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Abstract: Automotive gear shifters are among the most important control devices in driving tasks,
and their user-centered design has a direct impact on the driving performance and safety. In recent
years, shift-by-wire systems with electronic shift buttons have replaced conventional transmission
systems due to their advantages, such as the ease of shifting and space utilization inside vehicles.
However, there are no minimum requirements or specific regulations for electronic shift button
layouts. Thus, different car manufacturers and models have adopted different layouts, and this in
turn has induced the risk of driver confusion/error in the shifting operation. Therefore, this study
aimed to evaluate the ergonomic performance of different electronic shift button layouts and examine
the variance in performance depending on driving experience. Here, 21 survey respondents with
different levels of driving experience subjectively evaluated 12 different shift button layouts for
7 ergonomic evaluation measures (accuracy, convenience, rapidity, learnability, intuitiveness, safety,
and preference). The outcomes of the study elucidate ergonomic layouts that receive high rankings
in each driving experience group (all, novice, and experienced drivers) and principles that should
be considered when designing shift button layouts for each group. These findings are expected to
contribute to the ergonomic design and international standardization of shift button layouts, thereby
preventing driver confusion/errors and improving road safety.

Keywords: design principle; driving experience; electronic shift button; ergonomic design; shift
button layout; road safety; driving performance

1. Introduction

Automotive transmissions, which are used to shift between park (P), reverse (R),
neutral (N), and drive (D) for longitudinal vehicle control, are among the most important
control devices for driving [1]. In 1965, the American Society of Automotive Engineers
(SAE) established an international standard requiring car manufacturers to design gear
shifters according to the manual control sequence P-R-N-D [2]. This standard was intended
to reduce accidents caused by driver confusion and erroneous operations, which occurred
frequently mainly because the arrangement and order of gear positions (hereafter, referred
to as layout) previously differed for each car manufacturer/model. The Code of Federal
Regulations (CFR), title 49 (transportation), stipulates the following [3]:

“53.1.1 Location of transmission shift positions on passenger cars. The N position
is to be located between the D and R positions.”

“S3.1.1.1 Transmission shift levers. If a steering-column-mounted transmission
shift lever is used, the movement from the N position to the D position is to be
clockwise. If the transmission shift lever sequence includes a P position, it is to
be located at the end adjacent to the R position.”
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The recent advances in automotive transmissions have enabled various advantages in
shift-by-wire (SBW) systems. As a result, they have replaced the conventional mechanical
transmission system [4,5], and they have become customary over the last several decades.
The SBW systems not only possess several advantages in terms of driver convenience and
ease of gear shift operation, but they also help improve the level of freedom in transmission
system design and space utilization inside vehicles [5-7]. In particular, an SBW system
with electronic shift buttons facilitates easier gear shifting as compared with a transmission
shift lever [8]. Moreover, there is no restriction on the mounting position of the gear shifter,
and thus the internal space of the vehicle can be effectively utilized. Furthermore, in the
event of an accident, no collision can occur between the body of the passenger and the gear
shifter, thereby preventing injury to the passenger [6].

Despite these advantages, SBW systems with electronic shift buttons are not within
the scope of the aforementioned SAE/CEFR international standard. Therefore, there are no
minimum requirements or regulations for the electronic shift button layouts. In addition
to this, there are no detailed regulations related to various design factors such as the
shift button size, color, separation, and visual/tactile feedback. Accordingly, as shown in
Table 1, various layouts have been adopted by different car manufacturers/models, and
this introduces the risk of erroneous operation by drivers. Qiu et al. [9] demonstrated
that ill-structured console layouts result in an increase in the operator workload and
subsequently increase the task completion time and error rate. The electronic shift button
layout determines the accuracy, convenience, and speed of gear shifting, and it may affect
the driving performance and overall safety [10]. Even though erroneous operation and
safety accidents have occurred due to ill-structured shift button layouts and vehicles have
been recalled accordingly [11,12], and standardization efforts and studies of ergonomic
performance of electronic shift button layouts have not been actively performed. Given that
electronic shift buttons are key elements in longitudinal vehicle control, a well-designed
button layout is particularly important from an ergonomic perspective [13]. Accordingly, it
is necessary to determine ergonomic electronic shift button layouts to improve the driving
performance and reduce erroneous operation.

Therefore, as an effort toward the ergonomic design of automotive electronic shift
button layouts and its global standardization, we investigated the ergonomic performance of
different shift button layouts. Given that individual driving experiences significantly affect
the driving performance, especially gear shifting performance for longitudinal control [14,15],
it is necessary to consider the driving experience when designing shift button layouts [13,16].
Accordingly, we aimed to address the following unexplored research questions. The research
activities performed to address the questions were also defined as follows:

Research question 1: What constitutes an ergonomic electronic shift button layout?

Research activity 1-1) Identify excellent shift button layouts that receive high marks from
all respondents (regardless of driving experience).

Research activity 1-2) Determine principles that should be considered when designing
shift button layouts.

Research question 2: How does the ergonomic performance of electronic shift
button layouts vary depending on driving experience?

Research activity 2-1) Identify excellent shift button layouts that receive high scores from
each driving experience group (driving for <2 years or >2 years).

Research activity 2-2) Determine principles that should be considered when designing
shift button layouts for each driving experience group.

To address the aforementioned research questions and perform the corresponding
activities, 12 different button layouts were established that considered the currently com-
mercialized shift button layouts and ergonomic principles. A total of 21 respondents,
consisting of 11 novice (driving for <2 years) and 10 experienced (driving for >2 years)
drivers, were required to evaluate each of the 12 button layouts using 7 ergonomic eval-
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uation measures (accuracy, convenience, rapidity, learnability, intuitiveness, safety, and
preference).

Table 1. Different types of electronic shift button layouts according to car manufacturer/model.

