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SUMMARY: 
This study employs ERPs to investigate how agent type (human/AI) and language style (humorous/rational) influence ride-hailing service recovery satisfaction, aiming to uncover neurocognitive mechanisms.

ABSTRACT: 
[bookmark: OLE_LINK11][bookmark: OLE_LINK3]In the ride-hailing industry, effective service recovery strategies following service failures are crucial for passenger satisfaction and platform reputation. However, how the combination of agent type and language style influences passenger satisfaction and the underlying neural mechanisms remains unclear. This study designed an event-related potentials (ERPs) experiment to investigate how two key factors in post-failure remediation—service agent type and language style—affect passenger satisfaction and its neural correlates. A 2 (Agent Type: Human/AI) × 2 (Language Style: Humorous/Rational) within-subjects design was employed. Using E-Prime software, participants were presented with five pre-selected, common ride-hailing service failure scenarios. Each scenario was followed by a standardized voucher compensation offer delivered by an agent, with the agent type and language style systematically varied across trials. The procedure involved simultaneous recording of 64-channel electroencephalographic (EEG) signals and collection of behavioral satisfaction ratings. Behavioral data indicated higher satisfaction ratings for human agent and the humorous language style. ERPs results revealed more negative N2 and feedback-related negativity (FRN) amplitudes elicited by the rational language style, whereas human agents and the rational style elicited more positive P300 amplitudes. This study details the standardized preparation of experimental stimuli, precise timing control of the experimental procedure, EEG recording preparation based on the International 10-20 system, and the complete methodological pipeline from data acquisition to preprocessing. This protocol offers high temporal resolution and good reproducibility. It is suitable for research in consumer neuroscience, human-computer interaction, and service management that requires precise quantification of the temporal dynamics underlying social cognition and decision-making processes.

INTRODUCTION: 
[bookmark: OLE_LINK15]Ride-hailing, a flagship model of the sharing economy, has become an integral component of urban mobility ecosystems due to its fundamental reliance on real-time interaction and user experience1.However, service failures—such as driver discourtesy, vehicle malfunction, or trip delays—are difficult to eliminate entirely. These incidents are often unexpected and context-dependent, readily triggering passenger dissatisfaction and eroding trust2. In a highly competitive market, prompt and effective service recovery is not merely a necessary step to redress immediate shortcomings; it constitutes a strategic imperative for rebuilding user trust and sustaining long-term loyalty3. 
Traditional research on service recovery has predominantly employed behavioral methodologies, such as questionnaires and scenario-based experiments4. These studies evaluate the effectiveness of different recovery strategies by measuring explicit indicators like satisfaction and repurchase intention. Although this research has generated substantial findings, it is largely confined to observing consumers' final behavioral outputs. Direct evidence is still lacking regarding the internal "black-box" process—specifically, how the brain processes, evaluates, and ultimately transforms service recovery information into a decision. In other words, while knowledge exists regarding which strategies are effective, understanding of the underlying neurocognitive mechanisms remains limited. Several specific questions persist: Do differences between human and AI agents manifest during the early stages of information processing? How do humorous versus rational communication styles modulate the negative emotions elicited by service failures? What is the complete neural pathway—from conflict detection to cognitive integration—that underlies the final satisfaction decision?
While certain recovery strategies (such as monetary compensation or apology) are known to be generally effective, a deep understanding of why and how these strategies work at cognitive and affective levels—as well as their underlying dynamic neural mechanisms—remains limited. This methodological gap constrains the ability to design more precise, efficient, and personalized service recovery solutions. To investigate this “black box,” the present study employs event-related potentials (ERPs) technology as its core methodological approach. By recording electroencephalographic signals time-locked to specific stimulus events, ERPs provides millisecond temporal resolution, enabling the non-invasive and continuous capture of instantaneous brain activity during cognitive processing5-7. Compared to functional magnetic resonance imaging (fMRI), ERPs offers a distinct advantage in temporal precision8. Relative to traditional self-report measures, ERPs can effectively avoid retrospective bias and social desirability effects, thereby directly revealing individuals’ immediate and unconscious neural responses9. In the context of service failure and recovery, this means that ERPs allows for the precise separation and observation of a series of rapid, sequential psychological processes. These include early conflict detection (reflected in the N2 component), mid-term emotion and outcome evaluation (reflected in the FRN component), and late-stage higher-order cognitive integration and motivational appraisal (reflected in the P300 component)10-15. Therefore, ERPs serve as an ideal tool for elucidating the complex neural mechanisms underlying service recovery decision-making.
Based on the methodological considerations outlined above, this paper presents a systematic, rigorous, and reproducible ERPs experimental protocol. This protocol is designed to investigate how two key service recovery elements—service agent type (Human vs. AI) and language style (Humorous vs. Rational)—jointly influence passenger satisfaction and its underlying neural mechanisms following a ride-hailing service failure. The protocol recruits university students with prior ride-hailing experience. It employs a standard S1-S2 experimental paradigm and a 2 (Agent Type: Human vs. AI) × 2 (Language Style: Humorous vs. Rational) within-subjects design. Stimuli comprising service failure scenarios and subsequent recovery proposals are presented in a standardized manner using E-Prime software. The procedure involves simultaneous acquisition of 64-channel electroencephalographic (EEG) data and behavioral satisfaction ratings. 
This study employs the protocol to examine behavioral responses and to uncover the distinct cognitive processing stages underlying service recovery effects from a neurodynamic perspective16,17. For example, the rational style might violate emotional expectations and thereby elicit stronger conflict signals and more negative feedback during early‑to‑mid stages, reflected as more negative N2 and FRN amplitudes18-20. Furthermore, human agent could receive more positive motivational appraisal during the late integration stage because of their social attributes, indicated by a more positive P300 amplitude21. Meanwhile, the rational language style likely increases the cognitive resources required to resolve conflict, which may also be reflected in a larger P300 amplitude22.
This protocol offers high temporal resolution and good reproducibility. Its design rationale and methodological details are applicable not only to the ride-hailing service context but also provide a reference for broader research fields. These fields include consumer neuroscience, human–computer interaction, service management, and communication studies. Thus, it contributes to the precise quantification and understanding of dynamic information processing in the human brain across various contexts of social interaction and decision-making.

