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)e usage of a smartphone while driving has been declared a global portent and has been admitted as a leading cause of crashes
and accidents. Numerous solutions, such as Android Auto and CarPlay, are used to facilitate for the drivers by minimizing driver
distractions. However, these solutions restrict smartphone usage, which is impractical in real driving scenarios. )is research
paper presents a comprehensive analysis of the available solutions to identify issues in smartphone activities. We have used
empirical evaluation and dataset-based evaluation to investigate the issues in the existing smartphone user interfaces. )e results
show that using smartphones while driving can disrupt normal driving and may lead to change the steering wheel abruptly, focus
off the road, and increases cognitive load, which could collectively result in a devastating situation. To justify the arguments, we
have conducted an empirical study by collecting data using maxed mode survey, i.e., questionnaires and interviews from 98
drivers. )e results show that existing smartphone-based solutions are least suitable due to numerous issues (e.g., complex and
rich interfaces, redundant and time-consuming activities, requiring much visual and mental attention, and contextual con-
straints), making their effectiveness less viable for the drivers. Based on findings obtained fromOrdinal Logistic Regression (OLR)
models, it is recommended that the interactions between the drivers and smartphone could be minimized by developing context-
aware adaptive user interfaces to overcome the chances of accidents.

1. Introduction

According to the world health organization, road accidents
are the ninth leading cause of death and are expected to
become seventh by 2030. [1]. Each year, more than one
million deaths and 50 million damages are caused due to
road crashes [1, 2]. )e main reason for this depredation is
the driver repeated engagements in nondriving activities
[1, 3]. Driver engagements with nondriving or distracting
activities caused 25% of crashes reported to the police [4].
)ese distractions disturb the normal driving activity and
interrupt the drivers’ attention, leading to accidents [4, 5].
)ere are different types of distracting activities, including
interacting inside and outside objects, eating and drinking,
operating the radio or music system, communicating with

commuters in the vehicle, and particularly operating
smartphones [6].

)e use of a smartphone while driving made driving
activity more unsafe as performing concurrent activities
requires fine-grained cognitive, physical, and mental skills
[6, 7]. Various studies reveal that smartphone usage while
driving is a global issue and the main source of accidents [8].
Despite the known calamities, drivers are still using their
smartphones, which is evident from the fact that at a par-
ticular instant of time, about 0.66 million people are using
their phones while driving [8, 9]. However, most countries
have discouraged this activity and proposed high penalties
[10]. According to the National Safety Council, it has been
reported that 1.6 million accidents and 0.39 million deaths
were caused by smartphone usage [11]. Along with other
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smartphone activities, texting activity is very dangerous and
has attracted public andmedia attention [12, 13]. Similarly, it
has been investigated that novice drivers engaged with
smartphones can spend more than 400% time not focusing
on the road [14].

Reducing drivers’ distractions is the researcher’s prime
interest and has tried different solutions, including Android
Auto, CarPlay, and other infotainment systems, to combat
the issue. )e main objective of these solutions is to min-
imize the interaction between the vehicle and drivers for the
secondary tasks. )e available solutions are merely three
basics concepts, i.e., blocking the smartphone’s dangerous
activities, changing interaction mode, and providing sim-
plified interaction [8, 15]. Several solutions have been
proposed to reduce drivers’ interactions with smartphones
[16] and suggest blocking smartphone features while driving
[8, 15]. Blocking the smartphone features is found en-
couraging in some recent studies and has argued that it will
significantly reduce the risks of crashes as many features of
the phone will be stopped during driving. However, this
approach is strongly discouraged by the people who have
developed their habitual contact with their phones. Simi-
larly, it has low adequacy among the drivers as the blocking
approach is against the espousal of technology [17, 18].
Besides, no strong evidence has been found to investigate the
effectiveness of this approach [8].

Another group of researchers has proposed changes in
interaction with the smartphone using voice commands
instead of visual interaction. Performing smartphone ac-
tivities using voice commands will assist the drivers by
minimizing physical and visual interactions [19]. Various
solutions are using these voice-based interfaces for com-
munication, including Do Not Disturb while Driving,
CarPlay, Android Auto, and DriveSafe.ly [20]. )is ap-
proach has shown comparatively more benefits over the
visual interfaces [21, 22]. However, the researchers have
claimed that drivers are still facing numerous issues as it is
difficult to comprehend properly in noisy environments.
Similarly, these still require interior glance time and higher
cognitive overload. [8, 15, 23–25]. Technically, these solu-
tions may reduce visual-manual interaction but increase
cognitive overload [8, 26–28]. By considering the heap of
limitations in the previous two approaches, the researchers
have claimed that simplifying the smartphone functionalities
will minimize the driver’s distractions. [8, 15]. Following this
idea, numerous applications have been designed that pro-
vides simplified interfaces in term of voice commands and
shortcuts to the apps [2]. However, as discussed earlier,
operating the smartphone through voice interfaces can in-
crease cognitive overload, off-road visual engagements, and
navigational complexities [29–31]. Certainly, the approach
can be potentially advantageous and effective over the
others, but empirically, no evidence is found supporting the
applications in minimizing the risks of crashes [10]. )e
researcher’s interests in this area are broader and have a high
volume of success if proper attention is paid to come up with
suitable solutions by recognizing the fact that driver status
while driving is changed from his status while not driving.
)erefore, the available solutions need to be redesigned

more intelligently so that most of the smartphone activities
should be accomplished automatically. )is paper is aimed
to provide recommended interfaces to the drivers after
analyzing (i.e., empirically and through AutoLog [32]
dataset) the existing issues and challenges faced by the
drivers. We have defined three research questions in this
study:

(1) Are the Smartphone Native Interfaces complex,
time-consuming, require excessive visual, mental,
and physical attention and lead to a change in vehicle
dynamics (e.g., speed, acceleration, steering wheel) ?

