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Abstract

This study explores the usability problems for the middle-aged and elderly users of the automatic
ticket vending machines of Taipei Mass Rapid Transit System. Thirty two middle-aged and elderly
users (16 men and 16 females) were observed in their actual uses of the machines, and 9 of them
(6 men and 3 women) were interviewed afterwards. The results show that, first, most senior users
observed in this study made mistakes at the first step of touching the screen that initiates the ticket
buying process. Second, the feedback and voice guidance design need further improvement to facilitate
the senior users’ operation of the machines. Based on the findings, this study recommends that: (1) the
operation instruction may be improved by enhancing the color contrast and graphics complementing
of caption and voice guidance; (2) the transaction interface should be simplified, avoiding using
button symbol to show information, and the visual instruction should be supplemented with voice
instructions; (3) operation feedback should be strengthened and in line with previous use experience.

Keywords: The Middle-aged and Elderly; Usability; Automatic Ticket Issuing Machines; Hierarchical
Task Analysis (HTA); Human Failure Modes and Effects Analysis (HFMEA)

Extended Abstract

1. Introduction

Technology adoption to improve citizens’
physical mobility in this rapidly aging society has
become a policy priority in Taiwan (Ministry of
the Interior, Department of House Registration,
2013). Studies have shown that, for the middle-
aged and elderly citizens, convenient public
transportation and greater physical mobility are of
great concern (Institute for Information Industry,
2008; Ministry of the Interior, Department of
Statistics, 2010). A major technology adoption
in modern urban transportation systems is the

installation of automatic ticket vending machines.

However, previous studies have indicated that
the middle-aged and elderly patrons may not
be able to use the machines effectively due to
physical degeneration or lack of confidence
(Kasper & Scheiner, 2002; Siebenhandl, Schreder,
Smuc, Mayr, & Nagl, 2013). As such, this study
employed the hierarchical task analysis (HTA)
and human failure modes and effects analysis
(HFMEA) to observe the ticket buying behavior
of the middle-aged and elderly patrons on the
automatic vendors of the Taipei Mass Rapid
Transit System (the Taipei MRT). Both of the

analysis approaches aim at discovering and fixing
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the existing and potential problems in the use
of a system. Via examining the use behavior on
the machines, this study offers suggestions for
improving the interface design of automatic ticket
vending machines.

HTA systematically reveal the operational
problems in the actual use of a system. Two
analytic steps were involved in HTA: redescription
and decomposition. The former is to define the
main goal of the action under observation, and the
latter is to delineate the associated sub-tasks under
the main goal and to examine the performance of
each sub-task (Ainsworth, 2001; Shepherd, 1998).
HTMEA, instead, focuses on the possible errors
or design failures of a system so as to help
detect and identify the potential use problems.
This study followed Fisk, Rogers, Charness,
Czaja, and Sharit (2009) and analyzed user
behaviors along the perception, cognition, and

response dimensions.

Extended Abstract

2. Methodology

The observation was conducted at two
locations: the Taipei main station and the National
Taiwan University Hospital (NTUH) station. The
locations were chosen because many middle-
aged and senior citizens who regularly go to
NTUH may use ticket vendors there. The ages
of the subjects were set at 45 years old or above.
Unobtrusive observations were first conducted
behind the unknowing users when their appearances
and physiques were judged to be middle-aged or elder
(American College of Sports Medicine, 2004; Fried
et al., 2001; He & Huang, 2006; Tsai & Chou, 2008).
A task analysis diagram was used to systematically
record the ticket buyers’ behavior with the ticket
vendors (Figure 1). A total of 32 ticket buyers
were observed, among which six males and three
females agreed to be interviewed after the researcher
revealed the study purpose. The observation logs and
interview data were analyzed with HTA and HFMEA

procedures to generate the findings.