Car .
Manufacturer Illustrated Example and Corresponding Car Model
PALISADE,
. TUCSON,
HYUNDAI IONIQ Electric SONATA,
GRANDEUR, etc. *
ASTON
MARTIN VANTAGE
5708, 720S, 765LT, GT,
MCLAREN SPEEDTAIL SENNA, etc. **
CHEVROLET

[ T8 |
[ 3
| [
| 4 TAHOE
BOLT EV, BOLT EUV J ‘ 4
‘\ ‘ ﬂ % SUBURBAN

[ 8 I
I |
— ‘ Al ‘ YOKON, YOKON XL
( ’ | TERRAIN, & ‘ ) ,
GMC v I W | Aaccapia < ﬂ E%Iflgll\jl

NAVIGATOR,

LINCOLN MKZ, MKX, MKC, R /| \TOR, CORSAIR,
NAUTILUS (~2020) AT US (0o
ACCORD,

HONDA ODYSSEY.

ACURA-RLX, etc. ***

l
FIAT S

RENAULT

etc. *: SONATA Hybrid, GRANDEUR Hybrid, TUCSON Hybrid, SANTAFE Hybrid; etc. **: 650S, 675S, 600LT;
etc. ***: CR-V Hybrid, Pilot, ACURA-MDX, TLX, NSX.

2. Methods
2.1. Respondents

In this study, a novice driver was defined as “a person for whom two years have
not passed from the day on which a driver’s license was obtained” according to the Road
Traffic Act Section 2 (27) [17]. Accordingly, 11 novice drivers with 2 or fewer years of
driving experience and 10 experienced drivers with more than 2 years of driving experience
were recruited. Given that the experience using electronic shift buttons could affect the
results of the study, such experiences were considered in addition to the driving experience
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when recruiting the respondents. Each respondent signed an informed consent form before
participation. The characteristics of the respondents are summarized in Table 2.

Table 2. Respondent characteristics.

Experience Using Electronic

Driving Experience (Years)

Group Shift Buttons N Mean SD Range
Novice driver No 6 0.99 0.43 0.50-1.67
(<2 years) Yes 5 5.96 0.51 0.42-2
=2y Total 11 1.05 0.48 0.42-2
Experienced No 5 6.58 1.26 4.75-8
driver Yes 5 5.58 0.51 4.67-6.08
(>2 years) Total 10 5.96 1.15 4.67-8

2.2. Design Alternatives

In an effort to properly address the research question of ‘What constitutes an er-
gonomic electronic shift button layout?’, this study aimed at generating many different
layout design alternatives in an exploratory/opportunistic way, and then comprehen-
sively /comparatively evaluating them in terms of the ergonomic performance.

Note that in generating the button layout design alternatives, the current study con-
sidered only the four shift buttons (P, R, N, and D) pertaining to the key elements for the
shifting operation, not other functional buttons for starting the engine or changing the
driving modes (sport, comfort, eco, etc.); furthermore, other design factors besides layout,
such as the size, color, material, or spacing of buttons, were not considered.

The ergonomic principles applied to generate various button layout design alternatives
were as follows:

o Consistency: Maintaining consistency of the component layout across the same or similar
systems (systems designed for the same or similar functions) [18-20]:

The button layout was designed such that it is the same as or similar to commercialized
button layouts that have been adopted for popular car brands, as shown in Table 1.

e  Functional similarity: Grouping components that are functionally related in the operation of
the system [9,13,21,22):

The P and N buttons associated with the stop function were positioned close together
and away from the D and R buttons associated with the driving function. Nakade et al. [4]
stated that locating the push switch for shifting to hold the vehicle stationary (i.e., P) away
from those used to change the driving force direction (i.e., D and R) could help prevent
mis-shifts into the P position when changing the driving force direction.

o Compatibility: Designing control layouts such that the system response (movement) to the
user operation meets his/her expectations [18,20,23]:

Relative to the N button, the D button was positioned in front and the R button behind.

e  Stereotype: Designing control layouts in line with the expectations of a particular group
of users [13]:

The D and R buttons that determine the direction of longitudinal vehicle control were
positioned in the longitudinal direction.
A total of 12 design alternatives were generated through the following two-step process.

e  Step 1: A total of six button layouts were derived by applying the consistency principle,
in other words, designed to be the same as or similar to internationally manufac-
tured /commercialized ones. These six layouts were odd-numbered (hereafter referred
toasL1,L3,L5 L7, L9, and L11).

e Step 2: Each of the six button layouts derived in Step 1 was slightly modified by
applying other ergonomic layout design principles instead of the consistency principle,
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generating six other novel button layouts. These six layouts were even-numbered
(hereafter referred to as 1.2, L4, L6, L8, L10, and L12).

Table 3 summarizes/illustrates the 12 design alternatives with the 6 odd-numbered
and 6 even-numbered layouts in the left and right columns, respectively; furthermore, the
ergonomic layout design principles applied in each design alternative are also indicated.

Table 3. Twelve design alternatives and corresponding ergonomic principles.

Layout Principle Layout Principle Ergonomic Principles

@ P o]

L1 L2
g,
® @
n © n @ Consistency:
L3 an @ L4 BN % Design the button laygu%L to be the same as or similar
n ® B @ to currently commercialized button layouts
©) @ Functional similarity:
nnn n Position the P button close to the N button associated
L5 [N | Lo n“m with the stop function and away from the D and R
@ buttons associated with the driving function
o @ o @ Compatibility:
L7 o o L8 0 0 Relative to the N button, position the D button in
0 o @ front and the R button behind
P | @ D | @ Stereotype:
“ m Position the D and R buttons that determine the
L9 L10 direction of longitudinal vehicle control in the
E @ E % longitudin{;l difection
)
L11

[P w ][0 w2 QEEE

2.3. Pairs Compared to Examine the Effectiveness of Applying Ergonomic Principles

To study the effectiveness of each ergonomic principle, pairs of layouts were compared
based on Table 3; layouts with and without each ergonomic principle applied formed a pair
(Table 4). These pairs were used in Research activity 1-2 and Research activity 2-2. There
was no such layout wherein the principles of compatibility and consistency were applied
simultaneously in this study because the compatibility principle has not been applied to
the currently commercialized button layouts. In other words, a layout with the consistency
principle applied was a layout without the compatibility principle applied, and vice versa.

