.4%
Visiting friends 3 7.1%
Shopping 17 40.5%

Usage (Q13) To pick someone up 6 14.3%
Go Exercising 1 2.4%
To commute 15 35.7%

Passenger capecity 1 35 83.3%

(Q14) 2 6 14.3%
Over 3 1 2.4%
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4.1.3 Riding characteristics per day and per week

Table 4-3 summarized frequency and scooter riding conditions per day, the result
dividesin four parts:

1. Riding time per day: the results shows subjects take scooter in short time
riding, the order of results fall on ®10-20 minutes (38%) and @less than 10
minutes (29%).

2. Riding frequency per day: the subjects take few runs ridings per day, the order
of results are ®two times (38%) per day and @one time (35%).

3. Riding distance per day. 50% of all subjects take riding less than two
kilometers per day; others are @2-4 km (24%) and ®4-6 km (17%).

4. Averageriding time in one turn: 50% of subjects take under 10 minutes using

scooter in average per run, 10-20 min (36%) by the second.

Table 4.3 Frequency and times of scooter riding per day

Event Variable Subjects (unit: person) Percentage
Under 10 12 29%
10- 20 16 38%
Riding time everyday (unit: 20- 30 8 1?%
min: Q15(1) 30- 40 1 2%
40- 50 1 2%
50- 60 3 7%
60-70 1 2.4%
0 3 7%
Riding frequency everyday L 10 24%
(unit: times; Q15(2)) 2 18 43%
' 3 9 21%
4 2 5%
0-2 21 50%
Riding distance everyday 24 10 24%
(unit: km.; Q16) 46 ! 17%
' 6-8 3 7%
More than 8 1 2%
Under 10 21 50%
Average riding time in one 10-20 15 36%
turn (unit: min; Q17) 20-30 4 10%
' 30-40 1 204
50-60 1 2%
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Table 4.4 summarized frequency and scooter riding conditions per week, the
results divide in three parts:

1. Daysriding scooter per week: the subjects are high scooter using rate group,
and each percentage of riding days by order is as follows: @everyday (38%),
@6 days (14%).

2.  Riding frequency per day: ®occasionaly (41%), @often (26%), @ Seldom
(19%), @ seldom (19%), @ aways (10%) and ® never (5%).

3. Riding distance per week: there are two summits among event variables, the
order isasfollows: ®over 8 km(33%) @0-2 km (29%), and ®2-4 (24%). By
checking the source data of subjects who choose over 8 km, it is found that

most of them are using scooter for commuting or delivering goods as main

usage.

Table 4.4 Frequency using scooter per week:

Event Variable Subjects (unit: person) Percentage

0 2 5%
1 2 5%

2 5 12%

Days riding scooter by week | 3 5 12%
(unit: day; Q15(3)) 4 6 5%

5 4 10%

6 6 14%

Everyday 16 38%
Never 2 5%

. Seldom 8 19%

(R(lg(ilga)f)requency per week Occasionally 17 41%

Often 11 26%

Always 4 10%

0-2 12 29%

Riding distance per week 24 10 24%
(unit: km.; Q19) 46 2 S%

' 6-8 4 10%

Over 8 14 33%

Compare each elderly total riding distance per week, Figure 4.2 summarized each
response and calculate the main riding distance as shown follows; it could divided into

two groups, short distance and long distance riders. The short distance rider is the most
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of the questionnaires. Percentage of the elderly riding distance from O under 4 km is
53% (N:gZ), it indicates that more than half of the elderly take scooter as short distance

transportdtion.
Q

o
N
N
N

4 -6 6-8 over 8

Di stance(unit: km)

Figure 4.2 Average riding distance per week

Another part in the questionnaire investigates the subjects if they ever have car
accidents in the last one year, 78.6% (N==33) of the subjects have negative answer,
while they have risk avoidance characteristics as literatures shown. In the other words,
there has 22.4% (N=11) of the subjects did have accidents or collision in the last year.
Table 4.5 summarized the result and conclude questionnaire events as follows

1. Accident type: main accident type is collison which bumped by vehicles by

9.6% of whole subjects; 4.8% (N=2) of subjects have experiences be bumped
by scooter, while 4.8% were bumped by car.

2. Accident place and time: Main accident places focus on roadway, lane and

intersection; accident time section mainly falls on afternoon (9.5%, N=4) and
morning (7.6%, N=3).




Table 4.5 Frequency distribution of accidentsin this year

Event Variable Subjects (unit: person) | Percentages
Bumped by car 2 4.8%
Bump on someone’s 1 2 4%

Have any accident Scooter

EXDEriences in Bumped by scooter 2 4.8%

2085(Q20) Hit object on road 1 2.4%
Else 3 7.1%
_Never have accidents 33 78.6%
in last year

0,

Place accident Roadway 3 7'10/0

happens(Q20) Lane 3 7.1%
Intersection 3 7.1%
Daybreak 1 2.4%

. . Morning 3 7.1%

Time section(Q20) Midday 1 > 2%

Afternoon 4 9.5%

4.2 Experiences of riding scooter barrier

Each questionnaire events are calculated into response distributions and pick up
high frequency events to make deep result research by cross analysis and cluster
analysis to explore the correlations between scooter barrier experiences and effecting
attributes which the summarized procedure as following Figure 4.3.
o |::}Cross analysis base on

Order of obstacle attributes barrier attributes

Questionnaires

1 | Order of attitudes/ opinions Cluster analysis basa

on attitudes/ opinions

Responses distribution

Figure 4.3 Procedure of questionnaire analysis

Figure 4.4 summarized the response distributions of scooter riding barrier

experiences by following nine points by order of frequency.: @Nervous; @Control
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vehicle balance; ®Night riding; @ Turning; ®” Recognize signal” and “Fatigue” at the
same phase; ®Be bumped by vehicle; @Bump on object; ® Lost direction when riding;
and ®S-turn.