(2) Are the Voice Interfaces (i.e., performing smart-
phone activities via text-to-speech and speech-to-
text) lead to increased cognitive overload and affect
vehicle dynamics?

(3) What type of recommended interfaces will be needed
for drivers to overcome these issues and challenges?

)e rest of the paper is organized as follows. Methods are
presented in Section 2. Results are presented in Section 3,
and their discussion is presented in Section 4. Finally, the
conclusion is discussed in Section 5.

2. Materials and Methods

2.1. Participants. A total of 98 drivers participated in this
study. Among these, 18.37% (n� 18) were female and
81.63% (n� 80) were male participants. )e selection of the
participants was based on the condition of having more than
a year of driving experience with a valid driving license.
Similarly, the participants were filtered with the condition of
having a smartphone in use for the last three years. Ages
ranged from 19 to 49 and above years. Participants have been
categorized accordingly in four different age groups: 19–28
years (n� 32), 29–48 years (n� 43), 39–48 years (n� 17), and
49 and above (n� 06).)e participants are normally habitual
of performing common smartphone activities while driving
using different metaphors, i.e., 79.6% (n� 78) are using
native smartphone interfaces, 15.33% (n� 15) are using
voice interfaces (. e.g., Google Assistant, etc.), and 5.11%
(n� 5) are using HUDs.)e participant’s frequency of travel
daily was 34.69% (n� 34), and on a random or sometimes
basis was 65.31% (n� 64). Normally, the traveling purpose
was modeled as workplace mostly, business mostly, and
shopping mostly. )e number of participants who partici-
pated according to traveling type is: employee mostly
(n� 51), business mostly (n� 22), and shopping mostly
(n� 25).

2.2. Procedure and Instrument. A two-level methodology is
proposed to investigate the drivers’ distractions due to
performing smartphone activities.

In the first level, our real-time Android app, namely
“AutoLog,” was installed on participants’ smartphones (see
Figure 1) [32]. As shown in Figure 1, the AutoLog is de-
veloped with the intention of a multimodal data acquisition
platform to capture data related to the vehicle, drivers’
smartphone activities, and environmental contextual data
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Figure 1: Screenshots of the autoLog application.
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for finding latent distractions and their effects on driving
performance. )e participants are instructed that the ap-
plication will be running in the background to log smart-
phone activities (i.e., keystrokes, missed touches, wrong
touches, easiness, etc., are also captured to calculate perfect
touch with less time), and their effect on vehicle dynamics
irrespective of their privacy violation. )e AutoLog uses
built-in smartphone sensors and a simple plug-in-play
module ELM327 to be inserted into the OBD2 port to obtain
the required data.We have used built-in smartphone sensors
(including accelerometer sensor, gyroscope sensor, location
sensors, etc. [33, 34]) and OBD2 not to overburden and
disturb the participant’s drivers. )e modalities captured
and recorded by AutoLog are driver smartphone activities,
location, weather information, and vehicle dynamics (engine
RPM, brake status, accelerator status, and speed).

In the second level, to further strengthen our argument, a
quantitative study was carried out to obtain data from
different participants for the detailed investigation. )e
participants have completed an online questionnaire about
their preferences and opinion regarding the usage of native
smartphone interfaces, usage of voice interfaces, recom-
mended interfaces, and their effect on vehicle dynamics. )e
average time for questionnaire completion was 20 minutes.
)e questionnaire contains different items, including driver
demographics (i.e., age, gender, the purpose of traveling
(mostly), travel frequency, etc.), usage of smartphone native
interfaces (i.e., visual-manual interaction for texting,
emailing, phone calls, and their effect on driving perfor-
mance), usage of smartphone activities via voice interfaces
(i.e., hands-free interaction including conversation and their
effect on driving performance), and usage of recommended
interfaces. Questions are organized in a way where partic-
ipants will be asked to select an answer from a Likert-Scales,
having Definitely to Definitely Not. We have informed the
participants about the question’s nature, purpose, the pro-
cedure of the data collection, and system evaluation.

To answer the first research question, participants were
asked to answer 17 questions. For example, “Performing
activities using native smartphone interfaces lead to change
in speed/brake/accelerator/steering wheel variations?,”
“accessing and taping a specific area on smartphone screen
and linking it with common tasks are time-consuming and
difficult,” and “is composing a text message and search for
contact is time-consuming?” To answer the second research
question, the participants were asked, “have you ever ex-
perienced an increase in cognitive overload when using a
smartphone through voice commands?” “do you feel that
performing smartphone activities via voice commands in-
curs extra burden for memorizing the commands?,” “Are
you satisfied and comfortable when doing basic smartphone
activities via voice instructions?.”