Table 4. Pairs of layouts compared to study the effectiveness of each ergonomic principle.

Principle Compatibility Functional Similarity Stereotype
Applied  Unapplied  Applied Unapplied Applied  Unapplied
L2 L1 L3 L1 L6 L5
Pair of L4 L3 L4 L2 L8 L7
layouts
compared L10 L9 L3 L9 L9 L11

L12 L11 L4 L10 L10 L12
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2.4. Questionnaires

Seven measures—specifically, accuracy, convenience, rapidity, learnability, intuitive-
ness, safety, and preference—were employed to evaluate the design alternatives from
an ergonomic perspective. The descriptions of these measures and the questions asked to
the respondents regarding each measure are given in Table 5.

Table 5. Seven subjective rating measures and corresponding questions.

Measure Question

Accuracy This layout will help me shift gears accurately without error.

Convenience This layout will help me shift gears conveniently in terms of gaze behavior or manipulation.
Rapidity This layout will help me shift gears quickly.

Learnability This layout can be adopted easily and used without much effort or learning.

Intuitiveness The arrangement and order of buttons in this layout meet my expectations.

Safety This layout will help me drive safely.

Preference I like this layout (I'm willing to use/buy it).

For each of the seven measures, the respondents answered the question using a 7-point
Likert scale [24,25] with the endpoints “Strongly disagree” (1) and “Strongly agree” (7) and
the midpoint “Neutral” (4). After obtaining subjective ratings for each design alternative,
additional opinions (reasons for the answers, points to be improved, etc.) on the alternative
were collected through a post-questionnaire/interview.

2.5. Conducting Online Surveys

The survey in this study was conducted on an online platform called “Survey Monkey.”
Each respondent was asked to complete the survey assuming a situation in which repetitive
and rapid gear shifting was needed (such as when parking or yielding on a narrow road).
The presentation order of the 12 design alternatives was randomized for each respondent.
To minimize the effect of mental fatigue, each respondent conducted the survey over
a period of seven days.

2.6. Data Analyses

The methods for analyzing the results corresponding to each of the four research
activities to address the two research questions of this study were as follows. The two re-
search questions were (1) “What constitutes an ergonomic electronic shift button layout?”
(Research question 1) and (2) “How does the ergonomic performance of electronic shift
button layouts vary depending on driving experience?” (Research question 2).

2.6.1. Research Activity 1-1) Identify Excellent Shift Button Layouts that Receive High
Marks from All Respondents (Regardless of Driving Experience)

A one-way repeated-measures analysis of variance (ANOVA) was conducted to test
the impact of the independent variable (layout) on each dependent variable (accuracy,
convenience, rapidity, learnability, intuitiveness, safety, and preference). Mauchly’s test
was performed to assess the sphericity of the data for each ANOVA test. In cases wherein
the sphericity was violated, the degrees of freedom were corrected; the Greenhouse-Geisser
correction was used when the Greenhouse-Geisser estimate of sphericity (¢) was less than
0.75; otherwise, the Huynh-Feldt correction was used [26,27]. In the case of statistically
significant ANOVA results, post-hoc multiple comparisons with Bonferroni corrections
were conducted to determine the pairs of button layouts that significantly differed in terms
of the mean value.
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2.6.2. Research Activity 1-2) Determine Principles that Should Be Considered when
Designing Shift Button Layouts

A paired t-test was conducted to study the impact of the independent variable (er-
gonomic principle) on each dependent variable (accuracy, convenience, rapidity, learnabil-
ity, intuitiveness, safety, and preference). The pairs of layouts that were compared to study
the effectiveness of applying each ergonomic principle are provided in Table 4.

2.6.3. Research Activity 2-1) Identify Excellent Shift Button Layouts that Receive High
Scores from Each Driving Experience Group (Driving for <2 Years or >2 Years)

Two-way mixed ANOVA was conducted to test the main and interaction effects of
the independent variables (layout and driving experience) on each dependent variable
(accuracy, convenience, rapidity, learnability, intuitiveness, safety, and preference). The
simple main effects for each independent variable in the case where there was a significant
interaction effect between the independent variables were investigated.

2.6.4. Research Activity 2-2) Determine Principles that Should Be Considered when
Designing Shift Button Layouts for Each Driving Experience Group

A two-way mixed ANOVA was conducted to test the main and interaction effects of
the independent variables (ergonomic principle and driving experience) on each dependent
variable (accuracy, convenience, rapidity, learnability, intuitiveness, safety, and preference).
In the case where there was a significant interaction effect between the independent vari-
ables, simple main effects for each independent variable were investigated. The pairs of
layouts in Table 6 were again used here to examine the effectiveness of applying each
ergonomic principle.

Table 6. Mean differences between layouts to which ergonomic principles were applied and layouts
to which they were not applied.

Pair of Layouts

Principle Compared Accuracy  Convenience Rapidity Learnability  Intuitiveness Safety Preference
L2-L1 -0.29 -0.38 -0.10 -1.10 -0.38 -0.38 0.05
o L4-L3 -0.57 -0.71 -0.24 -0.90 -0.43 -0.33 -0.38
Compatibility
L10-L9 —1.33 ** —1.24 ** —-0.90 * -1.90 ** -1.90 ** —1.43 ** -1.71 **
L12-111 0.19 0.52 0.00 0.00 0.57 0.19 0.43
L3-L1 0.38 043 0.33 0.14 0.14 0.29 0.10
Functional L4-L2 0.10 0.10 0.19 0.33 0.10 0.33 -0.33
similarity L3-L9 0.67 0.76 0.86* 0.24 0.24 0.81 0.48
L4-L10 1.43 ** 1.29 * 1.52 *** 1.24 ** 1.71 *** 1.90 *** 1.81 ***
L6-L5 0.90 1.00 0.67 1.05 * 1.43 % 0.90 * 0.81
L8-L7 0.67 0.86 * 043 0.90 * 1.52 ** 0.81 1.00 *
Stereotype
L9-L11 1.24 ** 1.86 *** 1.10 1.86 *** 2.10 *** 1.00 * 1.76 ***
L10-L12 -0.29 0.10 0.19 -0.05 -0.38 -0.62 -0.38

*p <0.05,* p<0.01, ** p <0.001.