100

80. B %

60. 0%
’ 45. 2 6% S0 0%

40. 038 . 3%

26. 2
20. ¢ |§
0.0"\1\0’\ |k|§
A

11.9%
)

< >

Figure 4.4 Percentage of having scooter riding barriers

Further details are addressed as follow sections by the order of each scooter riding
barriers event in the questionnaire Q21

1. Attributes cause nervous situation when riding scooter: the event of rervous

has the most higher percentage in the questionnaire by 50%; “slower reaction

time” cause the riding obstacle most often, the order of each attribute is as

follows: ®Slower reaction time, @inattention, ®else, @vision degrading and

strength and grasp force degrading, ®disorientation. Figure 4.5 summarized

the percentage of each attributes.
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Figure 4.5 Attributes cause nervous when riding scooter

2. Attributes cause obstacle of control vehicle balance when riding scooter: 48%
subjects have riding experiences with control vehicle balance obstacle by the
second high place among the questionnaire events. “Balance disorder” is the
higher attribute by 20% among whole subjects. Figure 4.6 summarized the
attributes as follows: ®balance disorder, @< ower reaction time, @inattention,

@vision degrading, and rachis disease and el se.

Inattention
7%

Vision
B [nattention

B Vision
m Balance disorder
| Reaction time

 Hearing

Reaction time

10% Joint function

B Rachis disease
.

h T Hearing
h \ 3% else
\;-l-. i ___ loint function ® none
- i \ = 2%
S Bl

—Rachis disease
2% 2%

Figure 4.6 Attributes cause control vehicle balance barrier

3. Attributes cause night riding barrier: 45% of elderly have night riding obstacle
as the third place among all. Vision degrading effect by 21% among this event.

Figure 4.7 summarized the result and shows the attributes as follows: ®vision
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degrading, @else, ®inattention and slower reaction time, @balance disorder,

hearing degrading and joint function decline.

Inattention
5%
N Inattention
B Vision
Balance disorder ® Balance disorder
2%
B Reaction time
Reaction time ,
gap ®m Hearing
none 2 : >
Hearing Joint function

55%
0,
2% melse
Joint function
2% noneg

Figure 4.7 Attributes cause night riding barrier

4. Attributes cause waste efforts on turning: 33% of elderly have barriers on
waste efforts on turning scooter in intersection, the order of attributes are
counted as follows: @slower reaction time, @inattention, @balance disorder

and @vision degrading; Figure 4.8 summarized the result.

Inattention
10%
B Vision H Inattention
g 2% m Vision
nce disorder

79, ® Balance disorder

B Reaction time

H none
Reaction time
14%

Figure 4.8 Attributes cause waste efforts on turning

5. (1) Attributes cause recognize the signals obstacle: 26% of the elderly have

experience with recognize the signals when riding scooter, and the result as
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conclude as follows and summarized in Figure 4.9: ®vision degrading,

®@inattention, @reaction time and el se.

Inattention
10%

H [nattention

® Vision

® Reaction time
Helse

Reaction time
2% ®none

else
2%

Figure 4.9 Attributes of barrier experience of recognize the signals

(2)Attributes cause fatigue while riding scooter: There are many attributes involve
in, while 8% subjects have strength and grasp force degrading asfirst place in this event.
26% of the subjects indicate that ever had fatigue experience while ring scooter, and
conclude as follows in Figure 4.10: ®@strength and grasp force degrading (8%), @rachis
disease (7%), ®inattention (2%), vision degrading (2%), and slower reaction time (2%).

Inattention
3%

e | Inattention
Vision
3%  Vision

Reaction time o
2% ® Reaction time
Strength& grasp B Strength& grasp
Lo L B Joint function
74%

loint function Rachisicasse

2%
Rachis disease H else
Q,
7% nong

else
2%

Figure 4.10 Attributes cause fatigue while riding scooter

6. Attributes of be bumped by vehicle: 24% subjects have experiences with
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bumper by vehicle. There are three attributes involve, the order is as follows:
Oinattention (14%) @slower reaction time (5%) and else (5%) as shown in

following Figure 4.11.

Inattention
14%
H Inattention

: Reaction time
Reaction time I

o B else
none %

76% H none

else

5%

Figure 4.11 Attributes of be bumped by vehicles

7. Attributes cause bump on object: 22% subjects have experiences bumping on
object, the order of attributes is as follows and summarized in Figure 4.12:

®slower reaction time (12%), @inattention (5%) and el se (5%).

Inattention
5%

B |nattention

Reaction time Reaction time

none
78%

melse
®none

else
5%

Figure 4.12 Attributes cause bump on object

8. Attributes cause lost direction while riding: The order of the cause attributes

are ® memory deficits and @inattention. 12% of the subjects have lost
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direction experiences while riding by last second place among questionnaire
events.

9. Attributes cause Sturn: Only 4% subjects have Sturn experiences by last
place among all events, the order of attributesis as follows. @ lost direction
(2%), @else (2%).

