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Abstract

Background	 The growing adoption of electric vehicles (EVs) has brought attention to the importance of 
effective onboarding tutorials for charging systems, particularly for Inexperienced users. Poorly designed 
tutorials may lead to increased cognitive load, operational errors, and user frustration. This research 
investigates how different tutorial formats—Illustrated (paper-based), Scrolling (digital-linear), and 
Interactive (digital-modular)—influence user comprehension, engagement, and task performance in EV 
charging contexts.
Methods	 Thirty Japanese university students with no prior EV-charging experience were 
randomly assigned to one of the three tutorial formats. After an onboarding session, participants 
completed a simulated charging task. Behavioral metrics (onboarding time, task completion time, error 
clicks, comprehension test scores) and self-reported measures (cognitive load, engagement, pre/post 
understanding and safety awareness) were collected; brief interviews provided contextual qualitative 
feedback.
Results	 The Interactive tutorial produced the shortest onboarding time and the highest 
engagement, but comprehension was more variable, and navigation confusion was reported. The 
Illustrated tutorial imposed higher mental/physical demand yet yielded the highest comprehension 
accuracy and the fewest operational errors. The Scrolling tutorial was perceived as simple but showed 
higher error rates and moderate engagement. Across conditions, self-assessed understanding and 
safety awareness improved from pre-to post-onboarding. Significant differences in mental demand and 
frustration reflected trade-offs between user control, clarity, and cognitive burden. Overall, findings do 
not support an assumption of Interactive being universally superior; each format showed differentiated 
strengths.
Conclusions	 No single tutorial outperforms others across all dimensions. Tutorial selection should 
be contingent on context and goals: Illustrated is preferable for safety-critical accuracy and confidence, 
Interactive for motivation and sustained attention, and Scrolling for quick familiarization. A hybrid 
strategy-retaining a structured narrative while adding minimal, well-placed interactive scaffolds-appears 
promising for balancing accuracy, confidence, and engagement in EV charging onboarding.
Keywords	 EV Charging Service, Onboarding, Tutorial Design, User Experience, Human-Computer 
Interaction
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1. Introduction

The increasing adoption of electric vehicles (EVs) worldwide has brought about a parallel 
rise in the demand for efficient and user-friendly EV charging infrastructure. As charging 
stations become integral to the transition toward sustainable transportation, the interaction 
between Inexperienced users and these systems has emerged as a critical determinant of user 
satisfaction and technology adoption. Despite significant advancements in EV infrastructure, 
the onboarding experience—particularly the design and effectiveness of instructional 
materials for Inexperienced users—remains underexplored. Poorly designed tutorials often 
result in operational errors, heightened cognitive load, and user frustration, underscoring the 
need for research into optimal tutorial formats and navigation structures.

		  1. 1. Background and Theoretical Framework

Effective onboarding plays a pivotal role in enhancing user comprehension and reducing 
cognitive barriers, especially when interacting with complex technical systems like EV 
charging stations. According to Cognitive Load Theory (CLT) (Chandler & Sweller, 1991; 
Sweller, 2010), the efficiency of learning and task execution is directly influenced by the 
balance between intrinsic, extraneous, and germane cognitive loads. For Inexperienced EV 
users, the unfamiliarity with charging procedures can amplify intrinsic cognitive load, while 
poorly designed instructional materials may exacerbate extraneous load, impeding overall 
learning outcomes. Integrating visual aids and intuitive navigation into tutorials, as noted in 
Mayer’s (2009) multimedia learning theory, can mitigate these effects by utilizing both visual 
and verbal processing channels to enhance comprehension and memory retention.
The onboarding process further benefits from the application of user-centered design 
principles, which prioritize clarity, usability, and adaptability (Wogalter et al., 2002). In 
the context of EV charging, onboarding tutorials must address diverse user needs, from 
understanding basic safety precautions to mastering operational procedures. As recent 
studies (e.g., Dhanoa et al., 2022) have demonstrated, visualization storytelling models such 
as the Martini Glass framework can facilitate modular and user-driven content exploration, 
reduce frustration and increase engagement.

		  1. 2. Challenges in EV Charging Onboarding

While user manuals and tutorials are standard tools for technical onboarding, the rapidly 
evolving nature of EV infrastructure presents unique challenges. Inexperienced EV users 
often face fragmented interfaces and inconsistent operational workf lows, as noted in 
studies of EV ecosystems in Norway (Figenbaum et al., 2022) and Japan (Abe, 2015). These 
challenges are compounded by variations in tutorial media formats—ranging from static 
Illustrated guides to interactive digital interfaces—which influence users’ learning paths 
and operational accuracy. Research by Fabianek and Madlener (2023) and Clayton (2022) 
indicated the need for tutorials that balance reliability with adaptability, particularly for 
inexperienced users operating under time constraints.
Moreover, while traditional onboarding methods prioritize linear information delivery, 
dynamic and interactive formats are gaining traction. However, the potential benefits of 
increased navigation freedom, such as in user-driven tutorials, remain underexplored in the 
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context of EV charging. Studies by Stoiber et al. (2021) and Dhanoa et al. (2023) suggest that 
while interactive designs can enhance engagement, they may also introduce decision fatigue, 
necessitating a careful balance between user autonomy and instructional guidance.

