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In this experiment, 13 licensed drivers performed 20 tasks with a prototype navigation radio. Subjects completed such tasks as
entering a street address, selecting a preset radio station, and tuning to an XM station while “thinking aloud” to identify problems
with operating the prototype interface. Overall, subjects identi�ed 64 unique problems with the interface; 17 speci�c problems
were encountered bymore than half of the subjects. Problems are related to inconsistent music interfaces, limitations to destination
entry methods, icons that were not understood, the lack of functional grouping, and similar looking buttons and displays, among
others. An important project focus was getting the �ndings to the developers quickly. Having a scribe to code interactions in real
time helped as well as directed observations of test sessions by representatives of the developers. Other researchers are encouraged
to use this method to examine automotive interfaces as a complement to traditional usability testing.

1. Introduction

People want products that are easy to use, and that is
partic-ularly true of motor vehicles. Numerous methods
have been developed to assess the ease of use of driver
interfaces, both traditionally, and more recently from the
human-computer interaction literature [1–3].e threemost
prominent methods are (1) usability testing [4–8], (2) expert
reviews [9–11], and (3) the think-aloud method [12–15].
Methods vary in terms of their value for formative evaluation
(while development is in progress) and summative evaluation
(at the end of development). See [16] for an extensive
overview of how various methods are conducted and where
they should be applied.

Usability testing is the gold standard of usability test
methods, as it involves real users performing real tasks,
though oen in a laboratory setting, and can be part of either
formative or summative testing. e purpose is to determine
task completion times and errors. Generally, usability testing
occurs in the latter stages of design, when a fully functioning
interface is available. Usability tests are time-consuming to
plan and analyze and can be costly.

Consequently, there has been considerable interest in
predicting user performance, in particular task time [17–
22]. Task times for experienced users can be predicted in a
fraction of the time to plan, conduct, and analyze a usability
test. If the method used by subjects to perform a task is
known, the predictions should be as accurate as the usability
test data [23].

Expert reviews can be an efficient alternative to usability
testing, especially early in design, though they may be used
for summative testing as well. In an expert review, each step of
each task is examined to determine how the interface should
be designed according to established usability heuristics
and guidelines. Expert reviews are oen criticized as being
“just someone’s opinion.” erefore, reviewers should be
professionally certi�ed in human factors or usability. (See
http://www.bcpe.org/).

In the think-aloud method, users describe their logic as
they try to use an interface. For example, a subject might
say, “I selected the city name but cannot �gure out how
to get to the next step,” or “Sometimes, there is an OK
button in the lower right corner, but there is not one here.
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F 1: Most common screen.

F 2: One of two destination screens.

I am stuck and frustrated.” e think-aloud method helps
evaluators identify what is confusing or misleading and how
those problems can be resolved. If subjects fall silent, then the
experimenter prompts them to speak but needs to do without
interfering with the subject�s thinking process or in�uencing
them.When to prompt andwhat to say ismuchmore difficult
to do than it may seem. In fact, considerable experimenter
training and practice are required. See [16] for a discussion.

ink-aloud evaluations are most useful during the early
stages of design while the design is still being formu-
lated, identifying problems users experience more readily
than other methods. Unfortunately, as is described later,
data reduction in think-aloud evaluations is very time-
consuming.

Recently, the authors conducted an evaluation of an
early prototype of the Mobis Generation 3 navigation radio
for Hyundai-Kia vehicles [24]. e complete experiment
included four parts (1) a think-aloud evaluation from a
human factors expert, (2) a think-aloud evaluation involving
13 ordinary drivers, (3) a follow-up survey of those drivers
primarily concerning their understanding of icons, and
(4) estimates of task times per SAE Recommended Practice
J2365 [20]. Because this experiment was conducted during
the early stage of interface design, and the interface designers
needed to know what problems users would encounter, the
focus of the experiment and this paper concerns only part 2,
the think-aloud evaluation by ordinary drivers.

ere are many other ways this data could have been
collected. For example, questions concerning what subjects
did and what subjects did and why, could have been asked
retrospectively. In selecting methods to utilize, the authors
considered the speci�cs of the request for quote from the
sponsor, verifying conformance to accepted industry practice
(e.g., SAE J2365), what information was believed to be most

F 3: XM radio screen.

F 4: List of previous destinations screen.

useful to the sponsor, the experience of the research team, the
funding for the project, the schedule, and other factors.ere
was extreme pressure to complete this project very quickly to
meet the production schedule set by Hyundai-Kia.erefore,
considerable thought was given as to how to complete this
project quickly, which meant that less time was spent on
certain activities than is ideal, and methods to accelerate data
collection and analysis were explored.

2. Method

2.1. Navigation Device Examined. e device examined was
an early working prototype of a Mobis generation 3 nav-
igation radio. As shown in Figure 1, the navigation radio
consisted of an LCD display surrounded by 10 hard buttons
(e.g., select satellite radio, seek), two CD related buttons, a
volume knob, and a tuning knob. ese hard buttons as well
as so buttons on the touch screen allowed access to hundreds
of screens. Figures 2, 3, and 4 show example screens.