Table 4.6 concludes the relationship of ten events and main effecting attributes
which selected by each percentage; Furthermore, Figure 4.13 (page 53) concludes the
percentages of each attributes distribution among all events; it indicates there are four
major attributes with significant percentage among each event as well, the order of four
attributes as follows: inattention, slower reaction time, vision degrading and sense of
balance.

1. Inattentiont Inattention has high percentages in the four events - turning,
recognize signal, nervous and be bumped. Be bumped by vehicles is the first
place among whole events by 14%, and following are turning, recognize
signal, and nervous each in 10%.

2. Vision degrading: recognize signal obstacle and avoid night riding are first
place among al. In the category of avoid night riding, vision degrading
Attributes has 21% among whole elderly as the highest in the single category.
Recognize signal obstacle is the second highest in this category after vision
factor by 12%.

3. Slower reaction time: slower reaction time has effect on many questionnaire
categories, the order is as follows: @cause nervous (19%), @cause turning
obstacle (14%), @ cause bumper on object (12%), and @night riding obstacle
(11%).

4. Sense d balance obstacle: sense of balance effect higher in control vehicle

balance by 19% among whole samples.
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Table4.6 List of attributes effect on each event

Event

Attributes

Nervous

Slower reaction time, inattention

Control scooter balance

Balance disorder, slower reaction time

Night riding

Vision degrading

Waste efforts on turning

Slower reaction time, inattention

Recognize the signals

Vision degrading

Fatigue

Strength and grasp force degrading, rachis disease

Be bumped

Inattention

Bump on object

Slower reaction time

Lost direction

Memory deficits

S-turn

Disorientation

52



254

21 %

209 19% 1o%

1 4 %

I nattentiisomBense Roefact iSomengléd&r i ngoi nt Rachi Sense Mefmory el se
bal ancei megrasp force functidoinseagsleg ectdeofni ci t's

OTurning
EBRecognNi
ONi ght r
Ovehicle
EBBump on
OBe bump
BNer vous
OFatigue
BS-turn
ELost di

re si

di ng

gnal

bal ance

object

e d

rect i

Figure 4.13Comparison of percentage of attributes within each questionnaire event
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4.3 Self-assessment and attitudeswith scooter

This part of questionnaire events is designed for investigate the respondent’ s riding
behavior and opinions for scooter. Likert scale is applied on this questionnaire to
measure the frequency of subjects riding behaviors; the five descriptive substantives of

rating scale are as follows: Never, Seldom, Occasionally, Frequently, and Always.

4.3.1 Traffic safety awar eness self-assessment

This section explains the elder rider’s riding self-assessments content by following
five points: ®Freguency watching rear mirror while riding; @Freguency wear helmet
when riding scooter and self-assessment of personal riding safety; @People's concern
for the respondent riding behavior; @Attributes cause brake emergently while riding
scooter; ® Scooter riding habits crossing intersection.

1. Freguency watching rear mirror while riding (Q22 (1)): The result indicates
that subjects have different cognition on watching rear mirror. The response
distribution is as follows. Frequently (40%), seldom (24%), occasionaly
(19%), never (10%), and always (7%) as shown in following Figure 4.14 .

W Neaver
Seldam

m Oocasionzlly

H Often

W Always

Figure 4.14 Frequency watching rear mirror whileriding

2. Frequency wear helmet when riding scooter and self-assessment of personal
riding safety (Q22 (2)-(4)): Taiwan traffic regulations declare that every

scooter rider hasto wear helmet while riding scooter. Figure 4.15 summarized
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the elderly riding behavior frequency; the results indicate that subjects are
used to wear helmet before riding on road. In the other hand, conflicts of elder
groups safety awareness might observed from following Figure 4.15 and 4.16;
over half of subjects believe their own helmet provide enough safety, but the
helmets they everyday wear are unsafely semi type ones. The results might

remind the elder groups to enhance their safe riding consciousness .

W Mever

o Seldom

o Cocasionally
mCHer

[ TETRS

Figure 4.15 Frequency wear helmet while riding scooter

o Very unsafely

ery unsafely
2% m Unsafiely
: U";:?L" ® Cccasionally
m Safely
m Very safely

Figure 4.16 Self- assessments for their own helmet safety

B sem-bRelmet

i

371 helmet
m Full helmet

M Elselrhange w westner)

Figure 4.17 Percentages of wearing helmet categories
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People’s concern for the respondent riding behavior (Q22 (5)&(6)): this even
is set to investigate how much the respondent’s friends or family members
concerned about their riding behavior. Figure 4.18 summarized the frequency
of reminders tell the elderly watch out their riding, seldom(33%),
occasionally(29%), and frequently(21%); Only 2% subjects of al have

suggestionto quit riding scooter from family doctor or medical institution.

W Never
Seldom Seldom
339% H Occazionally
W Often
B Alweys

Figure 4.18 Percentages of how friends and family of the elderly concerning about

their scooter riding behavior

4.

Attributes cause brake emergently while riding scooter (Q23 (1)): 64%(N=27)
of the subjects have indicate several factors from the questionnaire, and
Figure 4.19 conclude the attributes as follows:®Not notice front vehicle
situation (33%), @not notice traffic signal (30%), ®slower reaction time
(26%), and @else (11%).