		  1. 3. Research Objectives and Contribution

This research seeks to address the gaps in EV charging onboarding research by systematically 
evaluating the effects of three tutorial formats—Illustrated, Scrolling, and Interactive—on 
user learning, engagement, and task performance. Specifically, the research aims to:
1.	� Assess how tutorial media and navigation structures influence Inexperienced users’ 

comprehension, onboarding time, and task accuracy.
2.	� Explore whether interactive tutorials, incorporating user-driven navigation, outperform 

traditional formats in fostering engagement and reducing cognitive load.
3.	� Provide actionable design recommendations for EV service providers to optimize 

onboarding tutorials for diverse user demographics.
By combining insights from cognitive load theory, multimedia learning, and user-centered 
design, this research advances the theoretical understanding of onboarding processes while 
offering practical solutions for improving user experiences in EV charging contexts. The 
findings contribute to the broader fields of human-computer interaction and sustainable 
mobility by addressing critical usability challenges in technical systems.

2. Literature Review

		  2. 1. Theoretical Foundations of Onboarding

Onboarding, as a process of guiding users to understand and effectively interact with a 
system, involves multiple dimensions, including cognitive load management, learning 
strategies, and engagement design. Cognitive Load Theory (CLT) (Chandler & Sweller, 
1991; Sweller, 2010) categorizes cognitive load into intrinsic, extraneous, and germane 
components. For onboarding tutorials, the primary challenge is to reduce extraneous load—
often caused by poorly structured information—while optimizing germane load to facilitate 
schema formation and learning.
Multimodal Learning Theory (Mayer, 2009) extends CLT by emphasizing dual-channel 
processing, where integrating textual and visual elements can significantly enhance 
comprehension and retention. However, as noted by Angeli and Valanides (2004), excessive 
multimodal content can inadvertently overwhelm users, necessitating careful instructional 
design. These principles align with findings by Dhanoa et al. (2022), who proposed the 
Dashboard Onboarding Loop, a model that integrates iterative user feedback to create 
adaptive and personalized onboarding experiences. This loop emphasizes structured 
introductions followed by exploratory learning, effectively balancing guidance with 
autonomy.

		  2. 2. Media Formats in Onboarding Tutorials

The choice of media format significantly inf luences onboarding outcomes. Illustrated 
tutorials, while static and linear, offer simplicity and reliability, making them particularly 
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effective for tasks requiring precision (van der Meij & van der Meij, 2014). However, such 
formats lack the flexibility to accommodate diverse user needs. Digital tutorials, including 
scrollable and interactive designs, provide dynamic navigation but may introduce cognitive 
challenges, as noted in studies of augmented reality (Kolla et al., 2021).
Interactive approaches, such as the D-Tour system (Dhanoa et al., 2023), have shown promise 
in enhancing engagement by enabling user-driven exploration. D-Tour’s semi-automatic 
generation of guided tours combines modularity with personalization, allowing users to 
adapt the onboarding process to their specific interests and knowledge gaps. This aligns with 
findings by Stoiber et al. (2021), who demonstrated that interactive designs could enhance 
learning efficiency, provided that the complexity of navigation is carefully managed.

		  2. 3. Challenges in EV Charging Onboarding

The onboarding experience in EV charging systems presents unique challenges due to 
fragmented interfaces, inconsistent workflows, and varied user demographics. Studies in 
Norway (Figenbaum et al., 2022) and Japan (Abe, 2015) indicated operational inefficiencies 
and user frustration stemming from disjointed instructional materials and incompatible 
payment systems. Fabianek and Madlener (2023) identified similar challenges in Germany, 
emphasizing the need for tutorials that are both intuitive and adaptable.
In addition to operational clarity, onboarding tutorials must prioritize safety awareness. 
Clayton (2022) noted that informal user-driven solutions, such as community-based 
guidance, often fill gaps left by insufficiently designed instructional materials. These findings 
underline the importance of integrating user-centered design principles into EV charging 
tutorials to improve usability and reduce reliance on external support.

		  2. 4. Interactive Tutorials and Navigation Freedom

Dynamic and modular tutorials represent a shift from traditional linear onboarding 
methods to more flexible, user-driven approaches. Wu et al. (2024) observed that interactive 
onboarding designs significantly improve user engagement and confidence but also 
highlighted the risks of decision fatigue when navigation freedom is excessive. These findings 
are consistent with Stoiber et al. (2021), who emphasized the need for clear navigation cues 
to prevent cognitive overload. In EV charging contexts, balancing structured guidance with 
exploratory flexibility is critical to ensuring both efficiency and user satisfaction.

		  2. 5. Research Gaps and Summary

While substantial research has explored onboarding strategies in various domains, several 
gaps remain:
1.	� Limited studies have systematically compared static, scrollable, and interactive tutorials 

in technical onboarding contexts.
2.	� Most onboarding research focuses on task efficiency or usability, with less attention to 

safety awareness and cognitive load management.
3.	� The trade-offs between navigation freedom and cognitive demand in dynamic tutorials 

are insufficiently understood, particularly for Inexperienced users in high-stakes 
environments.

This research addresses these gaps by investigating the effects of tutorial format and 
navigation freedom on user learning, engagement, and safety awareness in EV charging 
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systems. By integrating theoretical insights from CLT, multimodal learning, and storytelling 
frameworks, the research provides a comprehensive foundation for optimizing onboarding 
experiences.

3. Research Method

This research investigates the impact of different onboarding tutorial formats on 
Inexperienced users’ understanding, engagement, and safety awareness in the context of EV 
charging stations. By examining illustrated, scrolling, and interactive tutorials, the research 
seeks to identify effective design strategies for improving user experience and operational 
performance. This research primarily adopts a quantitative experimental framework, 
thematic insights from participant interviews were analyzed qualitatively to supplement the 
findings.

