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Abstract. With the rapid advancement of intelligent driving and human machine
interaction technologies, an increasing number of in-vehicle applications are be-
ing integrated into real driving contexts. In this study, we investigate the interac-
tion design of an innovative in-vehicle application, the Driving Skills Training
(DST) system, and evaluate its usability in automated driver training scenarios.
To identify potential usability challenges in real use, a formative usability evalu-
ation of the DST system was conducted. Participants’ subjective perceptions of
system usability and user experience were measured using the system usability
scale and the AttrakDiff Mini questionnaire, while usability issues and opera-
tional difficulties were documented through the think-aloud protocol. The results
provide empirical evidence for optimizing interface design and refining system
functionality of DST systems, and offer design implications for future in-vehicle
training systems that support automated driver training.
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1 Introduction

With societal development and rising living standards, driving skills are gradually shift-
ing from an “optional consumer activity” to a fundamental life skill, and the demand
for driver training (also known as “driver education”) has shown a sustained upward
trend [1]. Although the market size of China’s driver training industry has fluctuated in
recent years due to factors such as demographic changes and slower economic growth,
the overall market demand remains high in a country with such a large population. Ac-
cording to statistics from the Ministry of Public Security of the People’s Republic of
China, approximately 12.58 million new driver’s licenses were issued in the first half
of 2025 [2], and the total number of new drivers in 2024 reached 22.26 million [3].
Meanwhile, the market size of China’s driver training industry in 2024 was approxi-
mately CNY 76.1 billion, and the industry is gradually moving toward professionaliza-
tion and intelligence [1].
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Currently, driver training in China primarily combines theoretical learning with
practical driving exercises. Theoretical training typically involves offline classroom in-
struction, online video learning, and mobile-based practice question banks, covering
traffic regulations, driving operation standards, and basic vehicle knowledge. In
China’s driver licensing examination system, theoretical tests include the Road Traffic
Safety Laws and Regulations Examination (Subject 1) and the Safety and Civilized
Driving Knowledge Examination (Subject 4). Practical training is delivered through
driving simulators or on-road vehicle training, helping learners acquire basic driving
skills and become familiar with vehicle handling. Corresponding practical exams in-
clude the Driving Skills Test (Subject 2) and Road Driving Test (Subject 3).

However, traditional driver training often relies on one instructor supervising multi-
ple learners, with significant variations in teaching methods and practical guidance
among instructors. When faced with large training demands, such experience-depend-
ent approaches may lead to inconsistent training quality, affecting both learning out-
comes and instructional efficiency. Enhancing the stability and effectiveness of driver
education while ensuring safety has therefore become a critical issue in China’s driver
training industry. Consequently, developing and designing driving skills training (DST)
systems with good usability and instructional support capabilities holds significant
practical importance and application value.

2 Literature Review

2.1  Driving SKkills Training (DST)

High-quality DST is widely recognized as a critical prerequisite for reducing traffic
accident rates and improving road traffic efficiency. In recent years, driving simulators
have been increasingly used in driver training programs. However, previous studies
indicate that simulator-based training provides limited benefits for real-world driving
performance and should not replace practical driving training [4]. Compared with sim-
ulator-based training, training conducted directly in real vehicle environments is more
conducive to developing operational cognition and behavioral patterns consistent with
actual driving situations. Nevertheless, most existing driver training systems are imple-
mented as standalone simulators rather than being integrated into real in-vehicle sys-
tems. Consequently, developing an in-vehicle DST application system tailored to real
driving contexts and equipped with instructional support capabilities holds important
research and practical significance.