To answer the third question, participants were provided
a list of recommended interfaces and were asked to select the
options that they would prefer or feel comfortable. )e
functions were determined based on our future context-
aware adaptive interfaces for drivers to minimize driver
distraction. For example, the participants were asked, “do
you agree to update the smartphone’s existing User Interface

(UI) to be easy to use and driver-friendly?” “Will you agree
to convert the interaction to an automatic mode where the
interface will be changed to a simplified interface?” “Do you
agree if the most frequent applications are to be placed on
the main screen while driving,” and “will you be happy to
cancel unknown and lengthy messages while driving at
higher speed?”

2.3. Data Analysis. We have performed numerous tests in
this study and used STATA and Microsoft Excel to analyze
the data statistically. For this reason, we have used de-
scriptive tabulation to report frequencies and percentages of
the variables. We have also performed the Cronbach alpha
test to investigate the internal consistency and reliability of
the measurement items. It is concluded that the items used
in the study were found reliable and internally consistent.
Further, to check multicollinearity, we have used Kendall’s
tau-b rank correlation matrix and found it satisfactory.
Finally, for distraction-free recommended interfaces, four
OLR models have been estimated.

3. Results

3.1. Smartphone Use While Driving. )e responses of the
participants have been compiled and showed descriptive
statistics of frequencies and their percentages. Text mes-
saging, phone calling, and emailing activities performed on
Smartphone Native Interfaces (SNI) showed higher scales.
)is means that performing these activities while driving will
lead to a change in vehicle dynamics, including variations in
speed, lane deviation, and abrupt changes in braking.
However, many participants have answered that variations
are due to time-consuming, complex, rich interfaces. )ese
applications have very low suitability for drivers as these are
mainly designed with the perspective of ordinary smart-
phone users. Similarly, it has also been reported that op-
erating smartphones via Voice Interfaces (VI) may increase
cognitive overload. Furthermore, it has also been reported
that sometimes performing smartphone activities using VIs
is also not feasibly in a noisy environment.

3.2. Managing Text Messaging. One of the most tedious and
dangerous smartphone activities while driving is text mes-
saging, which many researchers have been acknowledged as
a major source of accidents. According to our analysis,
maximum participants have selected higher scales 3, 4, and
5, which means that text messaging leads to speed variations,
changes in lane variations, abrupt changes in braking, wrong
tapping the screen, and particularly focusing off the road (see
Figure 2). Similarly, some of the participants reported that
texting is a difficult and time-consuming task.

3.2.1. Managing Phone Calls. It has been reported that
managing phone calls while driving is complex and leads to
vehicle dynamic variations due to changes in vehicle dy-
namics due to the intricate nature of searching phone
numbers and dialing a number. Participants reported that
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the common reasons behind the complexity of making
phone calls are small buttons, small interfaces, and complex
navigational patterns. )e results are summarized and
depicted in Figure 3.

3.2.2. Managing Emails. Emails management while driving
is not a much frequently used activity as compared to texting
and calling. Performing emailing activity while driving is
somewhat less usable as compared to texting and phone
calling activities. Similarly, as per our analysis, the partici-
pants have stated that they usually ignore the emails while
driving due to difficulties in reading and replying to emails.
)e participants also stated that in different varying contexts
(i.e., variations in speed), complex interfaces, and smaller
font size, they are ignoring the emails. Similarly, some of the
participants have reported that they are ignoring emails
while driving due to changes in vehicle dynamics, speed, lane
variations, and abrupt changes in braking.

3.2.3. Voice Interfaces. Physical and visual engagement is
not only enough for safe driving; minds need to be on-road
as well. Mind engagement may increase while operating
smartphones through voice interfaces. According to our
statistics, performing smartphone activities while driving
can overload the human brain as higher scales; i.e., Fig-
ures 4 and 5 show that cognitive overload will increase. )e
participants also reported that voice interfaces might
disclose privacy to some extent. Similarly, some partici-
pants reported scales, i.e., 3 & 4, showing that they are not
using voice interfaces due to noise, language barrier, and
extra efforts. Some participants reported that they do not
feel comfortable performing smartphones using voice in-
terfaces (see Figure 5).

3.3. Multicollinearity and Data Reliability Checking. We
have used Cronbach Alpha to check the reliability of the
items. )e scales are internally consistent and reliable (see
Table 1). As shown in Table 2, we have also performed
Kendall’s correlation matrix to investigate the relationship
between the independent variables. )e values having an
asterisk (∗) in Table 2 show that the correlation is significant.
)e results reflected that the correlation coefficient value is
lower than 0.5, which means that there is no issue with
multicollinearity.

3.4. Distraction Analysis Using Dataset. )e dataset gen-
erated by the “AutoLog” application also contains valuable
information, which could significantly add to the findings
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SNI5TEXT_TIME CONSUMING
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Figure 2: Issues in performing texting activities while driving.
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Figure 3: Participants responses for issues caused due to phone
calls.
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of distractions and issues discussed earlier. Analyzing the
dataset will strengthen our recommendations and future
directions for minimizing the drivers’ distractions caused
due to using a smartphone. Using a smartphone while
driving could result in changes in vehicle dynamics,
steering wheel movements, unwise usage of gas and brake
pedals, and vehicle speed. )e findings extracted from the
dataset are discussed in the following sections.