PROTOCOL: 
This research protocol has been approved by the local and institutional ethics committees and complies with the latest version of the Declaration of Helsinki. All participants provided written informed consent prior to participation and can withdraw from the study at any time to protect their rights.

1.Experimental stimuli
[bookmark: OLE_LINK22]1.1 Pre-selection of service failure scenarios
1.1.1 Recruit 100 college students with prior ride-hailing experience.
1.1.2 Ask participants to rate their level of dissatisfaction with ten common ride-hailing service failure scenarios using a 7-point Likert scale (1 = not dissatisfied at all; 7 = very dissatisfied). The scenarios should include: driver rudeness, vehicle breakdown, incorrect destination, driver arriving late, traffic accidents, poor in-car hygiene, driver taking detours, being charged before boarding, driver not assisting with luggage, and uncomfortable in-car temperature.
1.1.3 Rank the ten scenarios according to their mean dissatisfaction ratings and select the top 50% of scenarios with the highest ratings as the formal experimental materials.
1.1.4 Finalize the following five service failure scenarios for use in the experiment: driver rudeness, vehicle breakdown, incorrect destination, driver arriving late, and traffic accidents.
1.1.5 Present each selected scenario to participants using brief textual descriptions accompanied by a “Service Failure!” prompt.
NOTE: In the present implementation, the selected scenarios showed a mean dissatisfaction rating of 6.6, which was substantially higher than the mean rating of the bottom 50% of scenarios (mean = 3.6). This difference indicates that the selected scenarios effectively elicited a perception of service failure, supporting the validity of the experimental stimuli.

1.2 Design language style and agent persona
1.2.1 For each service failure scenario, design recovery messages in both "humorous" and "rational" language styles for the "human" and "AI" agents. Balance the word count across the different language styles to avoid confounding effects from reading time and cognitive load. For the scenario of poor driver attitude, use the following as examples: for the humorous style, state, "A grumpy driver is contagious! Here is a cash voucher to ensure your next ride comes with a smile!"; for the rational style, state, "We sincerely apologize for the driver’s unsatisfactory attitude. A cash voucher is provided as compensation. We look forward to serving you again."

1.2.2 Pair each agent type (human/AI) with a representative static avatar image. 

1.2.3 Combine the designed message texts with their corresponding agent avatars to form the complete stimulus materials for delivering compensation and disclosure information.