Otter & WAYS
267

W Mever
Seldaom

mCcgesonally

mOftan

W Always

52%

Figure 4.19 Attributes will cause brake emergently while riding scooter
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5. Scooter riding habits crossing intersection(Q23): Questionnaires investigated
the subjects’ scooter riding behaviors via following events. ®Speed cross
roadway intersection, @Frequency making left turn on the red traffic light,
®lIndirect left-turning at T-intersection, and@Frequency of using scooter

traffic indicator, and it's summarized in following Table 4.6

Table 4.7 Riding habits of the subjects

Event Variable Supj .ects Percentage
(unit: person)
0-10 10 24%
Speed cross 10-20 16 38%
intersection(Q23 20-30 8 19%
(2) 30-40 7 18%
40-50 1 2%
Never 12 29%
Make right turn Seldom 20 48%
while red light Occasionally 4 10%
(Q23 (3)) Often 5 12%
Always 1 2%

) . Never 2 5%
Indlr_ect Ieft—tgrnl N9 "Saldom 1 26%
at T-intersections : o
(Q23 (4) Occasiondly 10 24%

Often 12 29%
Always 7 17%
Freguency using Seldom 2 %
. Occasionally 2 5%
scooter traffic
indicator(Q23 (5))  |-2ten 18 43%
Always 20 47%

How long of the riding time will cause fatigue: Long time riding will cause
physical fatigue, but riding time scooter rider can bear comes shorter while aging. As
shown in Figure 4.20, the summit group of scooter riding fatigue falls on 20-30 min by
12 subjects, and consider if another transportation instead.52% of the subjects attribute
the factor of scooter riding fatigue to uncomfortable riding posture, and 17% attribute

the factor of fatigue to inattention as shown in Figure 4.21.
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Figure 4.20 How long of the riding time cause fatigue
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Figure 4.21 Attributes cause long ti meriding fatigue

The elderly indicates there are two scooter riding danger circumstances from the
survey; one is alley (46%), and the other as roadway which conclude the opinions in

following Figure 4.22.
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Figure 4.22 Dangerous circumstances when riding voted by the elderly
4.3.2 Attitudesto replace scooter in the future

Ever concern if reduce using scooter in the future (Q25&26): In the event of
self-assessment if use optional transportation instead of current scooter, the attitudes of
the subjects are divided as followed which referred to Figure 4.23:

1. Continue riding: 55% (N=23) of the subjects consider they will reduce using

scooter.

2. Consider replace scooter with other transportation: 36% (N=15). Most

subjects in this group intend to walk or take public transportation instead;
Figure 4.22 indicates the percentage of their option transportation choices.
3. Watand-see: 10% (N=4) with wait-and-see attitude cannot imagine their

future with scooter.

moalectric mobiity
sl

W ale

Figure 4.23 Replace options from replace scooter group
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Explore the opinions of respondent keep riding scooter, the main reason of theirs
are divided into three parts as follows and shown in Figure 4.24

1. Insufficient mobility (51%)

2. No vehiclefit the environment except scooter or concern vehicle size (21%)

3. Diseaseor eco directed (14%)

Most of them are concerned about this vehicle mobility as short distance tool to

help the elder group moving around their neighborhood area.

B Insufficiert mahility

Fronomica & fuel consumption

icle fit the
I i anmenrt
A4

m Vehicle size

B Mo vehicle fit the enviraament

B Diseasef physical degrading
else

sased physical

degracing

I%

#%

Figure 4.24 Attributes effect them continue using scooter

4.4 Crossanalysis

As mentioned in the front section of scooter riding, the cross analysis is
implemented to get further characteristic of the subjects base of their gender and age
level. Top four riding obstacle events in the questionnaires are choosing to discuss as
followed: ® avoid night riding, @ nervous, @ to keep vehicle balance, @ waste efforts

on turning.

4.4.1 Cross analysis base by gender

This part of cross analysisis base on subjects’ age level as following, based on the
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analysisresult as shown in Table 4.7 and 4.8:

1

Avoid night riding: vision degrading is the main attribute which male by 50%
and female by 44% among vision grading group; “Else” (33%) is the second
place in the female part which they indicate the reasons are their early daily
living activities and afraid of public security of Taichung city in the night.
Nervous. sense of balance disorder is the main attribute which male by 50%
and female by 31% among this nervous group. There is a decentralizedresults
distribution in this analysis. The attribute “Else” with higher percentagein this
event, and the subjects refer to the cause of Taiwan inconvenient and
dangerous traffic environment by review of each questionnaire. The second
effecting attribute for the female is inattention.

To keep vehicle balance: sense of balance disorder isthe main attribute in this
event which male by 38% and femae by 42%, and secondary attribute is
slower reaction time.

Waste efforts on turning: slower reaction time is the main attribute, secondary

atribute is sense of balance disorder
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Table 4.8 Cross analysis of avoid night riding by gender

Avoid night riding

Inattention Vlson' Sense of balance SIower reaction Hearing Jom@ fynctlon Else Total
degrading disorder time obstacle declining
Male 2 5 0 2 1 0 0 10
Percentage 20% 50% 0% 20% 10% 0% 0% 100%
Female 0 4 1 0 0 1 3 9
Percentage 0% 41% 11% 0% 0% 11% 33% 100%
p-value= 0.121
Table 4.9 Cross analysis of nervous by gender
Nervous
. Vision Sense of balance  Strength& grasp Sense of