2.2. Test Facility. e experiment was performed using the
third generation UMTRI driving simulator while “parked.”
e navigation system was mounted into the center stack of
the simulator cab. To enable signal reception and use of the
GPS and XM functions, an antenna was installed, connecting
the simulator lab with an outside room. Figures 5 and 6 show
a hypothetical subject being recorded, the equipment used,
and the recorded image from an actual subject. Although the
cameras were in plain sight, subjects ignored them, in part
because the camera in front of them was small.

2.3. Sequence of Tasks in the Experiment. In each session, one
session per subject, subjects (1) completed biographical and
consent forms and had their vision checked, (2) practiced the
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Panasonic SV-BP314 camera
aimed at navigation radio

Subject

Supercircuits PC502XP camera

aimed at the subject’s face

Experimenter

F 5: Experimenter and a hypothetical subject interacting.
Note: not shown are the Panasonic WJ-420 quad splitter, the Sharp
LC10-A3U-B 10 in LCDmonitor, the Panasonic DMR-EZ47VDVD
recorder, the AudioTechnicamicrophone, or theMackieDX8 digital
audio mixer.

F 6: Sample screen grab from a typical subject.

think-aloud method, (3) completed 20 test tasks in a �xed
order while thinking aloud, and (4) completed a 19-page
survey requested by the sponsor. Practice involved counting
the number of chairs in the place where they lived, going
room by room. As intended, the subjects did not simply list
how many chairs were in each room, but said something
about the kind of chairs present, where the chairswere located
in each room, or other information. If they did not provide
some of those details, then a question was asked to encourage
them. Oen, the process of recalling chairs was a virtual
journey (“e front door takes me into the living room. In
that room… Next to that room, around the table …”). e
practice was quick and helped subjects understand what was
meant by “think aloud.”

Some 20 tasks were examined (Table 1). ese tasks
were selected because of their importance, frequency of
occurrence, and to provide data on a variety of entry types.
Only manual entry was allowed. For ease of administration
and analysis, the order of tasks was �xed.

Subjectswere not given any documentation or instruction
as to how the interface functioned, as the interface design was
intended to be intuitive.

e second author served as the experimenter for the
main experiment. He had reviewed the literature on think-
aloud studies and also served as the experimenter for pilot

testing of the �rst author, which led to discussions of when
to prompt and what to say. e second author also observed
and provided feedback on test sessions of the �rst few subjects
aer each session was complete. Ideally, more time would
have been desired for training, but that was not feasible given
the sponsor’s product development schedule.

During the think-aloud test, the experimenter, seated in
the front passenger seat, presented a sheet of paper, one per
task, describing the task to perform and the data to use, and
asked the subject to think aloud while doing the task. When
subjects fell silent for an extended period of time (typically
30 s, but sometimes longer), the experimenter prompted
them. (“What are you looking for? What are you expecting
to see? Are you confused?”) Generally, few prompts were
needed. ere were no speci�c rules about which prompt
to use when. Although these prompts seem leading, it was
oen apparent fromwhat subjects said and their actions what
that the subject state was consistent with these prompts. For
example, if a subject repeatedly switched between screens but
did not select anything else, then “What are you looking for”
was an appropriate prompt.

If a subject was notmaking any progress aer three to �ve
minutes on a task (depending on the time remaining), they
were given a hint. Hints identi�ed what to do next (e.g., press
this button), without any explanation of why an action was
appropriate. If subjects continued to struggle, they were told
to stop andmove on to the next task, as the intentwas to reveal
as many problems as possible in the time available.

A scribe (a very fast typist) sat outside the simulator cab
and attempted to record verbatim what the experimenter
and subject said during the experiment. e only and very
general instructions to the scribe were to record everything
said and to use the video and audio recordings to �ll in any
gaps. In part, a verbatim transcription was feasible because
the experimenter and subject were not talking continuously,
so the scribe was able to catch up during pauses. Anything
that the scribe missed (e.g., if the subject spoke quickly)
was �lled in immediately aer each test session (in the 30
minutes or so before the next subject) from the audio and
video recordings. Having a complete transcription essentially
immediately aer each session was completed shortened the
time to reduce the data. Furthermore, aer the fact review
of the audio recordings, collected using a system that was
hastily assembled and not optimized for recording quality,
were sometime inaudible, especially when subjectsmumbled.
Although requiring a scribe in addition to an experimenter
made the experiment more difficult to schedule, given when
this experiment was conducted, a scribe was always available.

2.4. Subjects. irteen licensed drivers volunteered to serve
as subjects: 6 younger people (ages 19–26, 3 men and
3 women) and 7 older people (ages 65–83, 3 men and
4 women). ey were recruited via an advertisement on
Craigslist. All older subjects were retired. Five of the younger
subjects were students. Younger subjects were the most likely
users of the navigation radio, especially of the audio func-
tions. Older subjects were those most likely to be challenged
by the interface and would be the �rst to encounter problems
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T 1: Task list.

Category # Task Data to use
1 Enter destination via street address method 100 North 5th Avenue; Ann Arbor, MI
2 Enter waypoint via POI (Point Of Interest) method Nearest McDonalds from current position
3 Enter destination via POI method Nearest gas station from current position
4 Cancel the route Current route
5 Enter destination via POI method Detroit Metro Airport

Navigation 6 Change the map scale Zoom in
7 Enter destination via street address method 1600 Pennsylvania Avenue; Washington, DC
8 Enter destination via intersection method US-23 and I-94
9 Enter destination via POI method Cobo Hall in Detroit, MI
10 Enter destination via intersection method Broadway St. and Plymouth Rd.