1.2 Design two language styles (humorous and rational) for Agents (Human Customer Service vs. AI Customer Service) to provide compensation and disclose information through text combined with images of customer service representatives. For instance, in a scenario where the driver's service attitude is poor, the humorous language style states, 'The driver is in a bad mood, and it’s contagious! Here comes a cash coupon, ensuring a smile next time!' The rational language style states, ' An apology is expressed for the driver's unsatisfactory attitude, and a cash coupon is provided as compensation. Future patronage is welcomed.'

1.3 Standardize the visual stimulus materials

1.3.1 Standardize all stimulus images using Adobe Photoshop 2022 to ensure their validity and consistency.

1.3.2 Uniformly adjust the image dimensions to 2560 × 1440 pixels and set the resolution to 72 DPI.

1.3.3 Calibrate the image brightness to a value of 85 and increase the contrast by 20 to optimize visual presentation and reduce interference.

1.3.4 Ensure all textual content maintains consistent font, size, color, and position. Keep the text clear and legible to avoid any ambiguity.

1.3 Process all experimental images using Adobe Photoshop 2022 to standardize the stimulus materials, ensuring their validity and consistency. Adjust the image dimensions uniformly to 2560 × 1440 pixels with a resolution of 72 DPI. Calibrate the brightness to a value of 85 and increase the contrast by +20 to minimize visual interference. Additionally, standardize and optimize the wording related to the stimuli to ensure clarity and ease of understanding, avoiding any ambiguities.

1.4 Validation of Stimulus Material Effectiveness and Discriminability

1.4.1 Recruit 100 participants eligible for the main experiment to validate the stimulus materials.

1.4.2 Have participants rate each language style material on dimensions such as "humor," "appropriateness," and "naturalness" using a 7-point Likert scale (1 = not at all, 7 = very much).

1.4.3 Verify that a text presentation time of 1250 ms is sufficient for participants to read and comprehend the stimulus materials.

NOTE: In the pilot study of this research, the humorous language style materials received an average score of 6.3 on "humor," which was significantly higher than the average score of 1.2 for the rational language style condition. No significant differences were found in the dimensions of "appropriateness" and "naturalness."
1.4 Conduct a pilot study to collect participant feedback on all stimulus materials. Ensure that all service failure scenarios effectively elicit a perception of service failure. Confirm that materials in humorous condition are rated significantly higher on perceived humor than those in the rational condition, while showing no significant difference in ratings of appropriateness and naturalness. Also, verify that the 1250 ms presentation duration is sufficient for participants to read and comprehend the stimulus text.

1.5 Match and balance the text length, measured by the number of Chinese characters, across the different language style conditions. Ensure no significant difference in text length exists between the humorous and rational conditions. Control for the confounding influence of text complexity on reading time and cognitive load.

2. Experimental procedure
2.1 Adopt a 2 (agent type: human vs. AI) × 2 (language style: humorous vs. rational) within-subjects factorial design.

2.2 Generate four distinct versions of the experimental sequence. For each version, combine the four experimental conditions (human-humorous, human-rational, AI-humorous, AI-rational) with the five service failure scenarios.

2.3 Program 120 trials in E-Prime, divide them into 2 blocks of 60 trials, insert a mandatory 120-second rest screen between blocks, and structure each trial as follows:

2.3.1 Display the fixation point at the center of the screen for 500 ms.

2.3.2 Present a prompt indicating the failure of ride-hailing service for 1000 ms.

2.3.3 Show a blank screen for 250 ms.

2.3.4 Display information regarding the service agent's identity disclosure for 1000
 ms.

2.3.5 Show a blank screen for 250 ms.

2.3.6 Provide the participant with an apology script delivered in a humorous/rational language style by the service agent for 1250 ms.

2.3.7 Show a blank screen for 250 ms.

2.3.8 Offer the participant compensation in the form of an equivalent coupon (a ride voucher equal to the cost of the service) for 1250 ms.