		  3. 1. Research Objectives and Research Questions

The primary goal of this research is to evaluate how varying levels of visual and interactive 
elements in onboarding tutorials influence users’ ability to comprehend and operate EV 
charging systems. More specifically, the research aims to:
1.	� Compare the learning outcomes, task performance, and changes in safety awareness 

across the three tutorial formats.
2.	� Assess the role of visual aids and interactive navigation in enhancing user engagement 

and reducing cognitive load.
3.	� Identify the tutorial format that most effectively supports user confidence, operational 

accuracy, and the development of a clear mental model of EV charging procedures.
By addressing these objectives, this research contributes to the design of user-centered 
instructional materials, offering insights into how different tutorial features can support the 
adoption of public EV charging systems.
The research questions are designed to explore the relationship between tutorial design and 
user performance, satisfaction, and engagement. These include:
1.	� How do illustrated, scrolling, and interactive tutorials impact Inexperienced users’ 

understanding of EV charging procedures and their safety awareness?
2.	� To what extent does interactive navigation enhance user engagement and reduce cognitive 

load compared to static instructional formats?
3.	� Which tutorial format provides the most effective balance between usability, operational 

accuracy, and user confidence?
4.	� How do onboarding tutorials influence users’ mental models, as reflected by self-assessed 

understanding and safety awareness before and after the onboarding phase?
These questions serve as the foundation for a structured evaluation of tutorial effectiveness, 
bridging the gap between design features and user experience outcomes.

		  3. 2. Experimental Design

The experimental design of this research was aimed at evaluating the effects of tutorial 
format and navigation freedom on Inexperienced users’ learning outcomes, cognitive load, 
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and engagement when interacting with EV charging systems. By carefully controlling tutorial 
content while varying the media format and navigation structure, the research sought to 
isolate the impact of these variables on user experience and task performance.
The tutorials were developed based on a high-usage EV charging station design widely used 
in Japan, chosen for its representativeness and familiarity in the target user context. Each 
tutorial included identical instructional content, such as safety precautions, operational 
steps, and process explanations. This consistency in content ensured that the media format 
and navigation structure were the only independent variables in the experiment. Three 
tutorial variants were designed to represent distinct approaches to onboarding: Illustrated, 
Scrolling, and Interactive.

      3. 2. 1. Illustrated Tutorial

The Illustrated Tutorial consisted of three A4-sized single-sided pages, with content arranged 
in a left-to-right reading order (Figure 1). It combined textual instructions with visual 
aids, including diagrams and icons, to enhance comprehension and reduce cognitive load. 
Designed as a static medium, the Illustrated tutorial required users to rely solely on their 
own pace and reading sequence without any digital navigation support.
This tutorial reflected traditional paper-based onboarding approaches and was particularly 
suited for outdoor EV charging contexts, where digital interfaces might not always be 
available. The structured layout followed cognitive load theory by integrating text and 
visuals, reducing the cognitive effort required to understand complex operational processes. 
However, its lack of interactivity limited its adaptability to individual user needs or 
preferences, making it a benchmark for comparing against more interactive variants.

Figure 1 Illustrated Tutorial

      3. 2. 2. Scrolling Tutorial

The Scrolling Tutorial, adapted for smartphones, translated the content of the Illustrated 
tutorial into a vertically scrolling format (Figure 2). Users could swipe through the content 
in a fixed sequence, ensuring a clear and linear flow of information. The smartphone-based 
design was selected for its portability and high penetration rate among EV users, making it a 
practical choice for real-world application scenarios.
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Figure 2 Scrolling Tutorial

While the scrolling format aligned with existing mobile-based instructional designs 
provided by many EV service providers, it deliberately excluded video or animation to ensure 
experimental control over variables. This decision addressed challenges identified in prior 
research, such as the impracticality of requiring users to watch animations during urgent 
or time-constrained tasks. The fixed navigation path reinforced sequential learning but 
limited users’ ability to explore content f lexibly, which could affect engagement and task 
performance.

      3. 2. 3. Interactive Tutorial

The Interactive Tutorial introduced a higher degree of interactivity and user control, 
implemented through a smartphone-based interface structured according to the Martini 
Glass Storytelling Metaphor (Figure 3). The Martini Glass Storytelling Metaphor (Dhanoa et 
al., 2022) (Figure 4) combining linear guidance during initial stages with free exploration in 
subsequent phases. This model addresses the dual needs of structure and autonomy, making 
it particularly relevant for systems requiring both operational accuracy and user engagement. 
In this format, users first navigated through a linear introduction to the core concepts (“stem” 
phase) before being allowed to explore additional details in a non-linear manner (“body” 
phase). The tutorial provided a main menu with options for selecting specific topics, enabling 
users to jump directly to areas of interest or revisit previously viewed sections. Navigation 
controls, such as “Next Step” and “Return to Main Menu,” further enhanced flexibility.
This design aimed to simulate a real-world scenario where users might prioritize different 
aspects of the charging process based on their immediate needs or prior knowledge. By 
incorporating interactive navigation, the Interactive tutorial tested whether providing greater 
user autonomy would enhance learning outcomes or introduce cognitive challenges, such as 
decision fatigue or information overload. The design also aligned with modern user-centered 
interaction principles, offering personalized onboarding experiences.
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Figure 3 Interactive Tutorial

Figure 4 Martini Glass Storytelling Metaphor

      3. 2. 4. Connection to Experimental Objectives

The three tutorial variants were designed to address key research questions about the 
relationship between tutorial format, navigation freedom, and user performance. By 
comparing the static and fixed-sequence formats of the Illustrated and Scrolling tutorials 
with the dynamic, user-driven design of the Interactive tutorial, the experiment aimed to:
1.	� Evaluate how different tutorial formats affect Inexperienced users’ task completion time, 

error rates, and onboarding time.
2.	� Examine the influence of navigation freedom on cognitive load and engagement.
3.	� Explore whether increased interactivity improves user comprehension or inadvertently 

increases cognitive demands.