3.4.1. Speed Variations. We have used the AutoLog ap-
plication to capture and store the speed variations when
performing common activities on smartphones while

driving. After analyzing the AutoLog dataset, we have
noticed speed variables in different situations like at-
tending the phone calls, reading the text messages, and
replying to text messages. Speed variations can be seen in
Figure 6 as it has been degraded from 80 km/h to 55 km/h
while attending the phone call and 80 km/h to 30 km/h
during texting activity while driving. )ese variations can
lead to catastrophes of different kinds, such as on a
highway, a vehicle following high speed may hit a vehicle
ahead due to a sudden decrease in the speed. In Figure 6, X-
axis shows the driving time, and Y-axis shows the speed of
the vehicle.
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Figure 4: Participants responses for issues caused due to emailing.
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Figure 5: Operating smartphone using voice interfaces.
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Table 1: Measuring Data Reliability using Cronbach Alpha.

Measurement Items
Correlation

Cronbach alpha
Item-test Item-rest Average inter-item

SN1Txt 0.7424 0.7050 0.4235 0.9520
SN2Txt 0.7380 0.7008 0.4237 0.9520
SN3Txt 0.7303 0.7036 0.4235 0.9520
SN4Txt 0.6308 0.5449 0.4314 0.9535
SN5Txt 0.6915 0.6181 0.4278 0.9528
SN6Txt 0.6110 0.5550 0.4309 0.9534
SN7Txt 0.8327 0.7848 0.4196 0.9513
SN8PCall 0.7621 0.7482 0.4214 0.9516
SN9PCall 0.7911 0.7468 0.4214 0.9516
SN10PCall 0.7867 0.7697 0.4203 0.9526
SN11PCall 0.6652 0.6338 0.4270 0.9527
SN1Mail 0.6885 0.6588 0.4258 0.9524
SN2Mail 0.6655 0.6341 0.4270 0.9527
SN3Mail 0.7923 0.7710 0.4203 0.9514
SN4Mail 0.6033 0.5675 0.4304 0.9533
SN5Mail 0.5943 0.5579 0.4309 0.9534
SN6Mail 0.6130 0.5779 0.4299 0.9532
Visual interface-1 0.7235 0.6965 0.4239 0.9521
Visual interface-2 0.6476 0.6149 0.4280 0.9528
Visual interface-3 0.7051 0.6766 0.4249 0.9523
Visual interface-4 0.5465 0.5074 0.4333 0.9538
Visual interface-5 0.5481 0.5091 0.4333 0.9538
Visual interface-6 0.3752 0.3280 0.4425 0.9554
Visual interface-7 0.6682 0.6368 0.4267 0.9526
Recommended Interface-1 0.6295 0.5956 0.4287 0.9530
Recommended Interface-2 0.7643 0.7406 0.4216 0.9516
Recommended Interface-3 0.7153 0.6875 0.4242 0.9521
Recommended Interface-4 0.6273 0.5931 0.4289 0.9530
Observations 98 Test scale 0.4268 0.9542

Table 2: Kendal Tau-b rank correlation matrix.

SNI1T SNI2T SNI3T SNI4T SNI5C SNI6C SNI1E SNI2E SNI3E VI1 VI2 VI3 VI4 VI5
SNI1T 1.0000
SNI2T 0.3501∗ 1.0000
SNI3T 0.4386∗ 0.5290∗ 1.0000
SNI4T 0.3956∗ 0.4349∗ 0.5118∗ 1.0000
SNI5C 0.5183 0.4127∗ 0.5341∗ 0.3505∗ 1.0000
SNI6C 0.2839∗ 0.5696∗ 0.4138∗ 0.2847∗ 0.5572∗ 1.0000
SNI1E 0.4878∗ 0.2081∗ 0.3005∗ 0.2633∗ 0.3624∗ 0.3008∗ 1.0000
SNI2E 0.4014∗ 0.3571∗ 0.1667 0.1968∗ 0.2611∗ 0.3348∗ 0.4766∗ 1.0000
SNI3E 0.3717∗ 0.5319∗ 0.4527∗ 0.3996∗ 0.3882∗ 0.4163∗ 0.3867∗ 0.5926∗ 1.0000
VI1 0.2278∗ 0.2679∗ 0.4597∗ 0.4357∗ 0.4577∗ 0.4080∗ 0.1532 0.0794 0.2507∗ 1.0000
VI2 0.2534∗ 0.5066∗ 0.2630∗ 0.2329∗ 0.3167∗ 0.5460∗ 0.3480∗ 0.3423∗ 0.3530∗ 0.3599∗ 1.0000
VI3 .2057∗ 0.5176∗ 0.3639∗ 0.2660∗ 0.4725∗ 0.6667∗ 0.2046∗ 0.2003∗ 0.4032∗ 0.4699∗ 0.5957∗ 1.0000
VI4 0.2482∗ 0.1605 0.1004 0.0324 0.1572 0.1746∗ 0.1513 0.1918∗ 0.1894∗ 0.1244 0.2156∗ 0.2075∗ 1.0000
VI5 0.3433∗ 0.5159∗ 0.3754∗ 0.2973∗ 0.3067∗ 0.4052∗ 0.2051∗ 0.3385∗ 0.4048∗ 0.3754∗ 0.4935∗ 0.4378∗ 0.073 1.0000
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Figure 6: Speed variations during call and SMS [1].
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3.4.2. Variations in Steering Wheel. Apart from speed data,
the dataset also captured steering wheel information from the
drivers. )e control on the steering wheel w.r.t. speed shows
the driving performance of a driver. Like speed, analyzing the
dataset showed clear variations on the steering wheel control
of the drivers, especially while attending phone calls, as shown
in Figure 7. )e variations in the steering wheel angle re-
garding speed are noticeable, and a significant variation is
from 106 degrees to 121 degrees as the speed is decreased.