All statistical tests were conducted using IBM SPSS Statistics 23.0 and were based on
an alpha level of 0.05.

3. Results
3.1. Effects of Layout on Each of the Seven Dependent Measures

The ANOVA results showed that the layout affected all seven dependent measures
(accuracy, convenience, rapidity, learnability, intuitiveness, safety, and preference), with
each p-value being less than 0.001. For each of these dependent variables, the mean and
standard deviation of each layout design are shown in Figure 1, and the asterisks indicated
statistical significance in post-hoc multiple comparisons with Bonferroni corrections.
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Figure 1. Mean and standard deviation of each subjective rating measure for each layout: (a) accuracy,
(b) convenience, (c) rapidity, (d) learnability, (e) intuitiveness, (f) safety, and (g) preference. * p < 0.05,
**p <0.01, *** p < 0.001.

Across all seven measures, L1, L2, L3, L4, L6, and L9 show scores higher than 4
(“Neutral”). The layouts that exhibit statistically significant differences for each of the
six layouts are as follows:
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e L1 displays significantly higher mean scores compared to L5 for learnability; L7 in
terms of all seven measures; L10 in terms of learnability, safety, and preference; and
L11 in terms of convenience, learnability, intuitiveness, and preference.

o L2 exhibits significantly higher mean scores compared to L7 in terms of accuracy,
intuitiveness, and preference, and L10 in terms of intuitiveness and preference.

e L3 shows significantly higher mean scores compared to L5 in terms of learnability;
L7 in terms of all seven measures; L10 in terms of convenience, rapidity, learnability,
safety, and preference; L11 in terms of convenience, learnability, intuitiveness, and
preference; and L12 in terms of convenience, rapidity, and learnability.

e L4 presents significantly higher mean scores compared to L7 in terms of all seven
measures; L10 in terms of safety and preference; and L11 in terms of convenience.

L6 shows a significantly higher mean score compared to L7 in terms of intuitiveness.
L9 has significantly higher mean scores compared to L5 and L7 in terms of learnability
and L11 in terms of learnability and intuitiveness.

3.2. Effects of Ergonomic Principle on the Dependent Measures

Table 6 shows the mean differences between layouts to which ergonomic principles
(consistency, compatibility, functional similarity, and stereotype) were applied and layouts
to which they were not applied. The bold type and asterisks indicate statistical significance
in the paired t-test.

The pairs of layouts that show statistically significant differences for each of the seven
dependent measures are as follows:

e  For all seven measures, L9, wherein the compatibility principle was not applied, presents
a significantly higher mean score than L10, to which this principle was applied.

e  For rapidity, L3, to which the functional similarity principle was applied, exhibits
a significantly higher mean score than L9, to which this principle was not applied; for
all seven measures, L4, to which the functional similarity principle was applied, shows
a significantly higher mean score than L10, to which this principle was not applied.

e  For learnability, intuitiveness, and safety, L6, to which the stereotype principle was applied,
exhibits a significantly higher mean score than L5, to which this principle was not applied;
for convenience, learnability, intuitiveness, and preference, L8, to which the stereotype
principle was applied, shows a significantly higher mean score than L7, to which this prin-
ciple was not applied. Regarding accuracy, convenience, learnability, intuitiveness, safety,
and preference, L9, to which the stereotype principle was applied, displays a significantly
higher mean score than L11, to which this principle was not applied.

3.3. Effects of Layout and Driving Experience on Each of the Seven Dependent Measures

The ANOVA results showed that the interaction effect between the layout and driving
experience was statistically significant for all seven measures. For each measure, the simple
main effects for layout and driving experience were also statistically significant. Regarding
the simple main effects for layout, the mean and standard deviation of each subjective
rating measure for each layout in the novice driver group are presented in Figure 2, with
asterisks indicating significant layout effects.
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Figure 2. Mean and standard deviation of each subjective rating measure for each layout in the novice
driver group: (a) accuracy, (b) convenience, (c) rapidity, (d) learnability, (e) intuitiveness, (f) safety,
and (g) preference. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Across all seven measures, L1, L2, L3, L4, and L6 show higher scores than 4 (“Neutral”).
Among these five layouts, all except L6 display statistically significant mean differences
from the others, and the results are as follows:

e L1 exhibits significantly higher mean scores compared to L7 in terms of learnability
and intuitiveness; L9 in terms of safety; and L11 in terms of convenience, intuitiveness,
safety, and preference.

e L2 presents significantly higher mean scores compared to L5 in terms of accuracy and
preference; L7 in terms of accuracy, convenience, learnability, intuitiveness, safety, and
preference; L9 in terms of preference; L10 and L11 in terms of accuracy, convenience,
rapidity, intuitiveness, safety, and preference; and L12 for convenience, rapidity,
intuitiveness, and preference.

e L3 shows significantly higher mean scores compared to L7 for accuracy, learnability,
intuitiveness, safety, and preference; L9 in terms of safety; and L11 in terms of accuracy,
convenience, learnability, intuitiveness, safety, and preference.

e L4 displays significantly higher mean scores compared to L7 in terms of accuracy,
convenience, learnability, intuitiveness, safety, and preference; L9 in terms of rapid-
ity and safety; L10 in terms of rapidity, safety, and preference; L11 in terms of all
seven measures; and L12 in terms of convenience and rapidity.

In addition, L8 shows a higher score than 4 (“Neutral”) for all measures except
learnability and preference and a higher mean than L7 in terms of intuitiveness.