I HETIE degrading disorder force degrading direction Bz eI
Mae 1 1 4 0 0 2 8
Percentage 13% 13% 50% 0% 0% 25% 100%
Female 3 1 4 2 1 2 13
Percentage 23% 8% 31% 15% 8% 15% 100%

p-value= 0.703
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Table 4.10 Cross analysis of keep vehicle balance by gender

To keep vehicle balance
e Sense of . . . .
natention oty DA e e delining | dase B Totd
disorder
Mae 1 0 3 2 1 0 1 0 8
Percentage 13% 0% 38% 25% 13% 0% 13% 0% 100%
Femae 2 1 5 2 0 1 0 1 12
Percentage 17% 8% 42% 17% 0% 8% 0% 8% 100%
p-value= 0.630

Table 4.11 Cross analysis of waste efforts on turning by gender
Waste efforts on turning

Inattention Vision degrading Sense of balance disorder Slower reaction time Total
Mae 3 0 1 3 7
Percentage 43% 0% 14% 43% 100%
Femae 1 1 2 3 7
Percentage 14% 14% 29% 43% 100%

p-value=0.506
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4.4.2 Cross analysis base by age level

The part of cross analysis is held by the subjects’ age level every ten years instead of

five years level because of limited population size in the older age over 65 years old.

Therefore, the age levels are divided by 50 to 59 years old and 60 years old above. In the

end, this part of analysis targets on the pre-elderly 50 to 59 but disregard age 60 above due

to insufficient population numbers. The results of main four barriers (Q21(1), (3), (4), and

(7))are shown as follows:

1

Avoid night riding: vision degrading has dlightly significant influence on these
two age levels. Most subjects who's age 51 to 59 years old indicate the main
attribute cause them reduce nigh riding is vision degrading; But the opinions of
subjects age above 60 years old are different and have a decentralized results
distribution, such as inattention, vision degrading, slower reaction time, joint
function declining. From those features, we might conclude the totally aging on
the physical and cognition cause various aging symptoms while age growing up.
Therefore, synthetic aging symptoms make the elderly face severeriding fatality
hazards while age rising.

Nervous: Sense of balance disorder (44%) is the first place attribute in 51 to 59
years old age level. In the age level 51 to 59 years old, else (19%) is the second
place attributes which they refer to be influenced scooter riding by severe traffic
environment.

To keep vehicle balance: Sense of balance(44%) is the first place attribute in
51 to 59 years old age level while slower reaction time in 60 years old above.
Waste efforts on turning: slower reaction time (45%) is the main attribute
affecting the subjects while make turning, and inattention (27%) by the
secondary attribute. Age level that 60 years old above has a decentralized results
distribution, and the attributes are shown as follows: slower reaction time, sense

of balance disorder, and inattention
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Table 4.12 Cross analysis of avoid night riding by age level

Avoid night riding

Vision

Sense of balance Slower reaction

Hearing Joint function

Inattention degrading disorder time obstacle  declining Tk et
51-59 1 8 1 0 1 0 2 13
Percentage 8% 62% 8% 0% 8% 0% 15% 100%
60 above 1 1 0 2 0 1 1 6
Percentage 17% 17% 0% 33% 0% 17% 17% 100%
p-value=0.148

Table 4.13 Cross analysis of nervous by age level
Nervous

I nattention ?j/lson. Sfense Bl Eles gg%‘tgfc‘e Sense of direction Else Total

egrading disorder :
degrading
51-59 2 1 7 2 1 3 16
Percentage 13% 6% 44% 13% 6% 19% 100%
60 above 2 1 1 0 0 1 5
Percentage 40% 20% 20% 0% 0% 20% 100%
p-value=0.582
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Table 4.14 Cross analysis of keep vehicle balance by age level

To keep vehicle balance
. Vision Slower Hearing Joint function  Rachis

Iz MERLER degrading reaction time obstacle declining disease 2z eI
51-59 3 1 2 1 1 0 1 16
Percentage  19% 6% 13% 6% 6% 0% 6% 100%
60 above 0 0 2 0 0 1 0 4
Percentage 0% 0% 50% 0% 0% 25% 0% 100%

p-value=0.308
Table 4.15 Cross analysis of waste efforts on turning by age level
Waste efforts on turning
Inattention Vision degrading Sense of balance disorder Slower reaction time Total
51-59 3 1 2 5 11
Percentage 21% 9% 18% 45% 100%
60 above 1 0 1 1 3
Percentage 33% 0% 33% 33% 100%
p-value=0.888
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4.5 Cluster Analysis

This part of the section is to describe the cluster analysis base of the questionnaire
event (Q26 refer to appendix 1) which investigates their attitude for scooter in their future
and is concluded in Table 4.16. we also discuss three clusters as follows referred to their
riding barrier collected in Table 4.17 :

1. Replace scooter in the future: 64 % (N=28) of al the subjects are referred to this
cluster and it indicates they are the group that despairing using the scooter in the
future. The percentages of their obstacle experiences are higher than other
clusters. Table 4.17 indicates the experiences they have met while riding are as
follows. ®feel nervous when riding (54%), @avoid night riding (50%) and
Qkeep vehicle balance (50%).

2. Mobility and economic directed: 24% (N=10) of all the subjects are referred to
this cluster and it indicated they are the group that willing keep using scooter in
their elderly life. To get more advanced mobility and save fuel consumption are
the characteristics by comparing the referred attributes. The referred attributes of
this cluster are concluded as follows @High mobility (N=7), @ tinny vehicle
size (N=2), and ® economical and low fuel consumption (N=1).