)is shows a significantly large and consistent angle shift
with a sudden decrease in the speed due to attending a call
on a smartphone. )erefore, requiring drivers to be sharper
in steering when attending phone calls while driving
compared to other conditions. )ese abrupt changes in the
steering wheel could be catastrophic and could result in lane
deviation and an accident.

3.4.3. Distraction Analysis Using Dataset. To come up with
optimum solution, data is collected from participant’s drivers
for recommended solutions. As shown in Figure 8, the cat-
egorized tabulation for the four dependent variables has been
constructed for Recommended Interfaces. Participants se-
lected higher scales responses that show that the existing
interfaces’ changes would be viable and fruitful. Cross-tabu-
lation of the four dependent variables, i.e., Recommended
Interfaces (RI) have been performed whereas RI1 shows
Automatic and Contextual Mode of Interaction, RI2: Change
the existing Interface, RI3: Automatically avoiding lengthy
messages, and RI4: Priorities the Activities) as shown in Ta-
ble 3. )ese variables have been analyzed concerning driver’s
demographics, i.e., age, experience, and traveling mode.

)e young participants (65%) and educated participants
(i.e., 80%) have provided their positive back (i.e., mostly
agree) about changing the existing smartphone user inter-
faces to most driver-friendly interfaces. )e new driver-
friendly interfaces will automatically change the driving
mode and will prioritize the communication activities.
Similarly, drivers with driving inner city and outer city were
also having a positive attitude for new proposes driver-
friendly interfaces. In addition, the participants who are
driving for business purposes, work purposes, or shopping
purposes also wanted new driver-friendly interfaces.

3.5. Regression Analysis. Logistic regression models have
been estimated (see Tables 4–7) to investigate the effect and
cause of the four variables of “Recommended Interfaces.”
)e independent variables for all models are the same, in-
cluding drivers’ demographics, i.e., age, experience, traveling
and driving mode, and perception about the existing in-
terfaces. A correlation test has been conducted and found
satisfied to check the multicollinearity problem between the
independent variables.

4. Discussion

Minimizing smartphone distracted driving has been iden-
tified as a fundamental issue for the 2018–2020 National
Road Safety Action Plane [2]. )is study makes an effective

contribution to investigate the issues in smartphone tech-
nology and recommended a driver-friendly solution for the
development of countermeasures.

In this study, we have identified that 80% of the sample
uses smartphone native interfaces, 15% sample are using
supportive voice interfaces (e.g., Google Assistant), and only
5% are using Head-Up-Display (HUDs).)is means that the
drivers are habitual of using smartphone native interfaces.
)e current smartphone native interfaces require much
visual, manual, and mental attention. It has been concluded
that smartphone activities either on smartphone native
interfaces or other infotainment systems could create serious
driving distractions. It has been investigated that usage of
smartphones while driving could distract drivers both
physically and visually. For example, performing a textual
activity for 2 sec can increase accidents 24 times [3].

Our results revealed that smartphone activities while
driving lead to abrupt variations in speed, braking, lane
position, wrong touches, and spelling mistakes, and
diverting focus off the road. )ese issues are due to the small
interface size, containing small icons with small font sizes.
For example, the small size of a button most often leads to
the wrong button/widget and requires much visual and
mental attention. According to our results, using smart-
phone native interfaces for performing activities is difficult
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Figure 7: Steering wheel angle and speed variations during re-
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Table 3: Cross-tabulation.