Figure 3 presents the mean and standard deviation of each subjective rating measure
for each layout in the experienced driver group, wherein the asterisks indicate significant
layout effects.

Across all seven measures, L1, L3, and L9 present scores higher than 4 (“Neutral”).
The layouts that show statistically significant differences for each of these three layouts are
as follows:

e L1 displays significantly higher mean scores compared to L7 in terms of accuracy,
convenience, learnability, intuitiveness, and preference, and L10 in terms of learnability,
intuitiveness, and preference.

L3 exhibits a significantly higher mean score compared to L7 in terms of preference.
L9 shows significantly higher mean scores compared to L2 and L4 in terms of intuitive-
ness; L5 in terms of learnability and intuitiveness; L7 in terms of accuracy, convenience,
learnability, intuitiveness, safety, and preference; and L10 for convenience, learnability,
intuitiveness, safety, and preference.

Regarding the simple main effects for driving experience, the mean differences of the
seven dependent measures between the novice and experienced driver groups for each
layout are shown in Table 7 (where a positive value indicates that the mean evaluation
score is higher for the novice group than for the experienced group). The mean differences
with statistically significant simple main effects for driving experience are indicated by
bold font and asterisks.

For each of the seven dependent measures, the layouts that show statistically signifi-
cant mean differences between the novice and experienced driver groups are as follows:

e  For L2, the novice driver group exhibits significantly higher mean scores than the
experienced driver group for all seven measures.

e  For L4, the novice driver group displays significantly higher mean scores than the
experienced driver group for all measures except learnability.

e  For L8, the novice driver group shows a significantly higher mean accuracy score than
the experienced driver group.

e  For L9, the experienced driver group presents significantly higher mean scores than the
novice driver group in terms of accuracy, learnability, intuitiveness, safety, and preference.

e  For L11, the experienced driver group shows significantly higher mean scores than
the novice driver group for all seven measures.
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Figure 3. Mean and standard deviation of each subjective rating measure for each layout in the
experienced driver group: (a) accuracy, (b) convenience, (c) rapidity, (d) learnability, (e) intuitiveness,
(f) safety, and (g) preference. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 7. Mean differences of seven dependent measures between the novice and experienced driver

groups for each layout (Meannoyice driver — Meanexperienced driver)-

Accuracy Convenience Rapidity Learnability Intuitiveness Safety Preference
L1 -0.19 -0.30 -0.30 —0.42 -0.95 —0.28 -0.45
L2 1.75* 2.03 ** 1.81*% 2.45 ** 2.771 *** 2.62 *** 2.88 ***
L3 0.73 0.14 0.15 -0.15 0.27 0.84 0.11
L4 1.74 ** 1.45* 1.22* 1.18 2.13 ** 1.92 ** 2.05 **
L5 -0.90 -0.44 0.01 -0.40 0.08 0.05 0.06
L6 0.06 0.14 0.71 0.07 0.33 0.06 0.27
L7 0.04 0.30 0.55 —0.61 -0.39 —0.45 0.35
L8 1.50 * 0.98 0.79 1.31 1.56 1.48 1.31
L9 -1.50 -1.32 -1.87 * -1.75* —2.28 ** —2.24 ** —2.14 **
L10 -0.04 -0.25 -0.16 0.92 1.53 0.19 0.70
L11 -1.76 * -1.81 ** —2.05* -1.66 * —2.08 ** —2.62 *** -1.68 *
L12 -0.45 -0.05 -0.15 0.05 0.35 0.04 0.09
*p <0.05,* p < 0.01, ** p < 0.001.
3.4. Effects of Ergonomic Principle and Driving Experience on EACH Dependent Measure
Tables 8 and 9 show the mean differences between layouts to which ergonomic prin-
ciples (consistency, compatibility, functional similarity, and stereotype) were applied and
layouts to which they were not applied for the novice and experienced driver groups,
respectively. The mean differences with statistically significant simple main effects for
layout are indicated by bold font and asterisks.
Table 8. Evaluation results for novice driver group: mean differences between layouts to which
ergonomic principles were applied and layouts to which they were not applied.
Principle Pair of Layouts Accuracy Convenience Rapidity  Learnability Intuitiveness Safety  Preference
Compared
L2-L1 0.64 0.73 0.91 0.27 1.36 1.00 1.64
Compatibility L4-L3 -0.09 -0.09 0.27 -0.27 0.45 0.18 0.55
L10-L9 -0.64 -0.73 -0.09 —0.64 -0.09 -0.27 —0.36
L12-L11 0.82 1.36 * 0.91 0.82 1.73 * 1.45* 1.27
L3-L1 0.82 0.64 0.55 0.27 0.73 0.82 0.36
Functional L4-L2 0.09 -0.18 -0.09 -0.27 -0.18 0.00 -0.73
similarity L3-L9 1.73* 145 1.82 ** 1.00 * 145* 2.27 *** 1.55 *
L4-L10 227 2.09 2.18 1.36 2.00 2.73 2.45
L6-L5 1.36 1.27 1.00 1.27 1.55 0.91 091
Stereotype L8-L7 1.36 1.18 0.55 1.82 ** 2.45 ** 1.73 ** 1.45
L9-L11 1.36 2.09 1.18 1.82 2.00 1.18 1.55
L10-L12 -0.09 0.00 0.18 0.36 0.18 -0.55 —0.09

*p <0.05,% p < 0.01, ** p <0.001.
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Table 9. Evaluation results for experienced driver group: mean differences between layouts to which
ergonomic principles were applied and layouts to which they were not applied.