3. Conservative: the subjects refused accepting any other vehicles instead, due to
some reasons although they have obstacle on scooter riding. The reason that they
cannot give up scooter riding may cause of their personal disease that force them
using scooter as transportation, or dtill take scooter for certain usage such as
delivering goods and taking children. The referred attributes from Q26 are
concluded as follows.: ®@persona disease (N=2), @take scooter as specia

usability tool (N=1) and refuse any other vehiclesinstead (N=1).
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Table 4.16 Cluster categories

Cluster (from Q26) Referred attributes Subjects (Unit: person)
Replace scooter in the future Replace scooter in the o8
(Q26(1)) future
High mobility 7
Mobility&. economic (Q26(2)) | cconomica andlowfuel )
consumption
Tinny vehicle size 2
personal disease 1
take scooter as special >
Conservative (Q26(2)) usability tool
refuse any other vehicles 1
instead
Table 4.17 Features of each cluster from questionnaire
Cluster Replace in the future |[Mobility& economic Conservative
Subjects Pf“ie”tage Subjects Pf“ie”tage Subjects 'jercmtage @
Population of cluster of cluster cluster
Agelevel [51-55 |12 43% 6 60% 2 50%
56-60 |10 36% 3 30% 1 25%
60-65 |3 11% 1 10% 1 25%
over 65|3 11%
Mae |14 50% 5 50% 1 25%
Gender
Femae |14 50% 5 50% 3 75%
Obstacle experiences
Turning 9 32% 2 20% 3 75%
Recognize Signal |8 29% 2 20% 2 50%
Night riding 14 50% 4 40% 1 25%
Keep vehicle 14 50% 3 30% 3 75%
balance
Bumped on object |6 21% 2 20% 2 50%
Bebumpedby 7 5% |3 30% 1 25%
others
Nervous 15 54% 3 30% 3 75%
Fatigue 7 25% 2 20% 2 50%
Lost direction 3 11% 1 10% 2 50%
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4.6 Chapter Summary

4.6.1 Results of questionnaire survey

Base of the statistic results review and anaysis, the summary of this chapter is

concluded as follows;

1.

Characteristic of subjects: male and female subjects are about half and half,
91.9% of them owe their scooter license which represent they are qualified in
law to riding scooter. The elder groups are belonging to high frequency
applying scooter users; the scooter purchasing motivation is for short distance
transportation and main usages are shopping in first place, the second is
commuting to work.

Safety awareness. Elder groups safety consciousness difference is found from
the questionnaire event results of wearing helmet; half of them believe their
helmets provide with sufficient protection, but somehow the helmet they wear
are semi type helmet. The results might indicate the elder groups need to enhance
their safety awareness to keep safety riding after all.

Fatigue durability of the elder groups' riding is located within 30 minutes; the
main reasons which they attribute to uncomfortable riding posture and their
inattention of riding consciousness.

Scooter riding barriers experience: ®nervous, @control vehicle balance, ®avoid
night riding, and @waste efforts on turning are main barriers that the elder
groups meet in their scooter riding experience.

Attributes cause riding barrier in behind: Oinattention, @vision degrading,
®dower reaction time, and @sense of balance disorder is the mgjor attributes
that happen with high frequency among obstacl e experiences.

Cross analysis by gender: Gender has no widely differences with results of the
scooter riding barriers (p-vaue >0.05); vision degrading and sense of balance
disorder are the main attributes that pre-elderly indicated from their riding

barriers.
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Cross analysis by age level: Age level has no widely differences with the results
of scooter riding barriers (p>0.05), and it also shows a decentralized distribution
while age level risng on age 60 above. The reasons might be the entirely
physical and cognitive aging of the elder groups themselves. Moreover, these
three attributes — “vision degrading’, “senses of balance disorder” and “slower
reaction time” have affects on riding for pre-elderly from age cross analysis.

Cluster analysis. It is divided the subjects into three groups based on their
attitudes on scooter based on questionnaire event #26 and described as followed:
Oreplace scooter in the future; @mobility and economic directed and ®
conservative. Most of subjects (64%) belong to the cluster of “replace scooter in

the future” and with negative attitudes on the future applying scooter.

4.6.2 Results comparison with literature

This session is addressed to compare with the literature review and check the status of

the study, and list as below:

1

Compare with previous survey summary, Similar results happen in barriers
experiences such as “control vehicle balance” and mgor attributes related to
riding barriers such as “sower reaction time”, and “sense of balance disorder”.
Shen T.(2003) indicates four events that the elderly facing in primary:.
OSideswiping by vehicle; @Sower reaction with sudden events, ®Balance
disorientation and @ Road roughness.

Compare with previous literature review, the questionnaire survey provides
extend results beyond researches. Therefore, direct opinions and person
experiences provide conclusive evidences that current elderly and pre-elderly

involved within riding barrier experiences through this pilot study.

70



Chapter5. Conclusions

As the elderly population grows more numerous and changed the society structure,

the public and private sectors should take efforts to study the elderly topics in hence it

brings negative impact to society. But there are few researches on the issues with the

elderly driving safety in Taiwan. Therefore, this pilot study explores the traffic fatalities

with the elderly and investigates the elder group’s options through questionnaires survey.

Moreover, the study gave a sketch of this issue through the elder rider’ s opinions, and

expects to show scooter riding difficulties of the elder group (include pre-elderly and

elderly) that present literatures lack of.