11 Store address Subject’s home address

CD 12 Insert CD and select track CD provided, third track

13 Tune radio FM 91.7

FM/AM radio 14 Adjust volume To a comfortable level
15 Set preset FM 91.7 as the Preset 1
16 Adjust volume To a comfortable level

Satellite radio 17 Tune XM radio Elvis Station
18 Turn off XM radio Turn off

Clock 19 Change and set time 11:45 pm
iPod 20 Connect iPod and select song “Wonderful Tonight”

this study was to reveal. All subjects had corrected visual
acuity adequate to drive. ey drove a mean of 8,000 miles
per year, somewhat less than is typical in the United States.

Other than being a licensed driver, in good health, in
speci�c age categories, a native English speaker, and experi-
ence with XM/Sirius radio, there were no other requirements
to participate. us, there was no control over experience
with technology in this experiment, a limitation not included
so subjects could be recruited in the time frame available.
Experiencewith relevant technologywasmixed. Five subjects
owned an iPod, and one owned another brand of MP3
player. Only two of the subjects had vehicles with XM/Sirius
radios. Five subjects owned GPS systems: 3 TomToms and 2
Garmins.

Subjects were paid $40 for their time if they completed the
experiment in two hours. Subjects who took longer (some of
the older subjects) were paid an extra $10.

e sample, seemingly small, was more than adequate
for identifying problems, of which 64 were identi�ed. “A
problem was de�ned as a situation where a task took too
long, subjects struggled to make progress, or they otherwise
expressed doubt (“I am not sure what button to press”),
confusion, irritation (“I would like to shoot the engineer
that designed this”), or other undesired feelings” ([24]
page 48). Problems invariably involved deviations from the
intended sequence of steps to complete the task expeditiously.
Research shows that aer about six subjects or so, the number
of new problems found with each additional subject is small,
with the speci�c number varying the problem severity and

other factors [25, 26]. Speci�cally, the six subject value
comes from assuming that each subject has about a one in
three chance of discovering a problem, that problems are
independent, and the goal is to discover 90% of the problems.
Furthermore, this initial analysis assumes all problems are
of a similar severity, and one may have different goals for
different level of severity. (See [27] for the most recent of a
long series of papers, reports, and now a book chapter on
sample size.)

Although one can quibble on the speci�cs of the calcula-
tions, the surprise to many nonhuman factors, nonusability
professionals is that most of the problems can be found
with just a few more than a handful of properly selected
subjects. e data from this experiment con�rmed that
conclusion (Figure 7), with most problems being found by
the �rst few subjects. Testing more subjects would provide
better statistical evidence for the frequency of occurrence
of each problem and would identify more problems, but
not many. Most importantly, testing more subjects would
delay producing a complete report informing the designers
of interface problems to be corrected. In this case, boosting
the con�dence of the sponsor was partly why more than
six subjects or so were tested. Further, in these instances,
when deciding which aspects of an interface to modify, the
percentage of subjects who encounter a problem may be
secondary. Rather, if just one subject encounters a problem,
and the problem seems reasonable, then changes to eliminate
or reduce the impact of that problem should be consid-
ered.
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F 7: Cumulative usability problems found as a function of
number of subjects. �ote: this �gure determines the % of problems
(out of 64 total) found utilizing data from subjects in the order they
were tested. So, combining the data of subjects 1 and 2, 38/64 = 59%
of the problems were found.

3. Results

3.�. Data �eduction for Problem �denti�cation. Data reduc-
tion consists of (1) listening to each session to verify each
transcription, correcting them as needed, (2) identifying
each problem that users experienced, and (3) identifying
the frequency, severity, and persistence of each problem. A
problem was indicated when a task took too long, subjects
struggled to make progress, or they otherwise expressed
doubt (“I am not sure what button to press”), confusion, or
irritation (“I would like to shoot the engineer that designed
this”).

Subjects indicated problems in several ways. Indications
included (1) questions (“What is this? Where is the button?
How do I get the map?”), (2) statements of uncertainty (“I’m
not sure if I can have the map when I click on this button.
It does not allow me to save this radio frequency. I am
wondering why it’s not accepting this.”), and (3) exclamations
with �ller words (“Oh, man…,” “Umm, …”). About 13%
of the problems for younger subjects were associated with
questions, whereas for older subjects, questions were linked
to a third of the problems. In contrast, about 81% of the prob-
lems for younger subjects were associated with statements of
uncertainty, versus 61% of the problems for older subjects.
ere was no difference in the use of �ller words (about 7%
for both age groups). Speci�c examples of how particular
problems identi�ed appear later in this paper.

ere were instances during the experiment where the
subject was silent for an extended period of time, where there
were no probes from the experimenter, and where it was
uncertain from the transcript and video recording what the
subject was thinking. is oen occurs with novice exper-
imenters as they focus on observing what subjects do. One
solution would be a timing device prompted the experiment
(unobtrusively to the subject) to probe the subject to think
aloud.