Pair of Layouts

Principle Compared Accuracy Convenience Rapidity Learnability Intuitiveness Safety Preference
L2-L1 -1.30 * -1.60 * -1.20 —2.60 ** —2.30 ** -1.90 * -1.70 *
o L4-13 -1.10 -1.40 -0.80 -1.60 -1.40 0.90 ~1.40*
Compatibility
L10-L9 -2.10 -1.80 -1.80 * —3.30 *** —-3.90 *** —2.70 *** —3.20 ***
L12-L11 —-0.50 -0.40 -1.00 -0.90 -0.70 -1.20 -0.50
L3-L1 -0.10 0.20 0.10 0.00 -0.50 -0.30 -0.20
Functional L4-L2 0.10 0.40 0.50 1.00 0.40 0.70 0.10
similarity L3-L9 -0.50 0.00 -0.20 -0.60 -1.10 -0.80 -0.70
L4-L10 0.50 0.40 0.80 1.10 1.40 1.00 1.10
L6-L5 0.40 0.70 0.30 0.80 1.30 0.90 0.70
L8-L7 -0.10 0.50 0.30 -0.10 0.50 -0.20 0.50
Stereotype
L9-L11 1.10 1.60 1.00 1.90 2.20 0.80 2.00
L10-L12 -0.50 0.20 0.20 -0.50 -1.00 -0.70 -0.70

*p <0.05, % p < 0.01, ** p < 0.001.

For the novice driver group, the comparison pairs that show statistically significant
differences for each dependent measure are as follows:

e  For convenience, intuitiveness, and safety, L12, to which the compatibility principle
was applied, exhibits significantly higher mean scores compared to L11, to which this
principle was not applied.

e  For all the measures except convenience, L3, to which the functional similarity princi-
ple was applied, presents significantly higher mean scores compared to L9, to which
this principle was not applied.

e  For learnability, intuitiveness, and safety, L8, to which the stereotype principle was
applied, displays significantly higher mean scores compared to L7, to which this
principle was not applied.

For the experienced driver group, the comparison pairs that show statistically signifi-
cant differences for each dependent measure are as follows:

e  For all the measures except rapidity, L1, to which the compatibility principle was
not applied, exhibits significantly higher mean scores compared to L2, to which this
principle was applied.

e  For preference, L3, to which the compatibility principle was not applied, displays
a significantly higher mean score compared to L4, to which this principle was applied.

e  For rapidity, learnability, intuitiveness, safety, and preference, L9, to which the com-
patibility principle was not applied, presents significantly higher mean scores than
L10, to which this principle was applied.

4. Discussion

To achieve ergonomic electronic shift button layouts and global standardization of
these layouts, the following two research questions were addressed in this study:

1.  What constitutes an ergonomic electronic shift button layout? (Research question 1).
2. How does the ergonomic performance of electronic shift button layouts vary depend-
ing on driving experience? (Research question 2).
To answer these questions, 12 different button layouts were derived considering the
currently commercialized shift button layouts and ergonomic design principles. A total of
21 respondents with different levels of driving experience were recruited and required to
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evaluate each of the layouts using 7 ergonomic evaluation measures (accuracy, convenience,
rapidity, learnability, intuitiveness, safety, and preference).
Based on the evaluation results, four research activities were performed.

1. Excellent shift button layouts that received high marks from all respondents (regard-
less of driving experience) were identified (Research activity 1-1).

2. Principles that should be considered when designing shift button layouts were deter-
mined (Research activity 1-2).

3. Excellent shift button layouts that received high scores from each driving experience
group (driving for <2 years or >2 years) were identified (Research activity 2-1).

4.  Principles that should be considered when designing shift button layouts for each
driving experience group were determined (Research activity 2-2).

Regarding Research activity 1-1, for all seven measures, L1, L2, L3, L4, L6, and L9
showed scores higher than 4 (“Neutral”) and higher mean scores than L5, L7, L10, L11,
and L12, with statistical significance in some of the pairwise comparisons (Figure 1). The
six layouts that received high marks (L1, L2, L3, L4, L6, and L9) were those to which
the stereotype principle was commonly applied. In contrast, among the five layouts that
received low marks (L5, L7, L10, L11, and L12), L5, L7, L11, and L12 were those to which
the stereotype principle was not applied. Therefore, it can be said that it is important to
apply the stereotype principle when designing gear shift button layouts. Our findings
appear to be well supported by the existing literature, emphasizing that the equipment and
systems should be designed such that they can, as far as possible, be in accordance with
the stereotype trends for the relevant population to reduce the risk of error and improve
safety [13,23,28,29].

Meanwhile, among the five layouts that received low marks, L5, L7, and L11 were those
to which the consistency principle, that is, the shift button layouts currently adopted by many
car manufacturers, was applied. These are half of the six commercialized layouts considered
in this study, which demonstrates the risk of confusion and erroneous operation and the need
for ergonomic review. It should be noted that only the consistency principle was applied to
the three layouts. This finding suggests that other ergonomic principles should be considered
and applied together with the consistency principle when designing gearshift button layouts.
However, in the case of L10, even though the stereotype principle was applied along with the
compatibility principle (instead of the consistency principle), it received low marks, which
suggests that the consistency principle is an important design principle when designing
shift button layouts with longitudinal arrangements, such as L9 and L10. Indeed, 5 of the
21 respondents stated that it would be desirable to modify the button layout in the order of
P-R-N-D (i.e., to apply the consistency principle) to improve L10.

Regarding Research activity 1-2, the observations that L4 and L9 had higher mean scores
than L10; L3 had higher mean scores than L9; L6 had higher mean scores than L5; L8 had
higher mean scores than L7; and L9 had higher mean scores than L11 (Table 6), suggest that
consistency, functional similarity, and stereotype principles should be considered important
when designing shift button layouts. The fact that L9 had significantly higher mean scores
than L10 for all seven measures could be explained by the aforementioned reason that L10
received low marks (i.e., the consistency principle was deemed important when designing
shift button layouts with longitudinal arrangements was not applied). Thus, in addition to
L10 (in which the buttons were in the order D-N-R-P), which was significantly different
from L9 (in which the buttons were in the order P-R-N-D) to which the consistency principle
was applied, wherein slightly modified layouts need to be further considered. Indeed, for
L10, some respondents answered that it would be better if the P button was placed at the
top (i.e., if the buttons were in the order P-D-N-R).