Variable Label Variable
category

Definitely Not Possibly Probably Very Probably Definitely
RI1 RI2 RI3 RI4 RI1 RI2 RI3 RI4 RI1 RI2 RI3 RI4 RI1 RI2 RI3 RI4 RI1 RI2 RI3 RI4

Age

19–28 years 06 06 06 01 02 01 00 07 04 01 03 00 04 08 09 10 15 16 14 14
29–38 years 00 00 00 00 02 02 01 02 01 05 06 16 18 14 15 13 22 22 21 12
39–48 years 00 00 00 00 00 00 00 00 00 00 00 02 04 06 09 06 13 11 08 09
49 and above 00 00 00 00 00 00 00 01 00 02 00 01 05 02 04 04 01 02 02 00

Education
level

Literate 00 00 00 00 00 00 00 00 01 01 01 07 07 10 12 09 10 07 05 02
Educated 06 06 06 01 04 03 01 10 04 07 09 12 24 20 25 27 41 44 44 30

Drive mode
Inner city 01 00 00 01 00 01 00 03 01 01 02 06 09 09 12 07 13 14 11 08
Long drive 00 00 00 00 00 00 00 00 01 01 01 01 01 01 00 01 00 00 01 00

Both 05 06 06 00 04 02 01 07 03 06 06 12 21 20 25 28 38 37 33 24
Travel
frequency

Random 06 06 06 00 04 02 00 08 02 03 05 07 10 09 13 09 11 14 10 10
Daily 00 00 00 01 00 01 01 02 03 05 04 12 21 21 24 27 40 37 35 22

Travel purpose
Business 00 00 00 00 01 01 00 00 02 01 02 04 07 11 14 13 12 09 06 05
Employee 00 00 00 01 02 02 01 03 03 07 06 10 16 12 14 17 30 30 30 20
Shopping 06 06 06 00 01 00 00 07 00 00 01 05 08 07 09 06 09 12 09 07

Table 4: Ordinal Logistic Regression Model for the perception about changing the smartphone interactions to an automatic contextual
interface.

Automatic and contextual mode of interaction Coefficient Standard error Z-Value P> |z|

Exp −0.949624 0.3103208 −3.06 0.002
Sex 12.3117 5.185264 2.57 0.010
Age 3.11290 1.955462 1.08 0.280
Qualification 5.54612 4.530418 1.00 0.316
Driving-mode −3.83377 2.334614 −2.07 0.038
Traveling mode 19.5984 9.046204 2.39 0.017
Purpose of travel 4.57517 2.315121 1.54 0.123
Valid license −2.75837 1.960209 −0.90 0.370
SN1Txt 5.67337 3.337954 2.00 0.046
SN2Txt 4.59828 2.382641 2.77 0.006
SN3Txt −4.37022 2.185859 −1.54 0.123
SN4Txt 6.46458 3.378782 2.21 0.027
SN5Txt −12.24350 4.894838 −2.28 0.023
SN6Txt 5.386821 1.979122 2.27 0.023
SN7Txt 5.860908 3.351189 2.08 0.038
SN8PCall −13.53108 5.295263 −3.10 0.002
SN9PCall −6.506811 2.111559 −2.18 0.029
SN10PCall 14.71013 6.223496 2.70 0.007
SN11PCall −4.453164 1.480809 −2.27 0.023
SN1Mail −10.44832 4.444549 −2.60 0.009
SN2Mail 8.524289 3.6931 2.55 0.011
SN3Mail 4.654765 4.396298 0.85 0.393
SN4Mail −4.82445 4.444212 −0.89 0.376
SN5Mail 4.610155 2.380717 1.56 0.119
SN6Mail 13.546052 3.431265 3.34 0.001
Visual interface-1 1.15801 1.823014 1.12 0.261
Visual interface-2 4.33807 3.231024 1.00 0.316
Visual interface-3 7.233364 2.518425 3.23 0.001
Visual interface-4 −7.513761 3.553192 −2.42 0.015
Visual interface-5 2.850426 2.449121 0.80 0.423
Visual interface-6 −5.291706 2.012937 −2.63 0.009
Visual interface-7 −1.172993 1.066752 −1.10 0.272
/cut1 125.2839 39.44332
/cut2 152.8744 48.8225
/cut3 170.321 53.83508

No of observations� 59
Wald chi2(32)� 57.29

P≤ 0.001
Pseudo R2 � 0.6730

Log pseudolikelihood� −19.236206
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as it requires much time, effort, and concentration; even
passengers cannot manage properly in a moving vehicle. It
has been investigated that accessing a particular area on a
smartphone screen for touching or tapping is time-con-
suming and difficult for drivers. Unfortunately, drivers are
familiar with the smartphone native interfaces as they use
the same in their normal routine life. )ese results further
highlighted that the drivers are uncomfortable using sup-
portive voice interfaces for many reasons, including privacy
issues, language barriers, and noise.

We have estimated OLR models for the four different
variables representing recommended interfaces. Model 1
represents the question about updating the existing UIs to
more easy-to-use UIs. Model 2 is about knowing the driver
perception regarding switching to an automatic mode of
interaction. Model 3 is about prioritizing the applications
in a way to looks less distractive and more efficient.
Similarly, model 4 is about the perception of automatically

ignoring and canceling lengthy messages. According to
our results, the models are significant statistically as the
p-value is less than 0.05, values of all coefficients are equal
to zero, and the chi2 value is greater than 2.0. Hence,
therefore, the null hypothesis has been rejected. It has been
concluded that all the models are significant. RI2 values
represent the percentage (%) variations with values 0.721,
0.673, 0.573, and 0.925 as elucidated by the independent
variables for the four models in the dependent variables.
)e estimated probability value is less than 0.05, and the z-
statistics value is greater than 2, which seems that the
coefficients of independent variables are significant. )e
variables that hold negative coefficients will reduce the
probability (log odds) while positive coefficients increase
the log odds.

