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Abstract

Human life has been extended due to improvements in science and medical
technology. It is recognized that most developed countries are facing the unique
problems that come with an aging society. The problems associated with the
medical treatment, care, and welfare of the elderly are steadily receiving more
attention from the general public. However, little attention has been paid to the
problems related to the living environments and transportation needs of
the elderly. There is a lack of comprehensive research regarding the daily
activity patterns of the elderly, though there is a good deal of research aimed at
enhancing the mobility of the elderly. Therefore, this study recorded the daily
life patterns of elderly individuals and the derived travel demands in those
schedules by using an activity diary. This research used an activity-based
approach as a framework. Stratified sampling method was used in the study area
of Tainan City, Taiwan. Interview participants were chosen by purposive
sampling method. The results show that: (1) Most of the elderly rely heavily on
the private vehicle (83.00%) which accounted for 51.57% of scooter, 34.21% of
bicycle and 14.22% of car. Only a small percentage took public transportation
(13.67%). The participant’s ability to drive a private vehicle appeared to have no
influence on bus-taking behaviour, though a chi-square test showed some
correlation with walking ability and gender. Those with good walking ability
were more likely to take the bus. Furthermore, (2) the chi-square test revealed
that walking ability and score on the IADL scale were significantly affected by
age. (3) Nearly half of the time spent on leisure activities is passed by watching
TV.
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1 Introduction

As science and medical technology have dramatically improved over the last
century, the human life-span has been extended. According to the Population
Projections, Taiwan is an “aging society.” Over 7% of the population was elderly
as of 1993. That number is projected to be up to 14% by 2018, and over 20% in
2025 [1]. A great deal of research has been done regarding the medical care and
welfare of the elderly, but there is a need for more research regarding the
transportation issues affecting the elderly.

Proper transportation and urban planning can provide a friendly traffic
environment for the elderly, raising their mobility and access to essential
services. Previous research indicates that transportation planning will play an
important role in the ability of the elderly to engage in various out-of-home
activities in the future [2, 3].

Analyzing activity demands and behaviours can allow for an investigation
into the travel needs of the elderly. Using a behaviour theory methodology to
understand traffic behaviour and traffic demands is necessary for further urban
and transportation planning. Recent years have seen increased attention to traffic
safety issues as they relate to the elderly [4, 5]. Previous research reveals that the
elderly have a very high accident rate. Burkhardt and McGavock [6] put forth a
conservative estimate that the number of transportation-related fatalities will be
3—4 times greater in 2030 than it was in 1996.

Taiwan’s traffic-related needs can be classified as follows: @ To improve
transportation information and design [7]. @ To investigate user satisfaction with
the transportation environment [8]. ® To provide the elderly with suitable
transportation services [9]. @ To improve safety policies [5]. Though the cited
studies have provided helpful information in regards to constructing a suitable
transportation environment for the elderly, we still lack essential information
about the individual daily transportation patterns of elderly people. According to
Lin and Sie [10], there is a need to study the travel behaviours of the elderly in
order to provide a suitable transport system for them. This research is an attempt
to fill that gap through the framework of an activity-based approach.

The contents of this study include: @ a description of the survey process,
@ analysis of the transportation behaviours, @ activity time allocation of elderly
people and @ conclusion.

2 Survey process

Tainan City was the survey area for this research, and the participants were the
elderly (aged 65 years or older). This study combined stratified sampling with
purposive sampling methods to select participants.

2.1 First stage of sampling: stratified sampling

The first task for creating an appropriate sample was to define the proportion of
the sample that should represent each district, and then using random sampling to
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demarcate the survey area for each village. What follows is a detailed description
of this process: (1) Take the district as the stratified unit. (2) Decide the number
of samples per district based on the proportion of elderly residents each district
contains as it pertains the total elderly population. (3) The number of sample in
each village is set up to 10, and then confirm the how many village needed to
investigate in each district. (4) Choose the representative village for each district
by random sampling. The distribution of our survey area in Tainan City was as
shown in Figure 1.

Moreover, we added 4 village units as spare one. So the total survey area is
36, shown as ® in Table 1.