The observations that L3 had higher mean scores than L9 and L4 had higher mean scores
than L10 agreed well with the results of Research activity 1-1, wherein L3 and L4 received
high marks, indicating that the functional similarity principle plays an important role in the
subjective evaluation of shift button layouts. These findings are well supported by those of
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previous studies that emphasized that controls and displays associated with similar functions
should be grouped and located together for ease of finding and operating [13].

In addition, the observations that L6 had higher mean scores than L5; L8 had higher
mean scores than L7; and L9 had higher mean scores than L11 suggest that the stereotype
principle should be considered important when designing shift button layouts, which is
also in line with the results of Research activity 1-1.

Therefore, to summarize the aforementioned results, among the six layouts (L1, L2, L3,
L4, L6, and L9) that received high marks in Research activity 1-1, L3, to which the consistency,
functional similarity, and stereotype principles that were found to be important in Research
activity 1-2 were applied altogether, can be recommended as the most ergonomic layout.

However, the results of Research activity 2-1 indicated that the shift button layout
evaluation differed considerably depending on driving experience. In Research activity
2-1, in the case of the novice driver group, L1, L2, L3, and L4 showed higher scores than
4 (“Neutral”) for all 7 measures and higher mean scores than L5, L7, L9, L10, L11, and
L12, with statistical significance in some of the pairwise comparisons (Figure 2). In the
experienced driver group, L1, L3, and L9 received higher scores than 4 (“Neutral”) for all
7 measures and higher mean scores than L2, L4, L5, L7, and L10, with statistical significance
in some of the pairwise comparisons (Figure 3). The five layouts that received high marks in
the novice or experienced driver groups (L1, L2, L3, L4, and L9) were among the layouts that
received high marks from all respondents in Research activity 1-1; thus, it can be confirmed
that the stereotype principle was applied to these five layouts. Interestingly, L6, which
received high marks in Research activity 1-1, did not show superiority compared to the other
layouts in both groups in Research activity 2-1. Given that L6 was a layout to which only the
stereotype principle was applied, these results suggest that, despite the importance of the
stereotype principle, it is preferable to apply it in combination with other principles rather
than alone. This result is consistent with the fact that L8, to which only the stereotype
principle was applied, was not superior to the other layouts in both groups. Future studies
may consider various layouts to which only the stereotype principle is applied to enhance
the understanding of the effects of that principle.

For both the novice and experienced driver groups, L1 and L3 received high scores in
Research activity 2-1. The consistency and stereotype principles were applied to both the
layouts, and the functional similarity principle was applied to L3. In contrast, for L2, L4,
and L9, conflicting results were obtained from the novice and experienced driver groups.
The compatibility principle (instead of the consistency principle) was applied to L2 and
L4, which received high marks only in the novice driver group, whereas the consistency
principle (instead of the compatibility principle) was applied to L9, which received high
marks only in the experienced driver group.

These conflicting results between the groups are also displayed in Table 7. Here, L2
and L4, to which the compatibility principle was applied, received higher scores in the
novice driver group than in the experienced driver group. In contrast, L9, to which the
consistency principle was applied, received higher marks in the experienced driver group
than in the novice driver group. L11, to which the consistency principle was applied,
also received higher marks in the experienced driver group than in the novice driver
group, although it was not among the five layouts that received high marks in the novice
or experienced driver groups (L1, L2, L3, L4, and L9). These findings suggest that the
compatibility principle may be more significant for novice drivers, whereas the consistency
principle may be more significant for experienced drivers. Indeed, 5 of the 10 respondents
in the experienced driver group stated that it would be desirable to swap the positions
of the D and R buttons (i.e., to change the order to P-R-N-D by applying the consistency
principle instead of the compatibility principle) to improve L2. In addition, in the case of
L4, 6 of the 10 respondents in the experienced driver group stated that it was necessary
to change the order of the shift buttons. In contrast, 2 of the 11 respondents in the novice
driver group stated that it would be desirable to swap the positions of the D and R buttons
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(i.e., to change the order to P-D-N-R by applying the compatibility principle instead of the
consistency principle) to improve L9.

The aforementioned results indicate that the ergonomic principle that was considered
important when designing shift button layouts can vary depending on the level of driving
experience. For the novice driver group, in Research activity 2-2, L12 showed higher mean
scores than L11; L3 showed higher mean scores than L9; and L8 showed higher mean scores
than L7 (Table 8). These findings suggest that the compatibility, functional similarity, and
stereotype principles should be considered when designing shift button layouts for novice
drivers. In particular, the importance of the compatibility principle for the novice driver
group confirmed in Research activity 2-2 is consistent with the result of Research activity 2-1,
wherein the compatibility principle was more significant than the consistency principle
for novice drivers. In general, it is known that the user learning speed and satisfaction
are improved, and the reaction time and error rate are reduced in a system to which
the compatibility principle is applied [18]. Given that novice drivers are inexperienced
drivers who generally have inadequate driving skills and difficulties perceiving traffic
conditions [30], it is important to apply the compatibility principle when designing shift
button layouts for them.

In the experienced driver group, L1 had higher mean scores than L2; L3 had higher
mean scores than L4; and L9 had higher mean scores than L10 (Table 9). Here, L1, L3, and
L9, which received high marks, were the layouts in which the consistency principle was
applied. These results are in accordance with the existing literature, which states that it
is easier for users to learn and process information in systems designed to be similar or
identical to existing systems [19]. According to a previous study [31], unlike a new driver,
an experienced driver may have even more difficulty adjusting to a vehicle because the
previously acquired habits may interfere with the new skills required, which becomes
particularly critical in emergency situations in which quick and accurate responses are
needed. Thus, it is apparently important to apply the consistency principle when designing
shift button layouts for experienced drivers.