		  3. 3. Participants 

The participants in this research comprised 30 individuals, all participants were Japanese 
students recruited from a university located in Tokyo, Japan. 
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The participant pool included 17 males and 13 females, with ages ranging from 20 to 25 years 
(mean = 22.4 years, SD = 1.4). All participants held valid driver’s licenses but reported having 
no prior experience using EV charging services. This ensured that the research focused 
on individuals unfamiliar with the operational procedures, allowing for a more accurate 
evaluation of the onboarding tutorials’ effectiveness in improving user comprehension and 
safety awareness.
The inclusion criteria—having a driver’s license and no prior experience with EV charging—
were established to create a realistic testing scenario that reflects the challenges faced by 
Inexperienced users. This participant group represents young adults with high adaptability 
to technology, making them an ideal demographic for assessing onboarding tutorial design.

		  3. 4. Experimental Procedure

The experimental procedure followed four phases to ensure a structured and consistent 
evaluation process:
2.	� Pre-Tutorial Survey: Participants completed a questionnaire capturing their familiarity 

with EV charging systems, preferred instructional media, and baseline safety awareness. 
This step provided contextual data to interpret individual differences in performance and 
perception.

3.	� Onboarding Phase: Participants were randomly assigned to one of the three tutorial 
formats and instructed to engage with the tutorial until they felt prepared for the task 
simulation. Onboarding Time was recorded for each participant.

4.	� Task Simulation: Using a mock EV charging interface, participants performed a series 
of operational tasks. Task Completion Time and Error Clicks were recorded during this 
phase to assess operational efficiency and usability.

5.	� Post-Tutorial Assessment: After completing the simulation, participants rated their 
tutorial experience on cognitive load and engagement metrics. They also completed a 
comprehension test and participated in a brief interview to provide qualitative feedback.

The experiment was conducted in a quiet, well-lit room with only the participant and the 
experimenter present, ensuring a focused environment (Figure 5). Participants were asked to 
imagine themselves as an inexperience users and proceed at their own pace while interacting 
with the tutorials.
The materials included paper-based tutorials and electronic tutorials deployed on iPhones, 
which all participants were familiar with. A 13-inch MacBook Pro was used to administer 
questionnaires and simulate EV charging tasks. Data collection was automated via an online 
usability testing platform, which recorded onboarding time, task completion time, and error 
clicks using built-in timers and screen recording.
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Figure 5 Experimental Environment

		  3. 5. Data Analysis

      3. 5. 1. Metrics and Data Collection

To evaluate the effectiveness of the three tutorial formats, the study collected behavioral, 
self-reported, and verbal feedback data. The metrics covered task performance, cognitive 
responses, learning outcomes, and user perceptions.
Behavioral Metrics included:
1.	� Onboarding Time: Time measured from the start of the tutorial until participants 

initiated the operational task.
2.	� Task Completion Time: Time taken to complete a simulated EV charging task based on a 

prototype modeled on a widely used Japanese EV charging interface.
3.	� Error Clicks: Number of incorrect actions recorded during the task, including mis-

selections of charging parameters or navigational mistakes deviating from the optimal 
task flow.

Self-reported Metrics were collected using Likert-scale questionnaires:
4.	� Cognitive Load: Measured across four dimensions—Perceived Simplicity, Mental 

Demand, Effort, and Frustration.
5.	� User Engagement: Evaluated through four additional factors—Engagement, Enjoyment, 

Interest, and Confidence.
6.	� Self-Assessment Scores: Participants reported their own understanding and safety 

awareness levels before and after onboarding.
Verbal Feedback: 
In addition, participants completed a comprehension test immediately after onboarding, 
consisting of five multiple-choice questions on EV charging steps and safety protocols. 
Qualitative feedback was also obtained through short post-task interviews. Participants 
were asked about tutorial clarity, difficulties encountered, and suggestions for improvement. 
These responses were used to contextualize the quantitative findings.
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      3. 5. 2. Analytical Method

Given the small sample size and violation of normality in several data distributions, non-
parametric statistical methods were employed to analyze group differences.
•   �Wilcoxon signed-rank tests were used to compare participants’ self-assessed understanding 

and safety awareness before and after onboarding.
•   �Kruskal-Wallis H tests were conducted to evaluate differences among the three tutorial 

groups on onboarding time, task completion time, error clicks, comprehension test scores, 
and subjective ratings.

•   �Steel-Dwass post hoc tests were used for non-parametric pairwise comparisons when 
Kruskal-Wallis tests showed significant effects.

•   �Effect sizes and confidence intervals were calculated where applicable to support the 
interpretation of practical significance.

The analysis was conducted using JMP Pro 14. Qualitative data from interviews were 
thematically coded and analyzed using open and axial coding techniques. Recurring themes 
related to perceived usability, information f low clarity, and emotional responses were 
identified to complement the statistical results.

		  3. 6. Ethical Considerations

All procedures of this research are complied with ethical standards for research involving 
human participants. All participants were informed of the research objectives and their 
right to withdraw at any time without penalty. Written informed consent was obtained prior 
to participation. All data were used solely for the purposes of this study. Upon completion, 
participants were debriefed on the nature and findings of the research.