2.3.9 Show a blank screen for 250 ms.

2.3.10 Request the participant to evaluate their satisfaction with the proposed solution (1 = very dissatisfied, 5 = very satisfied); the evaluation interface will remain until the participant makes a selection. 
[Place Figure 1 here]

3. Experimental preparation and electrophysiological recording
3.1 Experimental Preparation

[bookmark: OLE_LINK20]3.1.1 Recruit 20 paid undergraduate and postgraduate students (8 female) from Harbin Engineering University according to the inclusion criteria: right-handedness, normal or corrected-to-normal vision, no history of psychiatric or neurological disorders, and no history of hair straightening or dyeing in the past six months. The participants were aged 18–28 years (M=23.25, SD=±2.23).Schedule individual experimental sessions for each participant. Exclude participants with excessive data artifacts from further analysis.
3.1.1 Recruit participants. Twenty right-handed undergraduate and postgraduate students (8 females) were recruited from Harbin Engineering University as paid participants. All participants reported normal or corrected-to-normal vision, no history of psychiatric or neurological disorders, and no history of hair straightening or dyeing within the past six months. The age range was 18 to 28 years (M=23.25, SD=±2.23). Participants with excessive artifacts in the EEG data were excluded from further analysis.

[bookmark: OLE_LINK30]3.1.2 After the participant arrives at the laboratory, conduct a preliminary briefing. Introduce the core equipment, materials, and the complete experimental procedure step by step. Clearly explain the specific requirements of the experimental tasks, the estimated duration, and important precautions. Ensure the participant fully understands the intensity of the experiment.
3.1.2 Wait for participants to arrive at the laboratory at the scheduled time. Conduct preliminary communication with them. Introduce the core equipment, consumables, and complete experimental procedure required for the experiment to participants one by one. Emphasize the specific content of the experimental tasks and the estimated duration. Ensure that participants have a clear understanding of the experimental intensity.

[bookmark: OLE_LINK31]3.1.3 Provide a written informed consent form to participants prior to the official initiation of the experiment. Require participants to read the form carefully and sign it before the experiment commences.

3.1.4 Instruct the participant to wash their hair with a neutral shampoo in a designated area to remove scalp oil, dust, and other impurities that may affect conductivity between the electrodes and the scalp. Then, instruct the participant to use the laboratory-provided hair dryer to thoroughly dry their hair, ensuring no damp areas remain. Set the hair dryer to a medium airspeed (approximately 1600 W) and a constant temperature mode (approximately 50°C).
3.1.4 Consider that scalp oil, dust, and other impurities may affect the conductivity between the electrodes and the scalp. Instruct participants to clean their hair with neutral shampoo in the designated area. Instruct participants to thoroughly dry their hair using the laboratory-provided hair dryer. Ensure no damp areas remain on the hair. Set the hair dryer to medium airflow (approximately 1600W) and constant temperature mode (approximately 50°C).

[bookmark: OLE_LINK33]3.1.5 Guide the participant into the dedicated EEG recording laboratory. The laboratory is professionally equipped with electromagnetic shielding and high sound insulation. Adjust the air conditioning and ambient lighting to ensure a room temperature of approximately 22°C and dim illumination. Instruct the participant to sit in the comfortable chair. Ensure the distance between the participant's eyes and the center of the screen is approximately 1 meter.

3.1.6 Take 75% medical alcohol cotton balls and non-irritating facial cleanser. Gently wipe the specific areas of participants' faces with these items.

[bookmark: OLE_LINK34]3.1.7 Position the electrode cap, equipped with 64 Ag/AgCl electrodes, on the participant's scalp according to the International 10-20 system. Align the midline of the cap with the participant's nasion-to-inion line. Place the CZ electrode at the vertex of the head. Verify the cap positioning: ensure the Fp1 and Fp2 electrodes are located approximately 2 cm above the nasion, and the T3 and T4 electrodes are positioned approximately 2 cm above the ear tragus.

[bookmark: OLE_LINK37]3.1.8 Fill all electrode wells with conductive gel. Secure any external electrodes using medical tape. Place the reference electrode on the tip of the nose. Position the vertical electrooculogram (VEOG) electrodes approximately 1 cm above and below the left orbital socket. Place the horizontal electrooculogram (HEOG) electrodes approximately 1 cm lateral to the outer canthus of each eye. Position the recording electrodes (M1, M2) on the left and right mastoids, respectively.

[bookmark: OLE_LINK40]3.1.9 Adjust the chin strap of the electrode cap to a snug yet comfortable fit to prevent electrode displacement during the experiment. Then, verify the cap's final position to ensure it is not twisted or rotated.