In conclusion, 82% of participants have selected the scale
“Definitely” and “Very Probably” that the existing mode of
interaction between driver and smartphone needs to be

Table 5: Ordinal Logistic Regression Model for the perception about changing the existing interfaces.

Change the existing interfaces Coefficient Standard error Z-Value P> |z|

Exp −18.4540 2.501872 −8.22 0.001
Sex 140.753 17.5606 8.42 0.001
Age −189.627 23.15696 −8.41 0.001
Qualification 350.8052 41.60189 8.24 0.001
Driving-mode 49.33828 6.043952 8.51 0.001
Traveling mode 439.1332 54.95374 8.08 0.001
Purpose of travel −149.5421 18.40198 −8.45 0.001
Valid license −529.6207 62.55927 −8.55 0.001
SN1Txt −29.5140 6.452717 −5.52 0.001
SN2Txt −59.1540 7.291356 −8.68 0.001
SN3Txt −321.28643965 37.88391 −8.38 0.001
SN4Txt 171.4605 20.69075 8.04 0.001
SN5Txt −481.4669 56.75089 −8.40 0.001
SN6Txt 409.5528 49.32636 8.33 0.001
SN7Txt 79.18007 10.35985 7.83 0.001
SN8PCall −281.5654 34.61485 −7.99 0.001
SN9PCall 211.8213 25.08761 8.33 0.001
SN10PCall 274.8012 33.12115 8.30 0.001
SN11PCall −295.5953 35.57816 −8.31 0.001
SN1Mail −802.6423 96.33161 −8.33 0.001
SN2Mail −72.61328 8.316154 −8.73 0.001
SN3Mail 761.8761 90.95409 8.38 0.001
SN4Mail −64.51524 12.22568 −5.28 0.001
SN5Mail 222.3784 26.50356 8.39 0.001
SN6Mail 173.682 21.2409 8.18 0.001
Visual interface-1 −620.495 74.42446 −8.34 0.001
Visual interface-2 607.7279 71.93654 8.45 0.001
Visual interface-3 239.8945 29.78239 8.05 0.001
Visual interface-4 −83.16526 10.5197 −7.91 0.001
Visual interface-5 248.1227 31.36583 7.91 0.001
Visual interface-6 −156.7105 19.25008 −8.14 0.001
Visual interface-7 180.2639 21.36577 8.44 0.001
/cut1 1527.27 188.7543
/cut2 1531.154 189.2725
/cut3 2242.325 274.1231

No of observations� 59
Wald chi2(32)� 235.44

P≤ 0.001
Pseudo R2 � 0.9149

Log pseudolikelihood� -4.8564726
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Table 6: Ordinal Logistic Regression Model for the perception about avoiding lengthy messages automatically.

Avoiding lengthy messages Coefficient Standard error Z-alue P> |z|

Exp 0.0450562 0.1648833 0.95 0.344
Sex −2.720471 1.855887 −0.99 0.324
Age −.858536 1.097658 −0.78 0.434
Qualification 2.16993 1.426154 1.52 0.128
Driving-mode 0.1544981 .9879131 0.16 0.876
Traveling mode 5.649868 2.11949 2.67 0.008
Purpose of travel 2.612008 .9911119 2.64 0.008
Valid license −9.216121 3.564899 −2.59 0.010
SN1Txt 1.230921 1.199268 1.03 0.305
SN2Txt −0.8629046 .7964669 −1.08 0.279
SN3Txt −0.1809369 .8859942 −0.20 0.838
SN4Txt −2.107618 1.672393 −1.26 0.208
SN5Txt 0.0972826 1.644342 0.06 0.953
SN6Txt 0.4282987 1.053603 0.41 0.684
SN7Txt 3.022207 1.158804 2.61 0.009
SN8PCall 0.0371694 1.116448 0.03 0.973
SN9PCall 1.053618 0.9636646 1.09 0.274
SN10PCall −2.579661 1.381452 −1.87 0.062
SN11PCall 2.130834 0.9951324 2.14 0.032
SN1Mail −0.3561978 1.167004 −0.31 0.760
SN2Mail −0.1387213 1.004044 −0.14 0.890
SN3Mail 0.6601901 1.316659 0.50 0.616
SN4Mail 0.478997 1.206689 0.40 0.691
SN5Mail 1.257184 .7716569 1.63 0.103
SN6Mail 2.536931 .9134279 2.78 0.005
Visual interface-1 3.161218 1.353173 2.34 0.019
Visual interface-2 −3.132817 1.248298 −2.51 0.012
Visual interface-3 0.5081588 1.088503 0.47 0.641
Visual interface-4 0.7872293 1.161302 0.68 0.498
Visual interface-5 0.6762423 1.361247 0.50 0.619
Visual interface-6 −0.5132211 0.4750714 −1.08 0.280
Visual interface-7 1.142862 0.9429931 1.21 0.226
/cut1 35.82099 10.84208
/cut2 40.25627 10.84055
/cut3 47.22419 11.72782

No of observations� 59
Wald chi2(32)� 102.30

P≤ 0.001
Pseudo R2 � 0.5730

Log pseudolikelihood� −26.674877

Table 7: Ordinal Logistic Regression Model for the perception about prioritizing the activities.