 
4. Results

		  4. 1. Self-assessed Measures

      4. 1. 1. Understanding & Safety Awareness

To assess participants perceived readiness and confidence regarding EV charging 
procedures, self-assessment ratings of both safety awareness and conceptual understanding 
were collected before and after onboarding (Figure 6).
Participants reported a significant increase in perceived safety awareness following the 
tutorials. A Wilcoxon signed-rank test confirmed a statistically significant difference between 
pre- and post-onboarding scores (Post: Mdn = 3.00, Pre: Mdn = 0.20, S = 232.5, p < .0001), 
indicating that the onboarding experience effectively enhanced participants’ awareness of 
safety-related aspects.
However, a Kruskal-Wallis test on the post-intervention safety awareness scores revealed 
no statistically significant difference among the three tutorial conditions (χ² (2) = 0.1904, 
p = 0.9092). This suggests that while onboarding generally improved safety awareness, the 
format of the tutorial had minimal effect on this particular outcome. A similar trend was 
observed in self-assessed understanding. The Wilcoxon signed-rank test showed a highly 
significant increase in post-onboarding ratings (Post: Mdn = 3.17, Pre: Mdn = 0.40, S = 
232.5, p < .0001), reflecting improved comprehension of charging concepts after tutorial 
completion. 
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Unlike safety awareness, however, a Kruskal-Wallis test revealed a significant difference in 
post-understanding scores across the three tutorial conditions (χ² (2) = 6.61, p = 0.0367). 
Steel-Dwass pairwise comparisons did not yield statistically significant differences between 
any specific pairs (all p > .05), although descriptive rankings suggested that the Illustrated 
group (Mdn ≈ 4) outperformed the Scrolling (Mdn ≈ 3) and Interactive (Mdn ≈ 3) groups. 
These results indicate that the structure of the tutorial may have inf luenced perceived 
comprehension, with the Illustrated format showing a slight advantage.

Figure 6 Results of self-assessment of EV charging services (top: safety awareness, bottom: understanding)

      4. 1. 2. Cognitive Load and Engagement

Participants evaluated their cognitive and emotional experiences during the onboarding 
process using two validated sets of self-report scales. The first measured perceived cognitive 
load through four dimensions: Simplicity, Mental Demand, Effort, and Frustration (Figure 7). 
The second assessed user engagement, encompassing Enjoyment, Interest Level, Confidence, 
and overall Engagement (Figure 8). Group-level differences in post-onboarding scores were 
analyzed using Kruskal-Wallis H tests, followed by Steel-Dwass pairwise comparisons when 
applicable.
No significant group differences were found for Perceived Simplicity (χ² (2) = 1.84, p = .3986) 
or Effort (χ² (2) = 3.65, p = .1614), suggesting that the tutorials did not vary substantially in 
their perceived ease or required physical/mental exertion.
However, significant differences were observed in Mental Demand (χ² (2) = 6.46, p = .0395). 
A Steel-Dwass comparison indicated that the Illustrated tutorial elicited significantly greater 
mental demand than the Interactive tutorial (Z = 2.43, p = .0403), while the difference with 
the Scrolling group was not significant (p = .2183). This suggests that the Illustrated tutorial 
may have required higher levels of concentration, possibly due to its reliance on self-guided 
interpretation.



    www.aodr.org    19

In addition, significant group differences were found for Frustration (χ² (2) = 7.88, p = .0195). 
The Illustrated group reported significantly higher frustration levels than the Scrolling group 
(Z = 2.41, p = .0422), while no significant differences were observed between the Interactive 
and other groups. This may reflect cognitive overload or ambiguity encountered during static 
content interaction.
Among the four-engagement metrics, only overall Engagement showed a significant 
difference among the groups (χ² (2) = 6.25, p = .0440). Although none of the pairwise Steel-
Dwass comparisons reached the Bonferroni-adjusted threshold (all p > .05), the Illustrated 
group trended toward higher engagement compared to both Interactive and Scrolling 
conditions.
In contrast, no significant differences were found for Enjoyment (χ² (2) = 0.86, p = .6517), 
Interest Level (χ² (2) = 0.13, p = .9356), or Confidence (χ² (2) = 2.82, p = .2442), indicating 
that despite variations in cognitive demand, participants across conditions generally 
maintained similar affective responses.
 

Figure 7 Scores of Subjective Evaluations after 

Onboarding Related to Cognitive Load

Figure 8 Scores of Subjective Evaluations after 

Onboarding Related to Engagement

		  4. 2. Task-Based Performance

      4. 2. 1. Time-Based Measures

The Kruskal-Wallis H test revealed a significant difference in onboarding time across the 
three tutorial conditions (χ² (2) = 7.52, p = .0232) (Figure 9). According to Steel-Dwass 
pairwise comparisons, participants in the Illustrated group required significantly more 
time to complete the tutorial and initiate the task than those in the Interactive group (Z = 
2.38, p = .0454). No statistically significant differences were found between the Illustrated 
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and Scrolling groups (p = .0660), or between Scrolling and Interactive groups (p = .9508).
These findings suggest that the Illustrated tutorial, which required self-paced reading and 
interpretation, may have imposed a greater cognitive or attentional demand compared to 
the more interactive tutorial, thereby increasing the time users needed to feel adequately 
prepared.
In contrast, no significant group differences were found in the time participants took to 
complete the actual charging simulation task (χ² (2) = 1.17, p = .5570). This suggests that, 
regardless of the tutorial type, participants performed similarly once they had begun the 
operational task. The comparable task times may reflect a learning ceiling effect or indicate 
that all tutorials effectively conveyed the minimum required procedural knowledge.
Taken together, these results indicate that the format of the onboarding tutorial influences 
the time needed to prepare, but not necessarily the efficiency of task execution. The 
active tutorial appears to support more efficient onboarding without compromising later 
performance.