Table 1:  Stratified random sampling process.
Actual
Pre-survey plans q
circumstances
0] ) ® ® ®
Population| Proportion of | Required number | Number of random Actual
over 65 |[total population of samples villages to be number of
=@x%300%) surveyed villages
(=®/10; rounded up)] surveyed
|East 18,689 23.35% 70 7 8
South 15,304 19.12% 57 6 6
North 15,253 19.06% 57 6 6
Annan 14,405 18.00% 54 6 8
Anping 4,751 5.94% 18 2 3
West o
[Central 11,644 14.55% 44 5 5
|rotal 80,046 100.00% 300 32 36

Data source: Websites for the household registration offices for the East District, South District,
North District, Annan District, Anping District, and West District (July, 2013).

2.2 Second stage of sampling: purposive sampling

The first step confirmed specific survey areas. The second step of the sampling
process focused on methods to find the elderly in the village. In order to enhance
the efficiency of the investigation, our investigators first interviewed the village
leader. After this interview, they asked for the following assistance: (1) Provide
the contact details of the elderly in the village or the addresses of places of
assembly. (2) Schedule interviews with the elderly residents. (3) Provide other
information regarding volunteer clubs of the elderly.

If the village leader ’could not provide the above assistance, investigators
proceeded as follows: (1) Discuss investigation with leaders of volunteer clubs.
(2) Do a household survey. (3) Go to an open space, such as a park, and find the
elderly.

Considering the enormous costs of household surveys, it’s difficult to obtain
the information for solitary elders using this method. We began surveying in
November 2013 and finished in August 2014. Out of 462 questionnaires, 105
remained unanswered. This represented a 77.27% return rate. After deducting 27
invalid questionnaires, the total number of useable questionnaires was 330.
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Figure 1:  Locations of surveyed areas.
3 Activity time allocation of elderly people

3.1 Basic data analysis

Previous research indicates that elders travel outdoors less frequently than
younger individuals do, mostly because of their age and increasing difficulty
with walking [11-13]. Alsnih and Hensher [14] stated that the health of elders
generally begins to deteriorate at the age of 75. We therefore used this age to
divide the participants into younger elders (65 to 75 years old) and older elders
(over 75 years old) and conducted cross analysis and independence t tests on the
walking abilities and IADLs of the two groups.

Walking ability was gauged by whether the respondent could walk for more
than 30 minutes. An independence t test (details displayed in Table 2) was
conducted on the results for the younger and older elders, which presented the
two groups are correlated. As can be seen in Figure 2, approximately 32.84% of
the younger elders were able to walk for more than 30 minutes, whereas only
19.84% of the older elders were able to do so. Clearly, the walking ability of
elders deteriorates with age.

To understand whether age affects the activities of elders, we used the ITADL
scale score to divide the participants into a severe disability group and a mild or
no disability group. The former group displayed disability in more than half of
the IADLSs scale items (0—4 points), whereas the latter showed disability in less
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than half of the items (5-8 points). We then tested the two groups (details in
Table 3) and know the correlation exists between the two groups. Figure 3 shows
that only 2.45% of the younger elders displayed severe disability, while 16.67%
of the older elders presented severe disability. Clearly, the activities of elders are
gradually affected by age.

Table 2:

Cross-analysis of younger/older elders with walking ability.

Can only walk for less than
30 min

Can walk for more than
30 min

Total

Younger elders

137 (41.52%)

67 (20.30%)

204 (61.82%)

Older elders

101 (30.61%)

25 (7.58%)

126 (38.18%)

Total

238 (72.12%)

92 (27.88%)

330 (100.00%)

Table 3:

Note: y2(1) = 6.549 > yZ,5(1) = 3.841; thus, H, (the two groups are independ

ent) is rejected.

Cross-analysis of younger/older elders with extent of disability.

Severe disability

Mild or no disability group

Total

Younger elders

5 (1.52%)

199 (60.30%)

204 (61.82%)

Older elders

21 (6.36%)

105 (31.82%)

126 (38.18%)

Total

26 (7.88%)

304 (92.12%)

330 (100.00%)

Note: y2(1) = 21.687 > y2,5(1) = 3.841; thus, H, (the two groups are independent) is rejected.

Older elders 80.16%

Younger elders 28 67.16%

0%

20%
O Can walk for more than 30 min

40% 60% 80% 100%
M Can only walk for less than 30 min

Figure 2:  Walking abilities among younger/older elders.
| 83.33%
Older elders ]
16.67%

97.55%
Younger elders ]

h 2.45%
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60% 80%
B Severe disability

100%

Figure 3:  Extents of disability among younger/older elders.

