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Abstract

The main objective of this study was to evaluate the usability of a newly developed automotive navigation interface
design and the existing automotive navigation interface design. Professional and non-professional Malaysian drivers were
recruited (N=60). Participants evaluated two types of automotive navigation interface prototypes (new and existing design), using
the Kansei usability survey, modified System Usability Scale (SUS) in a driving simulator. Task completion time and number of
driving errors were also measured. In the Kansei usability survey, the participants rated the existing and new designs as 3.456 and
3.893, respectively, on a 5-point scale. The SUS scores were 62.625 (existing) and 66.625 (new) and errors made while
navigating were 12.85 errors (existing) and 8.15 (new). The task completion time for the new design was less than the existing
design (2.34 min vs. 2.59 min). Overall, the new automotive navigation interface design prototype demonstrated higher levels of

usability compared to the existing design.
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1. Introduction

Interacting with an automotive navigation system is
a common task for many drivers when navigating through an
unfamiliar route. Drivers often have to juggle between
engaging with the navigation system while keeping their eyes
on the road. According to Chia (2013), automotive navigation
devices, known as Personal Navigation Devices (PND),
commanded 93% of the market share, and the trend is
expected to continue in the future (Chia, 2013). A popular
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automotive navigation app, Waze, has over 50 million users
globally, with Malaysian and Indonesian users in the top ten
list of users (Meisia, 2014). Automotive navigation use is
expected to continue in the future, along with the global rise
of smartphone sales. The use of an automotive navigation
system is expected to be the norm for drivers worldwide but
this new phenomenon potentially leads to safety issues
concerning driver distraction. Since an automotive navigation
system helps in the primary task of driving, the levels of
usability for any automotive navigation must be sufficiently
high to prevent driver distraction. At the same time, usability
issues must be resolved as early as possible during the design
stage to avoid a costly redesign.

Drivers often use automotive navigation systems for
efficient navigation while driving. Urban drivers in Malaysia
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appreciate the benefits of the traffic rerouting features in order
to avoid congestion caused by accidents or any other
unforeseen events on the road. Apart from navigation,
automotive navigation devices also offer traffic information as
well as possible speed trap locations and points of interests.
Therefore, automotive navigation devices are an indispensable
tool for drivers especially in Malaysia where the trend for
automotive navigation use continues to rise.

According to a study by Young and Salmon (2012),
driving performance is degraded when drivers try to engage
with portable multimedia devices. Driver distractions due to
in-car entertainment systems is a concern for Malaysians as
cars in Malaysia have been equipped with sophisticated
entertainment and navigation systems, in accordance with the
latest developments in technology. Multimedia and navigation
systems in cars are linked to higher accident risks (JPJ, n.d.).
In line with the continuing trend of GPS use among Malaysian
drivers, the issue of driver distraction has started to become a
growing concern.

One of the earliest research studies on the usability
of automotive navigation systems was by Nowakowski et al.
(2003). A standard testing protocol was proposed by Nowa
kowski et al. (2003) to test the usability of automotive
navigation systems. Results showed that typical automotive
navigation systems have several usability issues related to
destination entry and route guidance. Similarly, usability
studies conducted by Al Mahmud et al. (2009), Dopart et al.
(2013) and Fok et al. (2011) revealed that GPS interface
design highly influences usability.

However, all of the previous studies on automotive
navigation interface design used a fully functional system (Al
Mahmud et al., 2009; Curzon, Blandford, Butterworth, &
Bhogal, 2002; Dopart et al., 2013; Fok et al., 2011; Noel,
Nonnecke, & Trick, 2005). A fully functional product allows
proper usability testing to be conducted. Almost all of the
interface design issues can be resolved since usability testing
consists of carrying out all of the typical tasks associated with
the product. For example, the task of destination entry and
following route guidance are the two typical tasks to be
carried out in an automotive navigation system (Nowakowski
et al., 2003). In a partially complete prototype of a product,
not all tasks can be carried out since the product is still at the
design stage.

Addressing usability problems during the design
stage is often the most practical way of preventing costly
redesign. Designers and users can work closely to iron out all
the possible issues related to the interface design. Engineers
typically perform design analysis using a computer simulation
tool like CAD software. Virtual reality tools have been
employed by some researchers in order to make product
evaluations as realistic as possible (Jung et al., 2009; Kuutti et
al., 2001; Whitman et al., 2004).