Figure 9 Onboarding Time and Task Completion Time

      4. 2. 2. Accuracy and Errors in Task Execution

To evaluate how effectively each tutorial format supported both procedural learning and 
interface mastery, this section examines two outcome indicators: comprehension accuracy 
and operational errors during task execution.
Participants completed a f ive-item multiple-choice test designed to assess their 
understanding of key concepts in EV charging after the onboarding phase. A Kruskal-
Wallis test revealed a marginal group-level difference in test scores (χ² (2) = 5.70, p = .0577), 
suggesting a potential trend toward tutorial-dependent knowledge acquisition (Figure 10).
Descriptively, the Scrolling group achieved the highest median score (Mdn ≈ 5), followed by 
the Illustrated group (Mdn ≈ 4), with the active group performing lowest (Mdn ≈ 3). While 
these results did not reach statistical significance under the conventional threshold (p < .05), 
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they may reflect the Illustrated and Scrolling formats’ clearer or more structured information 
delivery compared to the more exploratory active format.
In contrast, the Kruskal-Wallis test for the number of operational errors revealed a 
statistically significant difference among tutorial conditions (χ² (2) = 7.48, p = .0237) 
(Figure 11). Steel-Dwass pairwise comparisons showed that the Scrolling group committed 
significantly more errors during the task than the Illustrated group (Z = 2.64, p = .0224), 
while the other comparisons were not significant.

Figure 10 Score of Test after Onboarding Figure 11 Errors Clicks in Operational Simulation

These findings suggest that despite scoring higher on conceptual understanding, participants 
exposed to the Scrolling tutorial may have experienced weaker procedural transfer or 
encountered more uncertainty during interface interaction, resulting in increased mis-clicks. 
Conversely, the Illustrated tutorial appeared to offer both conceptual clarity and operational 
stability, likely due to its explicit structure and visual guidance.
Taken together, these results indicate a potential gap between understanding and action, 
emphasizing that onboarding tutorials must address both declarative knowledge and 
interactive affordances to ensure successful task performance.

		  4. 3. Qualitative Insights

To complement the quantitative findings, post-task interviews were conducted to capture 
participants’ subjective experiences with the onboarding tutorials. Thematic analysis was 
conducted through open and axial coding of post-interview transcripts. Key concepts such as 
clarity of instructions, ease of navigation, emotional reassurance, and content comprehension 
emerged during open coding, and were subsequently grouped under tutorial-specific themes 
for axial organization (Table 1).
• Scrolling Tutorial
Participants appreciated the visual simplicity and beginner-friendly format of the Scrolling 
tutorial. The use of icons and illustrations aided comprehension, particularly for first-time 
users. Safety instructions were perceived as clear and well-organized.
However, several users reported difficulty understanding how to retrieve charging 
passwords, locate relevant UI components, and follow decision-making sequences. 
Suggestions for improvement included adding a table of contents, using multimedia aids like 
videos, and clearly highlighting critical steps.
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• Interactive Tutorial
The Interactive tutorial was noted for its engaging design, including realistic photos and 
dynamic layouts. Some participants found the vertical scrolling interface intuitive and 
helpful in reducing cognitive load. Speech bubbles and creative visual elements were credited 
with enhancing the user experience.
Nevertheless, the interaction-heavy format also introduced confusion, particularly in locating 
information or following non-linear screen transitions. Participants suggested simplifying 
transitions, clarifying progress indicators, and emphasizing next-step guidance.
• Illustrated Tutorial
Participants generally described the Illustrated tutorial as reassuring and easy to refer to 
during the charging process. The clear structure, concise explanations, and sequential layout 
were praised for enhancing understanding. Placing safety instructions at the beginning 
was seen as particularly effective. Some participants, however, found it harder to visualize 
dynamic interactions or interpret procedural elements without supplemental visual aids. 
Improvements were suggested in terms of better guiding attention and highlighting key 
sections.
 
Table 1 Participant Feedback on Usability and Improvements of EV Charging Tutorials

Group Key Feedback Example Quotes

Interactive - �Detailed instructions with realistic photos made usage 

easier to understand.

- �The vertical scrolling design reduced cognitive load and 

was intuitive.

- �Features like speech bubbles and creative design 

elements enhanced the user experience.

- �Challenges included difficulty locating information, 

unclear screen transitions, and confusion about the next 

steps.

- �Suggested improvements included simplifying screen 

transitions, emphasizing key information, and adding 

progress indicators or a table of contents.

“I liked the realistic photos; they made 

the instructions easier to follow.”

“The scrolling design was less stressful 

than navigating separate pages.”

“It was hard to tell which step I should 

read next.”

Scrolling - �The tutorial’s visual design (icons, illustrations) was 

simple and easy to understand, making it beginner-

friendly.

- �Safety instructions were prominently displayed, aiding 

comprehension before starting.

- �Users appreciated the initial task being simple, reducing 

psychological burden.

- �Challenges included difficulty with issuing passwords, 

locating charging spots, and understanding decision 

points.

- �Suggested improvements included highlighting critical 

steps, adding a table of contents, and incorporating 

multimedia aids like videos.

“The safety instructions were clear 

with icons and short sentences.”

“It was hard to figure out how to issue 

a charging password for the first time.”

“A video guide would help alongside 

text-based instructions.”

Illustrated - �The physical tutorial provided reassurance, allowing 

step-by-step reference during operations.

- �Clear illustrations and concise explanations were 

appreciated.

- �Safety instructions placed at the beginning enhanced 

understanding.

- �Some users found it harder to visualize certain scenarios, 

particularly non-drivers.

- �Suggested improvements included clearly separating 

instructions for beginners and experienced users and 

improving the visibility of key sections.

“Having a physical tutorial made it 

easier to confirm steps.”