Frequency is the number of times the problem occurred,
usually across subjects, but sometimes within subject groups.
Persistence can be the number of times a problem reoccurred
within each subject.

ere were three primary severity categories—critical
(“showstopper”), major, and minor (oen cosmetic). A criti-
cal problem prevents subjects from completing a task, such as
not �nding a power button or an enter key. A major problem
substantially delays the subject but can be overcome. Aminor
problem hasminimal impact on performance, but a change is
nonetheless desired, such as making a label a different color
or choosing a different font. For this study, task time was
used to determine severity. Task times greater than 300 s (5
minutes) were critical. Greater than 30 s but less than or equal
to 300 s was major. Minor was 30 s or less.

In the literature are a number of formal methods to
analyze verbal protocols some of which the authors were
unaware of at the time this experiment was conducted (e.g.,
[28]). However, for the purpose of this applied analysis,
given the degree to which the subjects were expressive the
experience of the experimenter, and the time available, a
custom categorization scheme seemed more appropriate.
In brief, problems were categorized as device domain or
subject domain problems. Device domain problems were
(1) visual or auditory interface related (layout, label, text,
sound, and action time), (2) logic and organization (con-
trols, search, system, and information architecture), or (3)
nonusability soware issues (stability, database, and response
time). Subject problems included data knowledge, procedure
knowledge, and preference. In this case, the scheme was to
aid�orean designers,many ofwhowere not �uent in �nglish,
and had no human factors background.

Finally, given focus onwhat the sponsor needed to �x, the
limited time schedule, limited funding, no effort was made to
examine the effect of subject differences (young versus old,
those who had navigation systems versus those who did not,
etc.) on the particular problems encountered. Although very
interesting, they were secondary issues.

3.2. How Oen Were Subjects Able to Complete the Tasks?
Table 2 shows how well subjects did when they were given
hints. One could interpret this data to suggest that the
interface was relatively easy to use, but that was not the case.
Many subjects required hints to complete many of the tasks.
Had hints not been provided, the success rate would have
been half the values shown, or typically less than 50%, quite
poor. For perspective, subjects took 2 hours on average to
complete these 20 tasks, which is about 6 minutes/task, a
long time. Several of the tasks, such as setting a preset radio
frequency, should only take a few seconds to complete.

3.3. How Oen Did Problems Occur and How Severe Were
ey? Table 3 lists the 64 problems, a rather large number,
from the most frequent to the least frequent. About two-
thirds of all problems were experienced by at least 2 subjects.
Among those, 16 problems (25 percent of the total) were
encountered by more than half of all subjects. In the report
summarizing this project [24] the frequency of problems
was reported many ways. For the table that follows, they are
reported at the number of subject (out of 13) experiencing a
problembecause this was the formatmost readily understood
by the sponsor and its interface designers. Furthermore, the
experiment was deliberately designed to minimize repetition
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T 2: Successful completion with hints.

# Task Success
# %

# Not do

1 Set destination to 100 north 5th avenue, Ann Arbor, MI. 9 69
2 Find the nearest McDonalds and set it as a waypoint. 8 62
3 Find the nearest gas station from the current position. 11 85
4 Cancel the route that you have set up. 10 77
5 Enter and set a destination to the main Detroit Airport. 12 92
6 Change map scale to zoom in slightly. 10 77
7 Enter and set a destination to 1600 Pennsylvania Ave, Washington DC. 10 77
8 Set the destination to the intersection of US-23 and I-94. 1 8
9 Set the destination to Cobo Hall in Detroit, MI. 9 100 4
10 Set the destination to intersection of Broadway St and Plymouth Rd, Ann Arbor. 9 100 4
11 Enter your home address and store it. 3 50 7
12 Insert the CD and select the third track. 13 100
13 Adjust volume to a comfortable level. 13 100
14 Tune FM radio to 91.7. 13 100
15 Adjust volume to a comfortable level. 13 100
16 Save the frequency as �rst preset. 6 46
17 Tune XM radio to Elvis station. 10 77
18 Turn off XM radio. 12 100 1
19 Change the time to 11:45 pm. 13 100
20 Connect the iPod and select the song “Wonderful Tonight.” 12 92
Note: under the heading success, # refers to the number of subjects out of 13 who successfully completed the task with hints. us, for task 1, 100 × 9/13 =
69%. e # Not Do refers to the number of subjects who were not asked to do up to four tasks to keep the experiment from taking too long. us, for task 9,
only 9 of the 13 subjects performed the task, but all 9 of them (100%) complete the task.

of tasks and task elements, and thereby more widely explore
the interface, which tend to limit repeated encounter with
problems.

e linkage between what was observed and these
problems can best be described by example. Following is
a description of some of the most frequent and critical
problems. Problems were identi�ed by a combination of how
long it took to complete each task and step (if they were
completed at all), what subjects did, what subjects said, and
although not described here, their facial expressions. e
ultimate indication of a problem was when they said, “I give
up.” Quite frankly, identifying when a problem had occurred
was fairly obvious.

e most frequent problem (9) was that the system did
not accept “DC” as a state name when subjects searched for
an address in Washington, D.C (task 1). All subjects except
one (92% of the sample) tried to type “DC.” ey would get
to the state �eld and type in “D.” Immediately, the C key
would gray out because the system was expecting the subject
to type “District.” “Why is the C key gray? I want to type
it.” In contrast to most state names, the District of Columbia
is invariably abbreviated as “DC,” but the soware accepted
only “District of Columbia.” Allowing the intelligent speller
to accept both complete names and two-letter abbreviations
would eliminate this problem, and speed the entry of other
state names as well.