A fully functional system can enable the designers
to conduct proper usability testing; however, developing a
fully functional prototype can be costly and time consuming.
Usability issues should be identified early during the design
stage to minimize the need for a costly redesign of an
interface. The level of fidelity when testing user interfaces is
often debated by researchers (Lim et al., 2006; Sefelin et al.,
2003; Virzi et al., 1996; Walker et al., 2002). Usability testing
during the design stage is usually conducted using paper

prototypes to simulate the actual workings of a product or an
interface. According to Walker et al. (2002), usability pro-
blems can be detected no matter what the fidelity levels are.
Even though the level of prototype fidelity may not have a
significant influence in discovering the number of usability
problems, computer based prototypes were found to be more
preferable than paper based prototypes since it offers a more
realistic view of how the interface behaves (Sefelin et al.,
2003).

Therefore, the objective of the study was to evaluate
the usability of a new automotive navigation system and
compare it with existing systems. The prototype with a
medium level fidelity in the form of a short animation was
carefully designed to uncover a good number of usability
problems, while keeping the prototype development cost at a
reasonable level. Hence, the use of a medium level fidelity
automotive navigation interface prototype was deemed to be a
cost effective solution for the purposes of this study.

2. Materials and Methods

2.1 Overview

In this study, a new automotive navigation interface
design was developed based on the principles of Kansei
Engineering and the relevant design requirements for usability
were covered in a previous publication by the author
(Mohamed et al., 2016).

The automotive navigation interface design proto-
type was evaluated by Malaysian professional and non-
professional drivers using survey instruments that consisted of
the Kansei usability survey and modified System Usability
Scale (SUS) as well as two objective performance measures:
task completion time and the number of driving errors.

2.2 Participants

A sample size calculation was done via MINITAB.
Given an effect size of 0.437 and a sigma of 0.8 (values
obtained from pilot study data), the sample size calculation in
MINITAB revealed a power of 0.803 for a sample size of 54.
Therefore 60 participants were selected for this study. A total
of 30 professional drivers and 30 non-professional drivers
were recruited for the usability testing. Professional drivers in
the context of this study were defined as those who were
employed to drive passengers, while non-professional drivers
were those with valid driver licenses but were not employed to
drive passengers. All participants were Malaysian males aged
18-60 years old and all of them had previously used an
automotive navigation device.

2.3 Performance measures

2.3.1 Task completion time

Participants were instructed to drive from point A to
point B according to Figure 1. The time was measured as soon
as the participants started to drive the car until they stopped at
point B. Task completion time was captured using screen
recorder software.
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Figure 1. Driving route.

2.3.2 Number of driving errors

Driving errors were classified as traffic violations
committed by the participants while driving. The researcher
developed a classification of driving errors committed by the
participants by studying all of the recorded screenshots of the
driving simulator while the participants were engaged with the
simulator. Figure 2 shows the classification of driving errors
used in this study. During each driving session with the
driving simulator, the session was recorded using screen
recorder software for the driving error analysis. Each time the
participant violated a traffic rule the error was noted. The
number of driving errors was counted for the new and existing
automotive interface designs.

1) Mo signal 2) Mearmiss
3) Wrong lane 4) Lack of control
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TIWrongjunction 8
9) Wrong signalling 10

Ran trafficlight

)
)
1 Failto yvield
)
1 Ignoringtrafficsigns

)
]

Figure 2. Classification of driving errors.

2.4 Kansei usability survey

The Kansei Usability Survey was initially used in an
earlier study (Mohamed et. al,. 2015) by the authors to
develop the automotive navigation user interface prototype. A
total of 11 Kansei words related to usability are listed in the
survey (Table 1). Each Kansei word listed in Table 1 was
rated using a five-point Likert scale, ranging from strongly
agree (5) to strongly disagree (1). Based on a previous study
conducted by the author, the Cronbach’s alpha for the Kansei
Usability Survey was 0.980 which indicated high instrument
reliability (Mohamed, Shamsul, & Rahman, 2016).