“The illustrations were very clear and 

easy to understand.”

“The selection screen could be more 

noticeable for better navigation.”
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5. Discussion

		  5. 1. Overview of Key Findings

This research investigated the comparative effectiveness of three onboarding tutorial types—
Illustrated, Interactive, Scrolling and—in supporting inexperienced users of electric vehicle 
(EV) charging systems. These tutorials differ not only in interface presentation but also in 
cognitive demands, navigational control, and interactive feedback. Table 2 summarizes their 
core design characteristics alongside key cognitive and performance outcomes identified 
in this study, including cognitive load, task accuracy, and user engagement. Each tutorial 
demonstrated distinctive combinations of design features and corresponding performance 
outcomes.

Table 2 Comparison of EV Charing Tutorial Interfaces

Tutorial Type
Layout 

Structure

Navigation 

Freedom

Visual 

Density

Cognitive 

Load

Task 

Accuracy
Engagement

Illustrated Stepwise 

(Linear)

Low High High High Moderate

Interactive Modular 

(Dynamic)

High Moderate Moderate-

High

Medium High

Scrolling Vertical 

(Limited)

Medium Low Medium Medium Low-

Moderate

The Illustrated tutorial, characterized by its linear stepwise layout and rich visual support, 
induced higher cognitive load, as participants had to memorize and mentally rehearse task 
steps. However, this structure facilitated greater task accuracy and fewer operational errors, 
making it effective for procedural retention despite its cognitive demands.
In contrast, the Interactive tutorial, with its modular navigation and dynamic feedback, 
achieved the shortest onboarding time and the highest user engagement scores, particularly 
in interest and attention. Yet, its nonlinear structure introduced navigation confusion for 
some participants, and comprehension scores were more variable.
The Scrolling tutorial, offering a linear content flow with limited interactivity, was perceived 
as visually simple and user-friendly, but yielded higher error rates and moderate engagement 
levels. Participants noted difficulties in locating specific steps and understanding progression 
cues.
Together, these results reveal that onboarding tutorial design influences not only usability 
and engagement, but also how well users retain and apply procedural knowledge. 
Importantly, our findings do not support the assumption that the Interactive tutorial is 
universally superior to static formats; rather, each tutorial demonstrates differentiated 
strengths across accuracy, engagement, and cognitive effort. Consequently, the choice of 
onboarding format should be made contingently aligned with the primary goal (e.g., safety/
accuracy vs. motivation/interest vs. quick orientation) instead of pursuing a single “best” 
design. In addition, self-reports indicated improvements in understanding and safety 
awareness from pre- to post-onboarding, reinforcing that tutorial structure can shape users’ 
confidence and risk perception.
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		  5. 2. Implications for EV Onboarding Tutorial Design

      5. 2. 1. Design Feature Analysis

The structural design of onboarding tutorials plays a pivotal role in shaping users’ 
cognitive load and learning performance. As illustrated in Figure 12, the three tutorial 
types present fundamentally distinct information f low architectures that directly 
influence how users process instructional content and transition to task execution.

Figure 12 Information Flow of 3 Types of Tutorials

The Illustrated tutorial follows a highly linear structure, presenting information 
sequentially from top to bottom with minimal opportunities for navigation or interaction. 
This constrained format requires users to cognitively retain step-by-step instructions 
until they transition to the operational task. According to Cognitive Load Theory (Sweller, 
1988), this places a significant demand on working memory, particularly due to the split-
attention effect—users must mentally integrate static visual content with upcoming motor 
tasks without scaffolded reinforcement. The results corroborate this: participants in the 
Illustrated condition reported the highest levels of mental and physical demand, and 
experienced longer onboarding times, yet they also demonstrated higher task accuracy 
and comprehension scores. These findings suggest that although the linear format induces 
cognitive strain, it may promote deeper encoding of procedural knowledge when users are 
motivated to engage. This deeper encoding likely underpins higher confidence at the point 
of task execution and contributes to elevated post-onboarding safety awareness.
In contrast, the Interactive tutorial offers a modular and interactive experience. Users 
are allowed to freely explore sections of the tutorial using swipe gestures, with dynamic 
visual cues reinforcing their progress. This structure promotes learner control, which 
has been shown to enhance engagement and attention (Mayer, 2005). Participants in the 
Interactive condition reported higher interest, curiosity, and attentional focus, consistent 
with an affectively rich onboarding experience. However, performance metrics revealed 
only moderate comprehension accuracy and a non-negligible error rate during task 
execution. The evidence indicates that increased user control raises engagement but may 
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fragment procedural schemas when sequencing is not strongly scaffolded, thereby limiting 
gains in accuracy and confidence.
The Scrolling tutorial resides in the middle of this continuum. It presents animated 
transitions in a fixed flow with limited interactivity (e.g., scrolling only), providing a semi-
structured experience. Participants rated it as easy to follow and visually intuitive but also 
exhibited a comparatively higher rate of operational errors. This implies that while the 
Scrolling design lowers extraneous load through automation and visual f low, it may not 
adequately foster active construction of mental models necessary for correct task translation.
Taken together, the design feature analysis indicates that tutorials optimized for engagement 
are not always aligned with those that maximize task accuracy. The Illustrated tutorial 
demands more cognitive effort upfront but supports precise procedural understanding. The 
Interactive tutorial enhances user interest and navigation satisfaction but risks cognitive 
overload due to fragmented control. The Scrolling tutorial offers a comfortable experience but 
may underperform in transferring declarative content into procedural action. Accordingly, 
Scrolling is better positioned for quick familiarization rather than for safety-critical mastery.
In summary, illustrated tutorials are most appropriate when safety and operational accuracy 
are the primary goals; Interactive tutorials are advantageous when the objective is to increase 
motivation and sustained attention; Scrolling tutorials suffice for low-stakes orientation or 
quick familiarization. Designers should therefore select the tutorial format conditionally, 
according to context-specific priorities rather than expecting a universally superior solution. 
In the EV-charging context, the most actionable path is a hybrid strategy that retains the 
Illustrated tutorial’s structured narrative while adding minimal, well-placed interactive 
scaffolds (e.g., confirmations/progress cues), thereby balancing accuracy and confidence with 
motivational engagement.