e systemoen froze (problem10)while the experiment
was in progress (for 11 of the 13 subjects, and for some
subjects, multiple times). Given that a prototype was being
evaluated, some problems were expected. e work around
the freeze was to unplug the system, plug it back in again,
and wait for the system to restart. is process took a minute
or so to complete and was mildly annoying to subjects and
experimenters. Although testing could have been conducted
when the interface had fewer bugs that froze the interface,
that testing would have occurred later in design when
there was less time and fewer resources to correct problems
identi�ed.

For task 16, 10 of the 13 subjects could not �gure out
how to set the radio presets (push and hold the so button),
problem 42.When they reached the preset screen, they would
say something such as “Where is the set button?” Oen, they
would push “autostore,” which reset all the presets. In fact,
one subject did this three times, exclaiming, “Why did it do
that, again!” when the desired frequency setting appeared
on a different button than it was prior to pressing autostore.
Subjects did not realize that themethod used to preset a radio
frequency that works for radios with mechanical buttons
(push and hold), also worked here.

Some 9 of the 13 subjects had trouble understanding
the label to change the keyboard from alphabetic mode (the
default) to numeric mode (problem 2), a step required to
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T 3: List of problems by frequency for all 13 subjects.

Frequency Problem # Severity Description
12 9 Major State name cannot be abbreviated (DC, Washington DC)
11 10 Minor System freeze
10 14 Minor No way to enter highway intersection as destination
10 42 Major No intuitive method to save radio frequency as preset
9 2 Major Difficult to switch keyboard to number keys

9 20 Major Could not search for an XM channel by name, so they browsed the numeric listing,
which was slow

9 24 Critical Typed building number in the street name (north/no)
9 35 Major Searching for an iPod song by title was very time-consuming
8 4 Minor Guidance voice quality was inadequate
8 6 Critical No intuitive method to cancel route/destination on map screen
8 7 Major Buttons are easily confused with displays
8 8 Major �xpected this interface to support multitouch, in particular 2-�nger zooming
8 17 Minor Correct address rejected (wrong house number range)
7 28 Major Did not realize what the search button did (also used for enter)
7 29 Major Incomplete and insufficient text information
7 37 Critical No alphabetic input method for numeric street name (Fih Ave)
6 3 Minor Negative response to autosuggest keyboard (autocomplete function)
6 13 Major Did not realize there were multiple pages for destination screen
6 32 Major Confusing intersection search guidance (“X”, “space”)
6 36 Major No intuitive method to store the entered address/home address

6 45 Major Did not understand icons on the map window (Z, compass, �ag, current position,
scale)

5 23 Major Typed building number in the street name
5 26 Major Did not understand the acronym POI
4 5 Major Did not understand POI symbol/function on the map
4 16 Minor Search displayed multiple entries for the same destination (3 Ann Arbor)
4 22 Major Difficult to switch to alphabet keys

4 25 Critical No intuitive method to search for a waypoint and add it as a waypoint on the map
screen.

3 11 Minor Too slow/fast system response time
3 12 Minor Address/text information was not legible
3 27 Major Did not recognize scale button on the map screen
3 30 Major No way to back up (e.g., main mode screen, simulation mode, and local POI)
3 33 Minor No intuitive method to bring up CD control aer inserting CD
3 34 Major Did not understand label SAT
3 38 Major Did not understand label Zagat
3 39 Major Did not recognize back button
3 40 Minor Unable to get to CD mode aer inserting CD
3 41 Major Did not understand Autostore
3 44 Major Did not understand icons on the status bar
3 57 Major No intuitive graphic to select the searched result on the list (city/street)
2 46 Minor Scale window disappears too quickly on the screen
2 48 Major Narrow search coverage by POI Name (no support for McDonalds)
2 50 Major Did not recognize the delete button on keyboard
2 64 Major Did not understand label Map key
1 1 Minor State name is highlighted and shown on Search by Address screen.
1 15 Minor Confusing search result (Ann Arbor/Ann Arbor Twp)



8 International Journal of Vehicular Technology

T 3: Continued.

Frequency Problem # Severity Description
1 18 Minor Misunderstood seek/track button label
1 19 Minor Did not notice volume label
1 21 Major No intuitive distinction between Route and Dest key
1 31 Minor Wrong screen instruction (“search by POI” in intersection)
1 43 Minor Did not understand label Dest
1 47 Minor Select button location was inconsistent
1 49 Minor Did not understand “Alternative” menu
1 51 Minor Misunderstood Asian, Korean, and Chinese on POI list (as language)
1 52 Minor No way to control volume on the screen
1 53 Minor Did not understand preset scan
1 54 Minor Misunderstood ATM and Bank on POI category list
1 55 Minor Wrong unit information/temperature
1 56 Major Did not understand play/stop icon
1 58 Major Did not understand numbers next to the searched street names
1 59 Major Not able to set clock in expected manner
1 60 Major No intuitive layout for house number input
1 61 Minor Did not understand orange line on the map
1 62 Minor No autosave feature in entering city
1 63 Minor Confusing categorization on POI list (gas station-travel/automotive)
Note: Problem #: e 64 problems were numbered 1–64.