0. Buying ticket on the
automatic vendor

Plan 0. Execute Task 1,2, 3,4, and 5 in order

| Plan2. Execute Task
1,22,231
1. Find the ticket 2.1.2.2,2.3 in order S Finish and
price for the (Task 2.2and 2.3 can Plan 3. Execute Plan 4. Execute : )
L be executed in 5 Task 3.1.32.33 ] Task 4.1.42.43 leave
destination in 2. Buy ticket . 3. Pay the fare ask 3.1,3.2, 3.5 4. Take the ticket ask 4.1,4.2,4.
the fare r.everse order; smgle‘ in order in order
schedule ticket buyer may skip
Task 2.3)
2.1 22 2.3. 3.1 32 33 4.1 42 43
Touch the Choose the Choose the Confirm Insert coins Confirm the Wait for Take the Take the
home screen correct price number of payment or bills amount ticket issuing ticket at the changes in
tickets to and ticket inserted signal ticket issuing the change
purchase number opening return

Figure 1. The Task Analysis Diagram for the Use of Taipei MRT’s Ticket Vending Machines
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3. Findings
3.1 The HFMEA of automatic ticket

vending machines

Using Fisk et al.”’s (2009) categorization
of perception, cognition, and response,
the HFMEA study showed the following
weaknesses and strengths of the current ticket
vendor design.

3.1.1 Visual design

Several design features contributed to the
operation success of middle-aged and senior
users, including the larger font size (larger
than 12 pt.), contrasting colors of the text and
background, appropriate visual signals directing
user actions (e.g., lighting at the opening of bill
insert). However, some pages contained too
much information and colors, which may cause
cognitive overload or diversion for the users.

3.1.2 Auditory design

The vending machine was designed to release
a short beep when the buttons were touched.
But the rather short and high-pitched sound may
fail to alert the aging users effectively. By the
end of the ticket purchase process, the voice
message did not clearly indicate the ending
of the task and some users may wonder if the
ticket buying was completed.

3.1.3 Tactile design

The tactile buttons in combination with visual

and audio feedback have made the process easy

for the elder users.

3.2 The operation analysis

The HTA analysis of users’ operation
of the vending machines resulted in the

following observations.
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3.2.1 Many elder users made mistakes at the very
beginning of ticket purchase process
16 of the 32 users made mistakes at the
first step of the ticket purchase process, i.e.,
touching the home screen. The possible reasons
for the operation errors may include the rather
complicated screen layout, the users’ failure in
noticing instructions, or the users’ touch wasn’t
hard enough to trigger the machine.
3.2.2 Repeating the purchase procedure was the
most frequently observed operation errors
Eight observants made errors when they tried
to repeat the ticket purchase process. The error
was trying to repeat choosing ticket number after
they have previously done that in choosing ticket
price and numbers to purchase. It was probably
due to the similarity of the buttons for ticket price,

ticket number, and purchase.

3.3 Interview results

The interviews with the nine voluntary
observants also resulted in some suggestions for
improvement. First, four of them thought they
had to insert ticket fares at the first step. This
error occurred because the users failed to notice
the operation instruction on the screen or did not
know they had to touch the screen to begin ticket
purchase. Enhancing the visual alert would help
ease the situation. Second, many users who had
used the vendors still made mistakes (i.e., trying
to re-hit the ticking purchase button) at the step
of inserting ticket fares. Simplifying the screen
information and design would reduce the error
occurrences. Third, some users did not know the
tokens released from the vendors were the tickets
to be used for riding the metro. Hence, they were

confused and couldn’t make sure if they had



successfully completed the purchase. Information
showing the shape of the tickets or tokens on the

screen may help solve the problem.

4. Design Suggestions

Based on the findings, this study made a
number of specific suggestions to improve the
ticket vendors including its operation instruction
and interface design. In short, the effective
operation instruction should be offered in both
still posters and dynamic vendor screen with
appropriate visual, audio, and tactile design.
The ticket purchase interface should both
manifest the principles of information design
and operation feedback so as to facilitate the use
by the elder citizens. This study recommends
that: (1) the operation instruction may be
improved by enhancing the color contrast and
graphics complementing of caption and voice
guidance; (2) the transaction interface should be
simplified, avoiding using button symbol to show
information, and the visual instruction should
be supplemented with voice instructions; (3)
operation feedback should be strengthened and in

line with previous use experience.
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