      5. 2. 2. Design-Informed Literature Dialogue

While the effectiveness of onboarding systems has been extensively explored in domains 
such as data visualization dashboards (Dhanoa et al., 2022; Stoiber et al., 2019) and technical 
assembly training (Javornik et al., 2020), limited work has addressed the onboarding needs 
for physical-digital hybrid services like EV charging stations. Our study contributes to 
this gap by examining how tutorial structure and interactivity influence first-time users’ 
comprehension, confidence, and task performance.
Dhanoa et al. (2022) proposed a cyclical “Onboarding Loop” process model in dashboard 
design, where initial exploration, user reflection, and iterative understanding are scaffolded 
through interface affordances. In contrast, our findings reveal that onboarding for EV 
charging—a safety-critical, one-time task—demands a more constrained flow structure. The 
linearity of the Illustrated tutorial, despite limiting user control, reduced error frequency 
and improved understanding among novices. This contrasts with findings in visualization 
onboarding, where exploratory freedom often enhances engagement and retention. Thus, 
while Dhanoa’s model favors open-ended interaction, our results highlight the necessity of 
structured, cognitively supportive flows in task-specific onboarding.
Similarly, Stoiber et al. (2019) proposed the six-dimensional design space (Why-What-Who-
How-Where-When) for onboarding narratives. Our study implicitly touches on several of 
these dimensions—most notably the “How” (flow structure) and “When” (sequencing). In line 
with Stoiber’s argument for tailored onboarding strategies, our results show that excessive 
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interactivity (as seen in the Interactive tutorial) may undermine performance when not 
guided by appropriate scaffolding. This emphasizes the contextual limits of high-control 
tutorial designs.
From a modality perspective, Javornik et al. (2020) compared AR-based and paper-based 
instructions for manual assembly, demonstrating that spatial and temporal integration of 
information enhances task efficiency. Our study complements this by showing that even in 
low-tech environments, UI design that emphasizes step-by-step flow and minimal cognitive 
load can support learning transfer. The findings caution against assuming that interactive 
or digital tutorials are inherently superior—especially when safety, reliability, and low user 
error are priorities.

		  5. 3. Practical Design Considerations

The findings of this research suggest a need for carefully balancing cognitive support, user 
control, and safety-critical learning outcomes when designing onboarding tutorials for EV 
charging systems. While digital interaction is often associated with improved engagement, 
our results emphasize that excessive user freedom—especially in Inexperienced safety-
oriented operations—can increase operational errors and reduce comprehension.
For practical design, we suggest the following considerations:
• Prioritize Step-by-Step Structure in Critical Tutorials
For services involving physical actions and safety risks (e.g., connecting high-voltage EV 
chargers), onboarding materials should favor structured f lows with clear progression 
indicators rather than open-ended exploration.
• Optimize Interactivity for Novice Users
While user agency is important, it should not come at the expense of clarity. Interfaces for 
inexperienced users should limit unnecessary navigational freedom and provide timely 
confirmation checkpoints or visual cues to maintain learning continuity.
• Use Visual Scaffolding to Reinforce Key Concepts
Based on our analysis, visual segmentation of instructional content into discrete blocks (e.g., 
numbered steps, icon-labeled warnings) supports memory encoding and reduces the risk of 
information overload.
• Align Tutorial Modality with Task Context
For environments lacking real-time feedback (e.g., public EV chargers with minimal UI), 
Illustrated or fixed-sequence digital tutorials may offer a more reliable path to safe task 
completion.
• Design for Error Prevention Rather Than Recovery
Unlike digital dashboards where mistakes can be reversed, physical systems like EV chargers 
demand error-proof design. Onboarding tutorials should thus anticipate user misconceptions 
and proactively correct them through constrained interaction.
These considerations extend beyond EV charging to other domains where onboarding 
experiences bridge physical and digital actions, such as public kiosks, self-checkout stations, 
and medical self-testing devices. Designers should calibrate tutorial complexity not only to 
user proficiency, but also to task criticality and environmental constraints.
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		  5. 4. Limitations and Future Work

This study presents insights into onboarding tutorial design; however, all participants were 
Japanese university students residing in Japan at the time of the study, with relatively high 
digital literacy, and the experiment was conducted in a controlled setting using a prototype 
modeled on a widely used Japanese EV-charging interface. The tutorials were static text-
and-image materials without multimedia or adaptive features. These constraints enabled fair 
cross-condition comparisons but limit ecological validity and generalizability.
Building on these findings, future studies should broaden participant demographics, 
conduct field studies in real stations to capture environmental pressures, and examine 
dynamic instructional elements (e.g., real-time feedback, lightweight AR overlays) that may 
reduce reliance on pre-learning. Longitudinal research can assess retention and transfer to 
unfamiliar chargers; adaptive onboarding systems that modulate flow and redundancy based 
on user behavior are a promising direction.
Finally, future work should move beyond the search for a universally optimal format and 
instead identify conditionally optimal strategies—i.e., which tutorial design yields the best 
balance of accuracy, confidence, and engagement under specific operational constraints.
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