We also performed an independent test on walking ability and IADLs (details
in Table 4), which presented the correlation exists between the two groups.
Approximately 29.93% of the members in the mild or no disability group could
walk for more than 30 minutes, whereas only 3.85% of the members in the
severe disability group could do so. Therefore, elders with more disabilities are
less able to walk for more than 30 minutes (details in Figure 4).

The statistical analyses above allow us to establish connections among the
age, walking ability, and IADLs among participants. Furthermore, comparisons
of the various groups suggest that older elders have poorer activity and walking
ability, which deteriorates with age.
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Table 4:  Cross-analysis of walking ability with extent of disability.
Can only walk for less | Can walk for more Total
than 30 min than 30 min
Severe disability 25 (7.58%) 1 (0.30%) 26 (7.88%)
Mild or no disability 213 (64.55%) 91 (27.58%) 304 (92.12%)
Total 238 (72.12%) 92 (27.88%) 330 (100.00%)

Note: x2(1) = 8.107 > y2,5(1) = 3.841; thus, H, (the two groups are independent) is rejected.

29.93%

Mild or no disability

Severe disability 96.15%

0% 20% 40% 60% 80% 100%

O Can walk for more than 30 min M Can only walk for less than 30 min

Figure 4:  Different levels of walking ability and different extents of disability.

3.2 Analysis of transportation behaviour

Studies conducted in developed countries indicate that the proportion of elders
traveling by private modes of transportation is increasing, while the proportion
traveling by public modes of transportation is decreasing [2, 15]. Although elders
travel less frequently than younger people, they are extremely dependent on cars
to do so [11, 16]. Such results are common in research on the travel-activity
behaviour of elders in other countries, and it is possible that elders in Taiwan
would present the same results.

According to the report of Daily Use of Transport Survey in 2013 [17], point
that elders in Taiwan are still relatively reliant on public transport when
compared to individuals in other age groups (detail in Figure 5). Significant
differences exist between the proportion of elders who use private vehicles and
individuals between 30 and 60 years of age. Furthermore, roughly 4 out of 10
elders travel on foot. As can be seen, elders are still at a disadvantage when it
comes to using different modes of transportation.

m 65 and above
F160 - under 65
50 - under 60
@40 - under 50
@30 - under 40
20 - under 30
£18 - under 20
015 - under 18

Car
Different mode of transportation in elders
16.38%

Scooter 20.09%

Bicycle 2.62%

Walking 33.19% 15.82%

Taxi 11.90%

B City bus OTaxi EWalking

City bus

0%

20%

40% 60%

Figure 5:  Most commonly used mode of transportation. Data source: 2013

Daily Use of Transport Survey (reorganized).
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Examining the connections between the use of private vehicles and those of
public transport or taxis can further understanding of the transportation
behaviour of the elders within the study area. Below, we investigate @ the use of
private vehicles and @ whether buses or taxis are taken.

3.2.1 Use of private vehicles

We divided the usage conditions into three types: can and do use, can but do not
use, and cannot use. As shown in Table 5, the majority of the participants can
and do use scooters (64.85%), and a smaller proportion can and do use bicycles
(43.03%). In terms of private vehicles, 13.94% and 11.21% of the participants
could but did not actually drive cars and ride bicycles, respectively. In contrast, a
high 68.18% of the participants didn’t know how to drive a car. Put simply, most
of the elders did not have the ability to drive a car, which is a result that is
inconsistent with those from foreign developed countries. Instead, scooters were
the private vehicles most commonly used by elders.

Table 5:

"Use of private vehicles among elders.

Vehicle type
Usage condition

Bicycle (%)

Scooter (%)

Car (%)

Can and do use

142 (43.03%)

214 (64.85%)

59 (17.88%)

Can but do not use

37 (11.21%)

21 (6.36%)

46 (13.94%)

Cannot use

151 (45.76%)

95 (28.79%)

225 (68.18%)

Total

330 (100.00%)

330 (100.00%)

330 (100.00%)

3.2.2 Use of buses and taxis

In this analysis, we divided the participants into two groups based on whether
they use private vehicles and then examined whether the two groups differ in
how frequently they take the bus or taxis. The results show that 54 of the
participants (16.36%) do not use private vehicles, while 276 of the participants
(83.64%) do. Furthermore, the majority of the participants do not take buses
(86.19%) or taxis (76.28%); only 12.91% and 22.82% take buses and taxis,
respectively.