The aforementioned results suggest that for novice drivers, among the four layouts (L1,
L2, L3, and L4) that received high marks in Research activity 2-1, L4—to which the compatibility,
functional similarity, and stereotype principles that were found to be important in Research
activity 2-2 were applied altogether—can be recommended as the most ergonomic layout.
For experienced drivers, L1, L3, and L9 can be recommended as the most ergonomic layouts.
These layouts not only received high marks in Research activity 2-1, but also incorporated the
consistency principle that was found to be important in Research activity 2-2.

In summary, as an answer to Research question 1 (What constitutes an ergonomic
electronic shift button layout?), it can be concluded that L3 is the best layout in terms of
ergonomics, regardless of driving experience. Given the finding that the layout evaluations
varied depending on the level of driving experience, it would be more desirable to consider
the level of driving experience when designing layouts. Regarding Research question 2
(How does the ergonomic performance of electronic shift button layouts vary depending
on driving experience?), L4 can be recommended as the most ergonomic layout for novice
drivers, and L1, L3, and L9 can be recommended for experienced drivers.

The current study has both practical and theoretical implications. First, it may help
not only prevent driver confusion and erroneous operation, but also improve driving
safety and convenience by providing ergonomic design guidelines for shift button layouts.
In addition, it is expected to contribute to the international standardization of electronic
shift button layouts. Second, the study results could be practically applied not only to
automotive transmission systems, but also to the ergonomic design of control devices
with electronic buttons for the operation of machines/tools currently used throughout
the industry. They could also be applied to design control devices for future industrial
robots and unmanned vehicles. Third, the study results showed that some shift button
layouts designed to be the same as or similar to the existing commercialized ones were
not found to be superior to others. In a similar vein, the study findings revealed that the



Appl. Sci. 2022,12, 9222

18 of 20

sequence of P-R-N-D, which has been dominantly adopted in the conventional lever-type
gear shifter, would not necessarily lead to the most excellent sequence in the button-type
gear shifter as well, thereby suggesting that some important design characteristics could
be changed depending on the type or operation method of the gear shifter. Therefore,
the current study indicated that in designing an electronic gear shifter or, more generally,
a control device, it would be desirable to comparatively evaluate different alternatives,
including novel unexplored designs rather than blindly applying the consistency principle
to make a correct design decision. Finally, this study revealed that the compatibility,
functional similarity, and stereotype principles were more significant for novice drivers,
whereas the consistency principle was more significant for experienced drivers when
designing button layouts. In other words, this study empirically demonstrated that the
effectiveness and importance/priority of a series of design principles related to control
layouts described in the existing ergonomic literature and textbooks can vary depending
on the user characteristics, such as the degree of skillfulness, which may help improve the
understanding of the design principles further.

A few limitations of this study are described below, along with other topics for future
research. First, the 12 design alternatives in this study were derived by changing only the
layout of the 4 gear shift buttons. Given that there are various design factors other than
the button layout, such as the size, color, materials, separation, slope, and visual/tactile
feedback of the shift buttons [32], future studies will involve ergonomic design guidelines
for each of these factors. Second, although the number of survey respondents in the
current study was adequate to allow statistical testing of the mean difference without much
concern for statistical power, future studies with a larger sample size would be needed for
more accurate study results. Besides such statistical testing of the mean difference, some
other mathematical approaches could be applied to the collected data to achieve different
meaningful study findings. One possible approach would be using a multiple regression
analysis with an ergonomic performance (evaluation score) of a shift button layout as the
dependent variable and its constituent design characteristics as the independent variables
(predictors). For example, a regression model fitted with predictors indicating whether
an ergonomic layout design principle was applied or not could be utilized to predict
an ergonomic performance of a novel unexplored shift button layout, and could be used to
reveal the relative importance of the four ergonomic layout design principles considered
in this study. Third, considering that there is no restriction on the mounting position of
the SBW system with electronic shift buttons [6], future studies may consider different
in-vehicle positions of the gear shifter (e.g., on the steering wheel, center fascia, or center
console) to elucidate the interaction effects between the mounting position and layout.
Fourth, while most of the survey respondents had prior experience using electronic shift
buttons, each respondent had used only a subset of the 6 layout designs to which the
consistency principle was applied (i.e., the existing commercialized designs) out of the total
of 12 designs considered in the current study—no one experienced the other 6 novel designs
generated in this study. It would be cognitively difficult for the survey respondents to
evaluate each shift button layout design without real-use experience and, therefore, solely
based on their mental simulation—they may need prior actual experience of using each
design alternative in the real or realistic contexts for adequate/accurate evaluation. Thus,
prior to data collection from the survey respondents, future research efforts would need
to involve a session of providing them with the relevant actual or simulated experience
for each design alternative by using a real car/product or realistic simulator/prototype.
Finally, future empirical studies are needed to verify the survey results by employing
various objective physiological /behavioral measures through a laboratory (simulator) or
field (on-road) experiment. In conducting such experimental studies, it would be desirable
to focus on a selective /reduced subset of the 12 designs, especially those that received high
marks in this study (e.g., L1, L2, L3, L4, L6, and L9).
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5. Conclusions

Regarding Research question 1 (What constitutes an ergonomic electronic shift
button layout?):

e L1,12,1L3, L4, L6, and L9 were identified as excellent shift button layouts that received
high marks from all respondents (regardless of driving experience);

e the ergonomic layout design principles of consistency, functional similarity, and stereo-
type were important in designing shift button layouts;

e among the six excellent layouts, L3, to which these three design principles were
applied together, can be recommended as the best (most ergonomic) layout design.

Related to Research question 2 (How does the ergonomic performance of electronic
shift button layouts vary depending on driving experience?):
(1) for novice drivers:

e L1,L2, L3, and L4 were identified as excellent shift button layouts;

e the principles of compatibility, functional similarity, and stereotype were important;

e L4 satisfied all of these three principles and can be recommended as the best design.
(2) for experienced drivers:

e L1, L3, and L9 were identified as excellent shift button layouts;

e only the consistency principle was important;

e  all three layouts (L1, L3, and L9) can be recommended as the best designs.
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