2.5 Modified system usability scale (SUS)

Apart from the Kansei ratings, a modified System Usability
Scale (SUS) was used to assess the usability of the old and
improved GPS interface design. The SUS scale is a widely
used evaluation tool to evaluate usability for human

Table 1.  Kansei usability survey.

Information and icons

1) Findability:

Easily found and located at the expected region?
2) Interpretability:

Cannot be confused
3) Guessability:

Operation easy to guess
4) Operability:

Can be operated quickly, without reading or looking at labels?
5) Legibility:

Easily seen and clear?
6) Understandability:

Easy to understand?
7) Readability:

Easy to read?
8) Usefulness:

Useful for the driver?
9) Distinguishable:

Easily differentiated?
10) Recognizable:

Easily recognized?
11) Noticeable:
Can be noticed easily

machine interfaces (Orfanou, Tselios, & Katsanos, 2015). The
modified SUS based on a Likert scale questionnaire results in
an overall usability score that ranges from 0 to 100 (Table 2).
Each item’s score contribution ranges from 0 to 4. For items
1, 3,5, 7 and 9, the score contribution is the scale position
minus 1. For items 2, 4, 6, 8, and 10, the contribution is 5
minus the scale position. The sum of the scores is multiplied
by 2.5 to obtain the overall value of the SUS (Brooke, 1996).

2.6 Automotive interface navigation prototypes

Two automotive navigation interface design
prototypes were compared in this study (Figure 3). Both
designs were a short animated route in a hypothetical
metropolitan city that consisted of odd junction designs, and
closely spaced turns. Odd junction designs and closely spaced
turnings are common challenges for drivers when navigating
using GPS systems (Nowakowski et al., 2003) and therefore
should be included in the usability testing protocol for
automotive GPS systems.

Table 2. Modified system usability scale (Source: Brooke, 1996).

I would like to use this navigation interface frequently.

| found the navigation interface unnecessarily complex.

| thought the navigation interface was easy to use.

| think | would need Tech Support to be able to use the navigation
interface.

| found various functions in this navigation interface were well
integrated.

| thought there was too much inconsistency in this navigation
interface.

| would imagine that most people would learn to use this navigation
interface quickly.

| found the navigation interface very cumbersome to use.

| felt very confident using the navigation interface.

| need to learn a lot about this navigation interface before | could
effectively use it.
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The new automotive interface navigation prototype
was developed based on an earlier study by the researcher.
The design specifications for the new automotive interface
navigation prototype were obtained from the results of a
modified Kansei Engineering approach (Mohamed et al.,
2016), while the current design was chosen based on the best
Kansei evaluation ratings obtained in the previous study by
the author.

=4

Mulberry Road

(b) 0ld/Cerront Denign

Figure 3.  New design (top), Existing design (Bottom).

2.7 Usability testing protocol

Participants were asked to drive using the driving
simulator according to the route shown by the animated
design prototypes in Figure 1. A randomized repeated mea-
sures counterbalanced experiment design was used in the
evaluation. The newly developed automotive navigation
prototype would be evaluated against a current automotive
navigation design. Participants with even numbers would
evaluate the new automotive navigation design first followed
by the current automotive navigation design while the odd
numbered participants would be assigned to the current
automotive navigation design followed by the new automotive
navigation design.

Before starting the actual driving, participants were
told to adjust the driving controls in the simulator. Once the
adjustments were made, a practice session was done for at
least five min to ensure that the participants were familiar with
the driving controls. When the practice session was done,
participants would complete two experimental drives. After
completing each driving session for one design prototype, the
participants filled out the Kansei usability survey and the
System Usability Scale. Their driving session was recorded

using screen capture software. The usability test followed the
criteria set forth by Nowakowski et al. (2003). The test
involved route-following tasks for the prototype. According to
Nowakowski et al. (2003) a good test route should include
non-standard intersections, closely spaced turns, and hard to
see streets. Therefore the usability test conducted on the
automotive navigation prototype featured at least one of the
criteria described by Nowakowski et al.

The route that was chosen in driving the simulator
software consisted of several non-standard turns, closely
spaced turns (less than 100 m) in a hypothetical metropolitan
city. An unfamiliar route was chosen, so that the participants
would have to rely totally on the directions provided by the
automotive navigation prototypes. The route consisted of
several turns, with odd geometric junctions, and closely
spaced turns, which were included in the animation for testing
and evaluation purposes.