2.2 In-Vehicle Human Machine Interfaces

In-vehicle human—-machine interfaces (HMlIs) refer to the comprehensive set of inter-
faces and mechanisms through which drivers or passengers acquire information, control
tasks, and interact with vehicle systems during use. Well-designed in-vehicle HMIs can
reduce the cognitive effort required to extract information, enabling drivers to obtain
necessary information within minimal glance time. Additionally, interface consistency,
predictability, and clear visual structure can enhance overall system usability and user
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satisfaction. Existing studies have demonstrated that factors such as text clarity, icon
size, layout of interface elements, and interface design type significantly influence the
usability performance of in-vehicle HMIs [5]. Moreover, because simulator-based
training differs substantially from real-world driving instruction, findings derived from
simulator studies provide limited direct guidance for in-vehicle training applications.
Therefore, the usability principles identified in in-vehicle HMI research were adopted
as the theoretical basis for the design of the DST in-vehicle interface in this study.

2.3  Usability Evaluation Methods

Usability engineering is a user-centered system evaluation approach aimed at system-
atically assessing a product or interface’s effectiveness, efficiency, and satisfaction
within specific usage contexts. Depending on the research objectives and stage of prod-
uct development, usability evaluation is typically categorized as either formative or
summative. Given that the DST system in this study is still undergoing functional re-
finement and interface optimization, a formative usability evaluation strategy was
adopted. The Think-Aloud method was employed to gain in-depth insights into the
practical issues and cognitive difficulties encountered by users during operation. In ad-
dition, standardized questionnaires were used to quantitatively collect participants’ sub-
jective assessments of system usability and user experience. The System Usability
Scale (SUS) was applied to evaluate overall system usability [6], while the AttrakDiff
questionnaire was used to assess user experience across multiple dimensions [7].

3 Methodology

3.1 Design of the In-Vehicle DST Application System

During the initial product development phase, this study focused on the Driving Skills
Test for the closed-field practical examination (Subject 2) as the primary training con-
tent. Targeting the core needs of learners during the foundational practical stage, an in-
vehicle DST application system was developed (see Figure 1). The system covers four
typical training tasks in the Subject 2 examination: reverse parking, parallel parking,
curved driving, and right-angle turns. In terms of functional design, each training task
incorporates two core features: automated driving demonstration and voice-guided
practice. In the automated driving demonstration mode, learners sit in the driver’s seat
and observe the vehicle autonomously completing the standardized examination proce-
dure in a real-field environment, allowing them to intuitively understand driving trajec-
tories, steering timing, and operational rhythm. The voice-guided practice mode inte-
grates verbal prompts with visual feedback from the in-vehicle interface to guide learn-
ers in performing the required actions at critical points, providing instructional support
akin to real-time coaching. Furthermore, the system records the vehicle’s trajectory and
performance during practice and visualizes them upon completion. For example, during
reverse parking exercises, the visualization highlights points where learners crossed the
lines or incurred penalties, allowing them to clearly review their performance.
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Fig. 1. Design samples: (a) Home interface; (b) Parallel parking instructional interface.

3.2 Evaluation Procedure and Methods

The usability evaluation of the DST system was conducted in a closed automotive test
facility. The facility was designed according to actual driving training and examination
standards, including various parking types, traffic signals, right-angle turns, and S-
shaped curves, to simulate realistic closed-field driving training scenarios. Novice driv-
ers were recruited as participants for the usability test. During the test, participants were
required to operate the DST system to complete designated training tasks while em-
ploying the concurrent Think-Aloud method, verbally expressing their operational de-
cisions, understanding process, and encountered difficulties. This approach enabled the
collection of potential usability issues in terms of interaction design. After completing
the test, participants rated the system using the SUS and the AttrakDiff questionnaire
to obtain overall subjective assessments of system usability and user experience.
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3.3 Participant Information

According to Nielsen’s principles for usability testing, inviting at least five users typi-
cally allows identification of approximately 85% of the major usability issues [8].
Based on this guideline, five participants (Average age = 23.2 years, SD = 2.59) were
recruited for the formative usability evaluation. Among them, two participants had no
prior driving experience and had not obtained a driver’s license, while the remaining
three participants had licenses but limited driving experience and had not driven regu-
larly since obtaining their licenses.