An independence t test on whether the participants use private vehicles or
buses presented the correlation does not exist between the two groups (details in
Table 6). An independence test on whether the participants use private vehicles
or taxis presented the correlation does not exist between the two groups (details
in Table 7). We can therefore conclude that whether a senior citizen uses private
vehicles does not impact their use of buses or taxis.

It is possible that elders prefer scooters and bicycles due to the place where
public transportation is inconvenient [18]. However, statistics indicate that

Table 6:  Cross-analysis of whether private vehicles and buses are used.
Uses private vehicles | Does not use private vehicles Total
Takes the bus 33 (10.00%) 10 (3.03%) 43 (13.03%)
Does not take the bus 243 (73.64%) 44 (13.33%) 287 (86.97%)
Total 276 (83.64%) 54 (16.36%) 330 (100.00%)

Note: y%(1) = 1.716 < y2,5(1) = 3.841; thus, H, (the two groups are independent) is not rejected.
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Table 7:  Cross-analysis of whether private vehicles and taxis are used.
Uses private vehicles | Does not use private vehicles Total
Takes the taxis 63 (19.09%) 13 (3.94%) 76 (23.03%)
Does not take the taxis 213 (64.55%) 41 (12.42%) 254 (76.97%)
Total 276 (83.64%) 54 (16.36%) 330 (100.00%)

Note: y2(1) = 0.400 < yZ,5(1) = 3.841; thus, H, (the two groups are independent) is not rejected.

93%of the people in Tainan City use private vehicles, so this may be a
widespread phenomenon regardless of age.

We also conducted an independent test to determine whether the participant
use of buses is associated with their walking ability. The results revealed that the
correlation exists between the two groups (details in Table 8). As shown in
Figure 6, elders that could not walk for 30 minutes occupied the greater majority
of those that did not take the bus (74.22%). This result shows that elders will
likely forgo bus riding when they feel that their ability to walk is degrading.

Previous research also indicates that the travel-activity behaviour of most
male elders comprises walking and scooter riding, whereas female elders mostly
walk and take the bus due to their lack of ability to drive or ride [17, 18]. We
therefore performed an independence test on gender and whether a participant
takes the bus (details in Table 9). Our results were consistent with those in
previous research, showing that the majority of the elders that took the bus were
female (62.79%, as shown in Figure 7).

Table 8:  Cross analysis of walking ability and whether buses are used.
Can only walk for less | Can walk for more than Total
than 30 min 30 min
Takes the bus 25 (7.58%) 18 (5.45%) 43 (13.03%)
Does not take the bus 213 (64.55%) 74 (22.42%) 287 (86.97%)
Total 238 (72.12%) 92 (27.88%) 330 (100.00%)

Note: y%(1) = 4.807 > y2,5(1) = 3.841; thus, H, (the two groups are independent) is rejected.

Table 9:  Cross analysis of gender and whether buses are used.
Male Female Total
Takes the bus 16 (4.85%) 27 (3.18%) 43 (13.03%)
Does not take the bus 154 (46.67%) 133 (40.30%) 287 (86.97%)
Total 170 (51.52%) 160 (48.48%) 330 (100.00%)

Note:x2(1) = 4.051 > y2,5(1) = 3.841; thus, H, (the two groups are independent) is rejected.

0,
25.78% 74.22%

41.86%
Takes the bus . ———— 514

0% 20% 40% 60%
O Can walk for more than 30 min

Does not take the
bus

80%

Figure 6:  Walking ability among elders that take or do not take the bus.
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Figure 7:  Gender and elders that take or do not take the bus.

4 Activity time allocation of elderly people

4.1 Average time spent on activities

219

We compared the average amount of time spent of elders in our survey results
with the individual in Survey of Social Development Trends [19] (detail in
Figure 8). Although the activity items used by the DGBAS somewhat differ from
those used in this study, the compositions of the necessary physiological

activities, mandatory activities, and leisure activities are the same.