3. Results and Discussion

The Wilcoxon Signed Rank Test was used as most
of the data from the Kansei ratings, modified SUS scale, task
completion, and driving errors could not meet the assumption
of normality for the Student’s t-test. The Anderson Darling
Test conducted on all datasets (except the System Usability
Scores data) showed P-values less than 0.05 which indicated
non-normal datasets (Table 3). Therefore, the non-parametric
test was used in this analysis. Cronbach’s alpha statistics for
the Kansei evaluation rating and the modified SUS scores
datasets were 0.9285 and 0.9235, respectively, which
indicated high reliability of the datasets.

The descriptive statistics results showed that the
usability performance of the new design was better in every
measure compared to the existing design (Table 4). Task
completion times and driving errors were less when the
participants navigated using the new design and the modified
SUS scores and the Kansei rating were higher than the
existing design. Results from the inferential statistics indicated
that the new design performed significantly better than the
existing design (Table 5).

Table 3. Anderson darling summary statistics (overall data).
Datasets P-value
Kansei evaluation rating (1 to 5 points) 0.019

Modified system usability scale scores (0—100 points) 0.15

Number of errors made while navigating 0.033
Task completion times (min) 0.005
Table 4.  Summary of descriptive statistics of overall data.
Existing design New design
Overall data mean (SD) mean (SD)
Kansei evaluation rating 3.456 3.893
(1 to 5 points) (0.979) (0.804)
System usability scale 62.625 66.625
scores (0-100 points) (20.018) (21.441)
Number of errors made 12.85 8.15
while navigating (7.392) (6.305)
Task completion times 2.59 min 2.343 min
(min) (0.7037) (0.709)
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/] Existing Design

Table 4. Summary of inferential statistics of overall data (Wilcoxon

signed-rank test).

Z Score  P-value
Kansei evaluation rating —2.386 0.017
System usability scale (SUS) scores -0.99 0.322
Number of errors made while navigating —-4.989 0.00
Task completion times (min) -3.015 0.003

When navigating the route, a number of participants
made navigation errors as they tried to navigate from the Main
Road to Dublin Street and Station Street (Figure 4). The
distance between these junctions were less than 100 meters
apart, thereby causing some participants to miss the correct
turn altogether. High Street and Station Street are both located
at a very odd junction angle. Coupled with their proximity,
some participants struggled to find the correct turn while
navigating on those streets. However, the number of errors
committed by participants using the new automotive
navigation interface was fewer compared to the existing
design (Figure 4).

The findings validate the testing method used in this
study which was proposed by Nowakowski et al. (2003).
Automotive navigation usability testing should include closely
spaced turns and junctions which are often weak points for
drivers while navigating unfamiliar roads (Nowakowski et al.,
2003). Errors such as missing turn signals, entering the wrong
junction, entering the wrong lane were frequently committed
by the participants while navigating the roads in this study.
Despite the fact that the new design performed better in terms
of usability, there is one glaring issue that was raised by some
of the participants. The design of the buildings in the new
design can obstruct the views of important junctions on the
map. Some participants encountered a lot of difficulties while
trying to navigate the route since the highlighted route was
blocked by the tall buildings. This is particularly true when
navigating from Main Road to Dublin Street and Station
Street. A lot of errors were committed by the participants
when they tried to navigate these streets.

Main Road, Dublin Street, and Station Street were
all blocked from the view of the participants. This prevented
the participants from anticipating the next turn while
navigating the route. Participants recommended that some
buildings in the new design to be made transparent to prevent
blocking the views of important junctions and roads on the
map. However, some participants do prefer the presence of
buildings to determine their position and plan their journey.
According to some, the nearby buildings can also serve as
points of interest. It was also very difficult to get lost since the
map design was almost the same as the actual environment.
The current design had the advantage of no distracting
buildings on the map which made the route easy to follow.

According to Wickens (1992) and Abubakar & Zeki
(2015), pictorial realism states that any display should
resemble the variable or item that is represents as 3D images
which helps to convey more accurate spatial data. This is
corroborated by Ware (2012) that visualization greatly helps
in cognition. The way that 3D objects are represented in GPS
navigation systems greatly influences the usability of a
navigation system. It is with this view that the new GPS
interface navigation was designed. All buildings in the new

Figure 4. Comparison of errors (existing design and new design).
Main Road to Dublin Street and Station Street are circled
in red. The dots indicate error locations.