Prioritizing the activities Coefficient Standard Error Z-Value P> |z|

Exp −0.1707440 0.2771559 −1.02 0.309
Sex 4.718558 2.275798 2.55 0.011
Age 3.153012 3.05413 0.68 0.499
Qualification 2.512767 1.262127 1.29 0.198
Driving-mode 4.540853 1.918299 1.90 0.057
Traveling mode 5.018110 5.80873 1.06 0.291
Purpose of travel 0.04787 1.637832 2.54 0.011
Valid license −26.44864 6.38875 −4.31 0.001
SN1Txt −1.23716 3.183147 −0.74 0.461
SN2Txt 3.726827 1.077125 2.63 0.008
SN3Txt −0.1621387 1.191217 −0.21 0.832
SN4Txt 5.560123 3.639498 2.11 0.035
SN5Txt −2.977216 1.827565 −1.63 0.103
SN6Txt −1.143575 1.831291 −0.62 0.532
SN7Txt 4.834982 1.776108 2.72 0.006
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changed to more simplified and easy-to-use interfaces. In
terms of “Switching to automatic interactions,” 80% of
participants selected the scale “Definitely” and “Very
Probably.” Similarly, more than 75% of participants reported
prioritizing the activities to more relevant and less dis-
tractive interfaces. However, avoiding lengthy and unknown
messages automatically while driving was reported by about
60% of participants.

)ere are several methodological limitations noted in
this study. Firstly, although diverse recruitment strategies
were adopted, still limited participants’ drivers participated
in this study. Similarly, it observed that certain groups of
people might have been less likely to participate due to the
online nature of this study (e.g., lack of Internet accessibility,
lack of education, remote areas, etc.). Secondly, due to some
privacy issues about self-reported data, it is possible that
participants may have been influenced by biases and
recorded incorrect responses. )irdly, most participants
who participated in this study were teenagers; the reason
may be that the number of drivers that use a smartphone
while driving belongs to the younger population. Future
research should consider some more methods to investigate
the activities that may increase risky driving behaviors. In
the current study, all the participants’ drivers were healthy,
and future studies could examine the drivers, the low vision
drivers, or those affected due to ocular pathologies issues.
Furthermore, in the future, we intend to develop a solution
that will use different sensors to identify the context and
generate user interfaces in real-time for driver’s smartphone
users. It is expected that the context-aware adaptive solution
will improve driver safety by minimizing physical, mental,
and visual distractions.

5. Conclusion

Smartphone usage while driving has got considerable at-
tention globally as it requires full attention, enough physical
engagements, and high psychological skills to perform
concurrent activities. Using smartphones while driving is a
dangerous activity and was found to be a significant source
of crashes and accidents. In ordinary daily life, a person is
free to operate a smartphone despite concurrent activities.
However, a person while driving has certain issues due to his
physical limitations, visual limitations, and psychological
limitations. )e current smartphone technologies and their
rich and complex nature are designed for ordinary users who
might not be efficient for the drivers to be used while driving.
However, researchers have developed some solutions to cope
with the issues and facilitate drivers with easy-to-use in-
terfaces to minimizing distractions and issues. However,
there is no empirical evidence found regarding the mini-
mization of distractions and accidents crashes. )erefore,
the existing solutions are not viable for the drivers. )is
paper investigated the existing issues in the state of the art
smartphone and their interfaces and proposed the recom-
mended mode of interaction and interfaces for the drivers to
minimize distractions. Based on our analysis and investi-
gation, it has been concluded that a context-aware adaptive
solution could be an optimal solution to reduce the driver’s
limitations.

Data Availability

)e data that support the findings of this study are available
upon request from the corresponding author.

Table 7: Continued.

Prioritizing the activities Coefficient Standard Error Z-Value P> |z|

SN8PCall −2.064167 1.490176 −1.39 0.166
SN9PCall 1.947548 1.866658 1.04 0.297
SN10PCall 3.446161 2.5194 1.37 0.171
SN11PCall −.0341503 .8400654 −0.04 0.968
SN1Mail −2.567933 1.660064 −1.55 0.122
SN2Mail −0.7192782 1.000074 −0.72 0.472
SN3Mail 6.967619 2.517348 2.77 0.006
SN4Mail −6.613736 2.012419 −3.29 0.001
SN5Mail 3.321731 1.112994 2.98 0.003
SN6Mail 6.209074 1.705888 3.64 0.001
Visual interface-1 −0.2021435 1.745629 −0.12 0.908
Visual interface-2 0.4624554 1.873938 0.25 0.805
Visual interface-3 −3.252232 0.8262406 −3.94 0.001
Visual interface-4 3.591892 1.214865 2.96 0.003
Visual interface-5 −4.300956 1.502282 −2.86 0.004
Visual interface-6 0.3914871 0.5097102 0.77 0.442
Visual interface-7 3.478623 1.882344 1.85 0.065
/cut1 71.77695
/cut2 87.23475
/cut3 100.2217

No of observations� 59
Wald chi2 (32)� 62.16

P≤ 0.001
Pseudo R2 � 0.7205

Log pseudolikelihood� −20.036181
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