5.1 Discussion

From previous questionnaire survey and literature, the following section is addressed

to discuss the scooter riding issuesin aspect of safety by following three points:

1.

Safety awareness. From the results of questionnaire survey, we can conclude that
some of the elder groups lack of safety protection by themselves and
under-estimate their safety consciousness, such as misunderstanding the safety
on semi-helmet and disobey traffic rules occasionally. Therefore, we also
indicate improving the safety not only include the refinement of scooter itself,
but also consider to upgrade their safety awareness through post-training. Riding
skill examination and tutorials of safety riding behavior might be a considerable
idea to implement as a short termsolution; for example, to avoid take efforts on
turning by take indirect left turn at cross section and keep distance with nearby
vehicles. However, the scooter riding license renewing in Taiwan only restricts
on document examinetion without personal riding skill and physical condition
assessment. It might be lead the elder groups keep riding even one day happen
with vehicle accidents or be suggested stop riding by medical center. Although
Lin F. (2005) indicates the elderly has the characteristic of danger avoidance;

Moreover, we suggest if the elder groups understand their physical condition
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limits might lead them obey safety riding behaviorsin al riding environment. In
the aspect of raising their safety awareness, we address strongly the relative
sectors evaluate the impact of their safety protection while pre-elderly in 2004
will step into elderly by 2015.
Scooter development for the elder groups. The results of questionnaire survey
indicate the elder groups take scooter as daily transportation as well. Similar
distribution results with previous literatures, more than half of the elder groups
continue applying scooter as a short distance transportation However, scooter
itself belongs to a skilled transportation that need efforts to keep it in balance,
and brings the inconvenience for the elder groups; for example, the elder groups
indicate they cannot tolerate long time (less than 30 minutes) riding due to their
aging posture and vehicle vibration. Therefore, we also suggest future scooter
design development consider the elderly ergonomics included; for example,
refinements on hip position height base on different age levels, or add in optional
back support on the seat in short term sol ution.

Scooter riding barrier: From the literature review and questionnaire survey result,

we conclude scooter riding protect direction from following four riding barrier

@avoid night riding, @ nervous, ®@keep vehicle balance and @waste efforts on

turning and addressed as followed:

(1) Avoid night riding: we suggest the elder groups riding in the route with
sufficient light intensity instead of dark riding route. Slower glare
recovery, sensitive to light, short vision field might affect them on
judgment and cognition while riding under insufficient light intensity
and facing light glare. In the other hand, the way of passive protection is
considerable as well though visible vehicle paint and bright dress color
instead that will help vehicle driver notice them riding on the road. In
the end, we suggest the elder groups trace their medical eye ability
examination in the medical center in routine it will provide
examinations on eye field, eye ball tracing ability and glare recover by

effective experiment might help them knowing personal degrading .

72



(2 Nervous and waste efforts on turning: slower reaction time is the main
attribute of these barrier experiences. To prevent those barriers, we aso
suggest the elder groups adjust their riding behavior and understanding
their physical limits such as reaction time, eye and hearing abilities.

3 Keep vehicle balance: The elder groups have low attempts applying
electric mobility instead of scooter because of the image of it closed to
handicapped tool. On the other hand, the development scooter body
structure belongs to long term modification that might not on the market
in latter stage. Therefore, based on aging symptoms of the inattentions
and balance disorder, we suggested the elder groups keep enough riding
brake distance in crowding circumstances; avoid riding in behind cars
and bus on the intersection helps them in safety visual field for each
riders and drivers; Make indirect left turn on intersection also help them
keep in safety and avoid riding in anxiety. Theses safety riding

behaviors should be promote and are executed carefully on regulations.

5.2 Suggestion

From previous discussion on phenomenon of elder groups, we observe fromthis pilot

study and concluded suggestions by following four points:

1.

The review of scooter riding barriers: Although pre-elderly are healthier than
past decades, but they are stepping into facing the scooter riding barriers
gradually. Therefore, this study intends to investigate the barrier experiences for
the further elder groups through questionnaire survey, and contribute the results
of this pilot study as a reference for further vehicle and elderly society study.
Severa riding barriers are found in this research, and concluded as follows:
®avoid night riding, @nervous, ®keep vehicle balance and @waste efforts on
turning, Table 5.1 explain the attributes of riding barriers and directions based on

observing the result of questionnaire survey and author’s opinion:
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Table 5.1 Attributes of riding barriers and predicted solutions

Riding barriers | Attributes | Short term solution Long term direction
Avoid night Vision e high mount lamp e Night vision
riding degrading | e Bright color vehicle body paint enhancement
e Extrawarning light and e Advance Light
indicators technology
e Riding information assistance
e Traffic signals enhancement
e Warring signs in elderly
neighborhood
Keep vehicle Sense of @ Vehicle balance enhancement e vehicle stability
balance balance @ Raise the rider’s comfort e Safety directed
disorder e Anti-roll bars vehicle
@ Post training of scooter rider
Nervous Slower @ Rebuild scooter dimension in e Safety directed
reaction aspect of universal design vehicle
time @ Pre-bump and post-bump e Intelligent riding
Waste efforts on protection supporting system
turning e Significant warning indicators
@ Post training of the elder scooter
rider

2. In aspect of interaction among user, scooter and environment: current elder
groups belong to unspeaking user which lacked of safety awareness while facing
aging impact. In the other hand, simplified functional scooter provides
insufficient support for elder riders observing from this study and literatures.
Honda has succeeded in developing the world's first production motorcycle
airbag system, to be made available in 2006 as shown in Figure 5.1 below.
YAMAHA aso introduce their crotch air bag system on motorcycle at the 2006

JSAE Automotive Engineering Exposition to hold the lumbar section of the rider
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in place and mitigate the impact of a collision as shown in following Figure 5.2.
TOYOTA introduced the concept vehicle “i-swing” to promote the issue of
personal mobility. Watanabe N. (2005) promotes the concept of IPM (Intelligent
Person Mobility) in the view of universal design, intelligent transportation
systems, and Taiwan elderly lifestyles and Figure 5.2 collects mentioned

personal mobility concepts as following.