Figure 5. Highlighted route blocked by tall buildings (refer to circled
buildings).

design were drawn to be as realistic as possible. However, the
design of 3D objects in navigational maps in mobile devices
remains to be a bone of contention for researchers (Abubakar
& Zeki, 2015). A single perfect solution has yet to be found
since the design of 3D maps on navigation systems remains to
be a complex problem.

A realistic looking navigation map allows drivers to
determine their present location with respect to their next
planned turnings or exits. Landmarks do assist drivers when
navigating an unfamiliar road. According to Kaplan (1976)
landmarks are defined as “a known place for which the
individual has a well formed representation”. Landmarks have
been useful for drivers when navigating roads (Burnett, 2000;
Burnett, 1998; Green et al., 1993; Jackson, 1998; Streeter &
Vitello, 1986) and landmarks are most highly valued
information followed by left and right directions given by
passengers (Burnett, 1998; Streeter & Vitello, 1986).
Furthermore, Deakin (1996) pointed out that wayfinding
errors in an unfamiliar city decrease when landmark
information is made available which supports the finding of
this study where driving errors decreased when the new
automotive navigation interface design was used.
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The 3D realistic representation of buildings and
landmarks provided users cues and contexts in the display. In
turn, this will encourage the sensemaking process. Taylor &
Van Every (2000) defined sensemaking as a cognitive path-
way leading to a coordinated action. It is an active process
where the individual seeks information, gives it an interpreted
meaning, and acts based on it. According to Weick (1995),
one of the principles of sensemaking is that people extract
cues from the context to make sense of the situation. Realistic
3D representation of buildings and landmarks theoretically
can provide user cues, assist the sensemaking process, and
consequently influence behavioral actions.

The modified System Usability Scale (SUS) scores
showed no significant difference between the existing design
(62.625) and the new design (66.625). This is due to the fact
that the SUS sensitivity towards detecting differences in
usability for different interfaces may be low. According to
Kortum & Acemyan (2013), the SUS scores for any product
does not typically go below 50 even when the product may
have significant usability issues. Therefore, Kortum and
Acemyan (2013) suggested that the midpoint range (50)
should be the point to define the “usability failure” point. A
previous study by Sauro (2011) reported that only 4% of 233
studies reviewed had SUS scores less than 40 which supported
the findings of Kortum and Acemyan. Despite the findings
from Kortum & Acemyan, (2013) and Sauro (2011) on the
ability of the SUS scale, the new automotive navigation
interface design scored slightly higher (66.625) than the
existing design (62.625). This study proved the fact that
usability was successfully engineered into the new automotive
navigation interface design via the Kansei Engineering
approach as explained by the authors of this study in an earlier
publication (Mohamed et al., 2016).

In implementing the Kansei Engineering approach,
interpretation of certain design elements in an interface design
need to be carefully considered. Even though previous studies
(Abubakar & Zeki, 2015; Wickens, 1992) suggested that 3D
images in an interface may help in the accuracy of
visualization, the results from this study showed that the
manner of how the 3D images are displayed in an interface is
important as well. The design and layout of 3D images in an
interface needs further research in terms of how usability can
be affected b

4. Conclusions

The newly developed automotive navigation inter-
face showed higher levels of usability compared to the
existing automotive navigation interface design in terms of the
Kansei usability survey (Z=-2.386, P=0.017), number of
driving errors (Z=—4.989, P<0.00), and task completion times
(Z=-3.015, P=0.003). Objective and subjective measures of
usability were utilized in this study. Due to resource limi-
tations, a full-fledged automotive navigation system could not
be developed by the researcher. Developing a prototype with a
medium-high level fidelity was deemed to be the best option
while minimizing the development cost since both low and
high fidelity prototypes are able to uncover usability issues
(Walker et al., 2002).

Future research should investigate further the
amount of detail required in automotive navigation interface

maps. Even though 3D objects in automotive navigation
interface may be perceived to be useful for drivers, the results
from this study proved that the presence of the 3D objects in a
map may have a negative influence on usability.
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