Social trend| The result
survey  [of this study
 Leisure activities 354 87026
Other or unknown 12 52.43
Resting 35 67.15 Difference
society's activities B 25.67 of 210 min
religious practices 6 2712
Reading or other entertainment 13 57.29 [
Hobbies and entertainment 17 144 b
Outings and travel 15 12.05
Exercising 21 6828 [
CD, audio tapes 7 0.42
Listening to or watching media 39 2334 &
Listening to or watching TV 135 22364 [m——
Firther studies 22 - P
* Mandatory activities 427 178.47 Difference
Shopping or deal with routine matter 17 - P of 240 min
Housework 87 109.39 [r—
Studies 33 058
Work activities 262 685 fEm———
commutation 28 = P
* Necessary physiological activities 658 69.08
Eating 85 99.13  [rm—
Bathing 53 39.63 [
Sleeping 520 563,86 [ ——————
0 200 400 600 800

& The result of this study Average time spent on activity (min)

OSocial trend survey

Figure 8:  Line chart of time spent on various activities.

Elders spend more time on necessary physiological activities and leisure
activities than individuals in other age groups. Being without the constraints of a
routine work schedule, elders spend an average of 3 hours and 22 minutes more
time on leisure activities than individuals in other age groups. The amounts of
time spent on work and watching TV displayed the greatest differences. The
mandatory activities of elders take 4 hours and 9 minutes less time than those of
individuals in other age groups. Most of that difference is spent on housework. In
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conclusion, the elders in the study area spend approximately two fifths of the
time spent by individuals in other age groups on mandatory activities, and nearly
half of the time they spend on free activities is passed by watching TV.

4.2 Desired activity time of elders

The study conducted by Ohmori et al. [20] on the desired changes in activity
times indicates that whether the elderly is employed impacts their desires
regarding activity time. We therefore divided the participants based on
employment. Figure 9 and Figure 10 display the details. The employed elders
wished they could reduce the amount of time they spent on mandatory activities
but increase the amount of time spent sleeping and on leisure activities. In
contrast, unemployed elders mostly felt that the amount of time they were
spending on various activities was sufficient, but they still wished to increase the
amount of time spent on social activities and chatting.

Resting

Listening to or watching media [
Hobbies and entertainment
Chatting 1

Social activities
Housework

Studies

Work activities
Recuperating and resting
Bathing

Eating

Sleeping

0% 20% 40% 60% 80% 100%
[ Reduce the amount of time ~ [B The percent amount is good enough M Increase the amount of time

Figure 9:  Desired changes in activity time by employed elders.

Resting

Listening to or watching media
Hobbies and entertainment
Chatting

Social activities
Housework

Studies

Work activities
Recuperating and resting
Bathing

Eating

Sleeping

0% 20% 40% 60% 80% 100%

O Reduce the amount of time [ The percent amount is good enough Il Increase the amount of time
Figure 10: Desired changes in activity time by unemployed elders.
5 Conclusion
This study employed an activity-based approach to investigate the daily activities

and transportation behaviour of elders in Tainan City. The analysis results led to
three findings: (1) Mutual association exists among the age, walking ability, and
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activity (IADL score) of elders. Our results indicate that older elders tend to have
poorer walking abilities and a greater degree of disability. (2) With regard to
transportation behaviour, we found that © elders largely prefer private vehicles
(accounting for 83.64% of the respondents), which mainly comprised scooters
(64.85%) and bicycles (40.03%). However, whether they knew how to drive or
ride private vehicles did not affect whether they took buses or taxis. @ Overall,
elders are relatively dependent on public transportation, but having poor walking
abilities greatly decreases bus-riding behaviour. (3) On the whole, elders have an
average of 3 hours and 22 minutes more time for leisure activities than
individuals of other age groups. Nearly half of the time spent on leisure activities
is passed by watching TV. It is concern that the employed elders wished they
could reduce the amount of time they spent on mandatory activities but increase the
amount of time spent sleeping and on leisure activities.

This study was primarily focused on @ designing an activity diary survey,
selecting the survey areas, and determining the survey locations as well as
@ constructing an activity/travel-activity behaviour database for elders and
® understanding the connections among the activity/travel-activity behaviour
variables of elders. We suggest that future research incorporate cluster analysis
into the aforementioned variables to differentiate elders with different lifestyles.
In addition, the activity diaries obtained in this study could be used to facilitate
future micro-analysis of the transportation behaviour of elders within their
potential activity range as well as macro-analysis of the differences between
elders with different lifestyles.
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