4 Analysis and Discussion

4.1  Usability Issues

A total of 133 usability issues identified by participants during interaction with the DST
system were collected through the Think-Aloud protocol. Referring to established clas-
sification frameworks for in-vehicle HMI usability issues, these problems were catego-
rized into four dimensions: Functionality, Interactivity, Sensory Experience, and Emo-
tional Response. Table 1 presents several representative examples of usability issues
identified in the DST system.

Table 1. List of usability issues identified in the DST system (partial).

D Functional Usability Tssue Violated Di- Violated Crite-

Module mension rion

The interface text reminding users to “quickl
Reverse & d Y

1 Parking turn the steering wheel fully to the right” is too

Sensory Expe- Comprehensi-

. Lo i bilit
lengthy, requiring extended reading time. rience ity

Reverse  No voice prompt is provided to indicate task

2 . . S Functionality Complet
Parking  completion after reverse parking is finished. unchonaiity t-ompietencss
No turn signal reminder is provided during
Parallel llel parking; th tem d t t L
3 aralle parallel parking; the system does not promp Functionality Completeness

Parking  users to activate the left turn signal when exit-
ing the space.

. Excessive voice instructions with overly short
4 Curved Driv-, Y Sensory Expe-

intervals (e.g., tire-edge warnings and steering rience Comfort
commands are announced simultaneously).
. Th t ts “quickly straighten th .
Right-Angle e. systetil piomp S quickly straighietl the .. Effective
5 steering wheel” before the turn has been com- Interactivity
Turn Feedback

pleted.

Based on the analysis of these usability issues, several directions for system im-
provement are proposed. First, dynamic visual aids should be incorporated into the in-
terface, with clearly defined target positions and trajectories for each operation, to sup-
port users’ intuitive understanding of task procedures. Second, the voice-guided prac-
tice function should be adapted to different user proficiency levels: novice users may
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receive more detailed operational guidance, whereas experienced users could be pro-
vided with fewer prompts or only essential instructions. Highly proficient users could
be allowed to engage in autonomous practice or simulated examinations. From an in-
terface design perspective, text readability should be enhanced and supplemented with
graphical explanations to improve information comprehension. It is also critical to pre-
cisely control the timing of voice prompts. Finally, appropriate error-correction and
fault-tolerance mechanisms should be implemented.

4.2  Subjective Evaluation Results

For system usability assessment, the average SUS score was 52.5 (SD = 18.37), corre-
sponding to a rating between OK and GOOD, which indicates marginal acceptability
(see Figure 2 (a)). Higher SUS scores indicate greater ease of use (range: 0-100). From
a usability perspective, participants’ evaluations suggest that the DST system exhibits
relatively low ease of use, with substantial room for improvement.

Results from the AttrakDiff (see Figure 2 (b)) show that the mean score for prag-
matic quality (PQ) was 0.65 (SD = 1.79), and the mean score for hedonic quality (HQ)
was 0.70 (SD = 1.63). The coordinate (0.65, 0.70) falls within the “neutral” region,
indicating moderate performance in both utility and enjoyment. The mean score for
overall attractiveness (ATT) was 0.80 (SD = 1.30), which also lies within the neutral
range. Overall, the DST system demonstrated relatively unremarkable performance
across user experience dimensions, suggesting the need for further enhancement of both
pragmatic and hedonic qualities to increase users’ willingness for continued use.
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Fig. 2. SUS and AttrakDiff scale scores of the DST system.

5 Conclusion

This study conducted a formative usability evaluation of a self-developed DST system,
an efficient and valuable approach during the early stages of system deployment. The
evaluation revealed multiple issues related to functional completeness, interaction feed-
back, sensory experience, and users’ emotional trust. Subjective assessment results fur-
ther indicated that the system’s overall usability and user experience remain at a
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moderate level. Based on these findings, future iterations will optimize the interface
design and interaction logic of the DST system and include continuous follow-up eval-
uations, thereby providing practical guidance for the design of future in-vehicle DST
systems.
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