Figure 5.1 Honda motorcycle airbag system

Multi-chamber airbag
Backplate

Figure 5.3 Concepts of Intelligent Personal Mobility (1PM)
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From the previous motorcycle safety technology and new concept vehicle, the
tendency of personal safety mobility is be revealed and evaluate practicable possibility by
vehicle makers. Therefore, the author promotes five scooter improvement directions in
synthetic aspect: ORaise persona safety awareness, @Safety protection; ® Scooter
accident rescue; @ Scooter riding assistance and ®Danger riding condition exclusion, the

contents of directions are summarized in Table 5.2 as followed:

Table 5.2 Suggestions divided by subjects

Suggestions Participator
Events Content
Raise persond o Develop safety riding skills e Elder drivers

safety awareness o Awareness of safety, and know

sdf-condition are allowed to riding

Safety protection e Vehicle airbag protection @ Scooter industry
e Safety accessory items for scooter riders
e Advance technology or mobility vehicle

to exclude the riding barriers

Scooter accident @ Scooter rescue system after crash @ Scooter industry and
rescue e Position sensors install on scooter government
Scooter riding @ Scooter riding navigation system @ Scooter industry and
assistance e Pre-bump warning on car and scooter government

o Traffic signals enhancement

@ Scooter balance enhance devices

Danger riding e License examining for the elder group via | @ Government
condition exclusion | their physical evaluation

@ The elder group’s riding skill examination
e Tutorial of keep riding scooter safety

e Sdf-evaluated principles of aged riding

condition
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Responsibility for future scooter users: Taiwan scooter industry should take the
responsibility to improve the elderly scooter riding safety; due to the elder
citizen will be high frequency scooter users and facing with hazard.

Safety awareness of the elder scooter users and correlation on accident death:
Elder drivers generaly perceive their driving ability to be better than or equal to
that of their peers; therefore, The implement of measurement experiment will
help reach more tangible data to determine correlation behind the elderly riding
and driving behaviors, and post training in the elderly latter life will be a future
topic in Taiwan society development. There are several subjects will be related
which found in the study and concluded as follows:

(1) Post training of the elderly scooter aids;

(2) Post training help the elderly aware how their physical decline situations
affect them on riding scooter or driving vehicles, avoid danger or hazard traffic

circumstances, and keep their mobility ability while aging gracefully.

5.2 Suggestionsfor future studies

From this pilot study, it is indicated the preelderly whose age from 50 to 64 years old

are starting involved with the physical and mental degrading and effect them on their

vehicle control ability; therefore, in the aspect of design view, severa directions are

promoted from observing the pilot study, and concluded as follows:

1.

Upgrade the safety of the scooter in the aspect of excluding riding barriers:

Theam of this pilot study isto survey feasibility the improvement of scooter,
and prove that the elder groups indeed facing the riding barriers cause by scooter
as well. Therefore, it provide a foundation for the future studies evaluating
scooter and searching solutions to eliminate present scooter riding barriers with
the elder groups. For the safety issues, future studies might consider not only the
new safety technologies and vehicle structure design, but also develop the long
term consciousness observing correlation among human, transportation and

traffic environment.
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Refinement of scooter for future usersin aspect of universal design:

There is a great amount of populations applying scooter in different age level,
the transportation position of scooter should consider for all applying age level
by aspect of universal design, instead of defining it only for limited user groups
such as younger and woman. Moreover, the author believes that the elder groups
stand in a important position in the future scooter development. If the scooter
industry would like to enlarge the applying usages of scooter, it is recommended
that consider in the view of universal design to obtain each users’ opinion instead
of technology directed performance.

Develop new type vehicle in between cars and scooter, which more suitable for
short distance commuite:

The transportation development in Taiwan is lack of concept vehicle project to
inspire new consciousness between human and vehicle compare with automobile
countries. There is a huge amount of scooter riding populationsin Taiwan, which
it means we have the opportunities to study the scooter riding behaviors with
plenty of populations than other competitors. Moreover, the symptoms of huge
amount of scooter riders might represent that they have potential reeds rely on
high mobility of scooter. In the view of personal mobility need and background
of riders population, the author suggest the direction of develop the concept
personal vehicle for Taiwan is practicable for future studies.

Accuracy of experiment and discover the correct respondent attitude:

Instead of descriptive questionnaire research, the author suggests to the attributes
finding of specific barrier experience (such as nervous or avoid night riding)
through measuring by instrument. The elderly might underestimate their physical
and riding abilities that affecting the accuracy of descriptive questionnaire
survey. Therefore, the scooter industry and government are suggested to take
obligations and investigate this group lifestyles and scooter riding behaviors, and
collaboration of government and research institute also is suggest to achieve
deeply scooter riding barrier attributes search due to sufficient accidents and

fatalities database.
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