complete task 1. ey did not realize there was a key on the
alphabetic keyboard screen to change modes, so they would
search for other screens using the back key, proclaiming
something like “where is the number screen?” At other times,
they could say, “I do not know where it is, so I will try
everything,” and they selected each key on the screen one
by one to learn what each did. Some subjects who were
methodical in their efforts found the alphabetic keyboard
mode key in this manner. e source of the problem was
that the mode keys/buttons looked like other buttons on the
keyboard, and there was no spacing or graphics to group
them apart. ere were other buttons for which functional
grouping, indicated by spacing and graphics, would have
helped as well.

In fact, subjects had numerous problems with so but-
tons. First, there was no graphic distinction between buttons
and displays, so that when subjects were not sure what to
do, they pressed everything, including displays. Providing
buttons with a drop shadow or other unique graphical
characteristic as well as auditory feedback (a click sound)
when buttons are operated should reduce confusion. When
driving, drivers should not be looking at the display. Many
interfaces have a beep to con�rm that a switch has been
pressed, but that beep is oen the same as the beep for an
error, which confuses drivers.

Also noteworthy were two problems related to street
address entry. Many American street names have a direction
as part of the name (e.g., North Main) and subjects were
uncertain if they should enter the street name as North Main,
Main and select North, or abbreviate North as N or NO. Only
one option was provided, so only 9 of the 13 subjects were

able to complete entry of a street name containing a direction,
even with hints. Oen they tried using exactly the same and
steps multiple times, saying something such as, “I think this
is the way to do it, but I must have not done it quite right.”
ey did not realize the system would not accept the data as
they entered it.

Subjects also struggled with street names that contained
numbers (e.g., 5th street) as only one method of entry was
supported, even though subjects may choose to enter those
streets as numbers or alphabetically (Fih). Numbered streets
are quite common in the United States.

Related to this were problems associated with subjects
not realizing what had been set or was a default. is was
particularly true with setting the state. Keep in mind that
many cities are located on rivers, because rivers provide
both water and transportation. However, rivers also serve
as a geographical boundary, so going to a nearby place may
require changing the state.

Problems in search for songs and radio stations were
common. In part, this was because the interface for each
mode (AM/FM, XM, etc.) was unique. e criteria on
which one could search was unique to the mode, and most
importantly, so was the organization. What could be saved or
preset varied with the mode, including what saves or presets
were named. As a consequence, subjects needed to browse
through pages of screens to �nd an XM radio station or
song on a storage device, which was a very time-consuming
process. Manually scrolling through a list of 100 or more
items and reading them to �nd a desired item should not be
done while driving, especially when the lists are in an order
the subject cannot use to speed the search.
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In summary, from most to least, problems included
unclear labels (20 instances, such as that for the number key
and the name autostore), problems with search (10, such
as a lack of consistency in method names and methods
available, especially in �nding songs and �M stations), poor
graphics (9, many icons were meaningless), disorganized
system (9, information such as destination modes being
split across 2 screens), illegible text (5, mostly text that
was too small, especially on maps), poor layout (4, such
as inconsistent location of the “ok” and “done” buttons),
other organizational issues, unreliable soware, and database
errors (2 each, including missing addresses), and problems
associatedwith unrecognizable sounds, slow system response
(2 types), and disorganized controls (all 1 each).

3.4. Persistence. Using persistence to identify problems was
less useful here than has been identi�ed in the literature.
Examples of the most persistent problems included not
understanding the acronym POI, not understanding icons in
the map window, system freeze, not knowing what the search
button did, expecting multitouch to be supported, and not
understanding the label Zagat. If anything, the persistence
data reinforced the need for better icons and graphics, and
potentially eliminating icons in some cases. As an example,
there were two screens from which subjects could select a
method to enter a destination. Oen, they did not realize
there was a second screen, so they were stuck.e icons were
of no help. Had the icons been removed, leaving only text,
all of the entry methods would be on one screen and user
performance would likely have improved.

Although there are numerous navigation systems in use
today, and many of them use icons, there are no standard
icons for navigation functions in ISO Standard 2575 [29].
Although it may not be possible to develop well-understood
icons for many of the navigation functions of interest, what-
ever is developed could be better than the current situation,
where icons vary from system to system.

3.5. Combined Analyses. When presented with a huge list of
problems, such as those in Table 3, the designers’ immediate
reaction is oen to ignore the overwhelming user feedback.
First, there is disbelief that subjects experienced all of the
problems listed. erefore, two representatives from the
sponsor responsible for the interface design observed every
subject, so they saw that the problems were real. Unfor-
tunately, they were not native English speakers, so for the
�rst few subjects they struggled to understand what was
occurring. at was overcome by impromptu discussions
with them between test sessions or at the end of the day to
explain what was observed. Also provided were a few video
outtakes for others not present. In a subsequent project, a
secure web camera in the test room was provided so those
not present could observe the experiment. In this case, the
13-hour time difference between the test facility (Ann Arbor,
Michigan, USA) and the sponsor’s main engineering center
(Yongin-Shi, Gyunngi-Do, Korea) makes remote viewing
inconvenient.

T 4: Problem numbers listed summarized by frequency and
severity.

Severity
Frequency Critical Major Minor

(𝑡𝑡 𝑡 300 s) (300 ≥ 𝑡𝑡 𝑡 30 s) (30 ≥ 𝑡𝑡)
12 9
11 10
10 42 14
9 24 2, 20, 35
8 6 7, 8 4, 17
7 37 28, 29
6 13, 32, 36, 45 3
5 23, 26
4 25 5, 22 16

3 27, 30, 34, 38, 39, 41,
44, 57 11, 12, 33, 40

2 48, 50, 64 46

1 21, 56, 58, 59, 60

1, 15, 18, 19,
31, 43, 47, 49,
51, 52, 53, 54,
55, 61, 62, 63

Note: for the descriptions corresponding to the problemnumbers listed here,
see Table 3.

To help designers prioritize what they should do, tables
were created using pairs of the dimensions of interest (fre-
quency, severity, and persistence). Ideally, designers should
consider those dimensions, the effort required to �x each
problem, and the implications of �xing each problem on
other problems, as well as other factors in making decisions
about what to �x.

e frequency-severity table (Table 4) contains the most
useful of the dimension combinations.e problems listed in
the upper le area of the table (e.g., 9, 42, 24, 2, 20, and 35)
are themost frequent and severe, and therefore, of the highest
priority.

4. Conclusions and Discussion

ere were many problems with this interface, some of
which were expected early in design when this interface was
examined. Subjects consistently needed hints to complete
tasks, which was not indicative of an intuitive interface.

One might criticize the sponsor of the research for the
existence of these problems. However, the more important
point is that they supported quali�ed experts to examine
their interface, identify problems, and suggest improvements.
Keep in mind that it is not the researchers’ role to make the
changes desired, and what is changed represents a tradeoff
between user impact, cost, schedule, and hardware and
soware limitations.

4.1. Lack of Style Guide. ere were inconsistencies in the
interface, for example, where the “done” or “ok” button was
located (and how it was labeled). According to the sponsor’s
representatives, there was no style guide or other speci�c set
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of guidelines governing the interface, a situation that greatly
increases the likelihood of problems due to inconsistency in
the user interface. Creating a style guide, especially one based
on research, is a major task, but well worth the effort. Most
computer manufacturers have style guides to help ensure
their interfaces are consistent (e.g., [30]).

4.2. Inconsistent Music Interfaces. e search methods avail-
able andwhat could be stored as presets variedwith themedia
and are re�ected in problems 16, 20, 28, 35, and others. ese
inconsistencies led to interfaces that were unique to each
media, making interface navigation difficult. Admittedly, the
underlying databases have different structures, but a more
common format andmore similar search features would have
been bene�cial, so that subjects would only need to learn one
set of search methods that were consistently named, not a
unique set of methods for each data set. Interestingly, this
system (and most others) did not allow for aggregation of
all favored music presets (AM/FM, XM, etc.) on a single
screen.

4.3. Destination Entry Problems. ere were numerous issues
with destination entry,most due to limiting theways inwhich
information was to be entered and not making apparent what
had already been set. ese issues are re�ected in problems
14, 16, 17, 37, and others.

4.4. IconsWere Not Understood. erewas a desire to provide
icons so the interface would be language independent and
usable by a wider user group. at assumes the icons are
understandable, which was not true here. Although better
icons could be developed and included in ISO Standard
2575, how well they will be understood is uncertain. at
suggests for some parts of the interface, icons may not be
provided. In the case of selecting a destination entry method,
all of the methods will �t on one screen instead of being
distributed across two screens, making it easier for users to
�nd the desired method. In other cases (e.g., maps), icons
must be provided, as there is insufficient space for text (let
alone icons plus text). However, in this instance, most icons
were not understood (problems 44, 45, 64, etc.). In fact, in a
very lengthy examination of the icons used in this interface,
conducted aer all tasks were completed, on average only 2 of
the 13 subjects were able to correctly identify what the various
icons meant when shown in context. Easy to understandmap
icons need to be developed.

4.5. Labels Were Not Understood. is included POI (prob-
lem 5), SAT (problem 34), Zagat (problem 38), and others.
Each of the labels used should be considered and alternatives
proposed. is needs to be done in conjunction with the
effort to develop new icons as they are an alternative to text
labels.

4.6. Lack of Functional Grouping. ere were several
instances where information on screens was not grouped
by function, increasing the time for users to �nd particular
information (and increasing errors as well).e best example
of this is problem 2. Admittedly, space is extremely limited,

but there were instances where spacing and graphics could
have been utilized for this purpose.

4.7. Buttons and Displays Looked Alike. ere were no com-
mon graphical elements to controls (primarily so buttons)
and displays (mostly icons), so that when subjects were
lost, they pressed everything (problem 7). In such instances,
having different auditory feedback for operation of a button
and erroneous operation would have been helpful.

Many of these problems are not new (See [31]).
Beyond this speci�c interface, which does this exper-

iment say about how think-aloud experiments should be
conducted?

4.8. More Experimenter Training Needed. More time was
needed to train the experimenter in the think-aloud method,
in particular time spent on testing pilot subjects and review-
ing video recordings of them. In this project, there were
two days between when the interface actually worked and
when testing had to begin to deliver results to meet the
sponsor’s production schedule, far too short. A minimum
of two to three weeks is recommended. Training is par-
ticularly important for nonnative speakers of the language
of subjects or those who do not have extensive experience
in testing human subjects as experimenters. Typically, they
do not prompt subjects enough, or more generally, just
have problems in reading subjects, not knowing when to
engage them. is need was re�ected in silent periods, where
neither the subject or the experimenter spoke, and oen the
experimenter just starred at the screen. In other situations,
when designers without human factors/usability expertise
conduct the testing, excessive leading of subjects is observed,
typically involving telling subjects how to complete a task.

A list of probe questions and criteria for when those
questions should be asked would be a useful addition to
the training materials. Being repeatedly asked “what are you
thinking” is annoying. Formal rules about when to intervene
and what to do (just press this button, but not saying why)
can be helpful.

Another idea is a device that would look for periods of
silence and subject inaction. When those periods occurred
for some time, the device would vibrate something on which
the experimenter was sitting as a reminder to ask a probe
question.

4.9. Real-Time Session Recording Helped. Secretaries or stu-
dents who were fast typists sat in the room with the subject
and the experimenter and served as the scribe, creating the
session transcripts. Immediately aer the session, when the
session was fresh in their mind, the scribe checked their
transcript against the audio and video recording. For this to
occur, more than a few minutes is required between subjects.
Nonetheless, generating transcripts in real time rather than
aer the fact from a video recording reduced the time to
provide the results to the sponsor, which was important
where a real evolving product with a rigid development
schedule was concerned.

ere was no evidence that the presence of a scribe
was disruptive, which was a concern. For example, subjects
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did not look at the scribe or comment on what they were
doing. Being nearby, the scribe could hear when the subject
mumbled, which was oen the case when people think aloud.
emumbling is oen difficult to hear on recorded video, but
is oen the most informative part of an interaction. In this
experiment, no soware to support recording was used. Use
of the Morae soware to aid session recording [32] should be
considered for the future.

ere was also no time to acquire and set up a high-
quality audio recording system. us, due to substandard
audio quality, few segments could be used for outtakes. To
partially overcome this problem, English subtitles of what the
subjects and experimenter said were added. Time and cost
permitting, even better for this audience would have been
subtitles in both English and Korean.

4.10. Real-Time Observation Helped. e project team has
always invited sponsors to watch test sessions directly. ere
are always concerns that additional observers will distract
subjects, or theymight do or say something that will interfere
with a test protocol, requiring the data to be discarded (and
additional time for replacement data to be collected). In on-
road studies, seating for the subject, the experimenter, and
equipment may leave only one unoccupied seat.

In this instance, there were two observers from the
sponsor who sat quietly in the corner of the test room.
Each night, they produced a summary that they sent to their
designers, greatly shortening the time to provide feedback
to them. e authors could not have responded as quickly.
is feedback was an extremely important supplement to the
written report and videos.

Had the hardware been available, providing a real time,
web camera video of the experiment to the designers (in
Korea) would have been useful. If the website URL is not
advertised and a website is password protected, security
should not be an issue. In this case, there were also issues with
test sessions being a half-day out of synch with that of the
designers and uncertainties about their ability to understand
spoken English when it is disjointed and mumbled.

Surprisingly, the major challenge in getting the video to
the users was not associated with the source, but getting the
feed into the sponsor network because of security constraints.
e solution is for the sponsor’s employees to stay homewhen
testing is expected, and watch it from there.

Keep inmind that if remote viewing is implemented, per-
mission must be obtained from subjects on the consent form
(and from the human subject board when the experiment is
reviewed).

4.11. Data Reduction Was Slow. Creating a list of problems
was a very slow and labor-intensive process, requiring the
second author to read the transcripts and watch each session
many, many times. Had there been time, the classi�cation
of problems would have bene�ted from a more structured
approach, either considering them as problems related to
goals and methods or to various error types (e.g., [33, 34]). A
more structured approach could have shortened the time for
data reduction, but only by a small amount. (See [16, 35–37].)
If anything, a major weakness of the think-aloud method

is that it takes so long to reduce the data, a concern when
product development needs to be rapid.

4.12. More Information Identifying Solutions Was Needed.
As the focus of the project was on identifying problems,
less effort was given to identifying solutions. Had the time
and resources been added, having a table that identi�ed the
solution to each problem (if there was a solution) could be
useful.

e tone of these last comments may suggest the think-
aloud method is seriously �awed. �uite to the contrary, the
method provided extensive and detailed insights as to why
users struggled to use the prototype navigation radio and
how it could be improved.Wider use for automotive interface
evaluation is strongly encouraged. Much of the information
provided in this paper either could not have been obtained or
would be difficult to obtain using other methods.

e ultimate test of this experiment was how the results
were used. Aer being presented toMobis, the sponsor, there
was a follow-up presentation for Hyundai-Kia.e result was
numerous requests from Hyundai-Kia to Mobis to modify
the prototype interface to enhance its usability based on the
experimental results.iswas not a project that led to a report
that just sat on a shelf. Furthermore,Hyundai-Kia has funded
follow-on research now in progress.
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