3.1.10 Switch the recording software to impedance check mode. Fill the wells of all electrodes in the cap with conductive gel using a blunt-tip syringe. Gently part the hair at each electrode site to ensure full contact between the electrode and the scalp. Continuously adjust the electrodes until the impedance for each channel drops below and stabilizes at 10 kΩ. Verify that the impedance values are displayed within the acceptable range (typically indicated by a blue or dark color on the impedance monitor).

[bookmark: OLE_LINK43]3.1.11 Inform participants that the experiment will be conducted in a closed and quiet environment. Instruct them to maintain a relaxed state, keep a stable sitting posture, avoid excessive body movements, and stay focused throughout the experiment.​

3.1.12 Present the stimuli using a 22-inch LCD monitor. Set the screen refresh rate to 60 Hz.

[bookmark: OLE_LINK29]3.2 E-Prime Software Operation Procedure

[bookmark: OLE_LINK44][bookmark: OLE_LINK51]3.2.1 Start E-Studio and Load the Project. Insert the E-Prime hardware key into a USB port on the computer. Double-click the E-Studio icon on the desktop to launch the software. Click File -> Open on the menu bar and select the project file for this experiment.

[bookmark: OLE_LINK46]3.2.2 Enter Participant Information. On the E-Run startup interface, accurately enter the Subject number (e.g., 001), Session number, and other required information.

[bookmark: OLE_LINK48]3.2.3 Execute the Practice Session. Click Tools -> E-Run, then select Run in the pop-up window. The program will first display the task instructions. Ensure the participant can clearly reiterate the experimental procedure and the correct response method. Subsequently, run the 10 practice trials. The structure of these trials is identical to the main experiment. After the practice session, ask the participant whether they were able to effectively read and understand the information presented in the stimuli.

3.2.4 Initiate the Main Experiment. Upon completion of the practice trials, proceed to the instruction screen. Confirm the participant's readiness, then instruct them to press the spacebar to begin the main experiment. Ensure the main experiment comprises 120 trials divided into 2 blocks, with 60 trials allocated to each block. Insert a mandatory 2-minute rest period between the two blocks.

3.2.5 Monitor the Session and Save Data. Monitor the session progress from an adjacent room via a monitor screen. Upon completion of the entire experiment, ensure that E-Prime automatically saves the data file.

3.3 Debriefing and Compensation

3.3.1 Save the EEG data and remove the electrode cap from participants.
3.3.2 Instruct participants to clean the residual conductive gel from their hair and skin. Ensure no gel residue remains on their hair or skin. Confirm that participants have no discomfort after the cleaning process.​

3.3.32 Conclude the experiment and pay participants a remuneration of 30 RMB (approximately 4.50 USD).​

3.4 Data Preprocessing Procedure

3.4.1 Inspect the Data. Visually inspect the EEG data. Exclude epochs containing significant baseline drift or severe noise artifacts from further analysis.

3.4.2 Correct Ocular Artifacts. Set the vertical electrooculogram (VEOG) channel as the reference for ocular artifacts. Apply the ocular artifact reduction algorithm in the Scan software to correct blink and eye-movement artifacts.

3.4.3 Epoch the Data. Segment the continuous EEG data into epochs time-locked to stimulus onset, using the event markers inserted by the E-Prime program. Define the epoch time window from -200 ms (pre-stimulus) to +800 ms (post-stimulus).

3.4.4 Perform Baseline Correction. Define the 200 ms pre-stimulus interval as the baseline. Subtract its mean amplitude from the post-stimulus data using the baseline correction algorithm in the Scan software.

3.4.5 Reject Artifacts. Reject epochs where the signal amplitude exceeds ±100 µV within the analysis window to eliminate contamination from muscle activity and other high-amplitude artifacts.

3.4.6 Re-reference the Data. Compute the average signal from the electrodes on the left and right mastoids. Re-reference all channels offline to this computed mastoid average.

3.4.7 Average Within Subjects. For each participant, average all artifact-free epochs belonging to the same stimulus condition to obtain stable, condition-specific ERPs waveforms for each individual.

3.4.8 Apply a Filter. Filter the averaged ERPs waveforms using a 30 Hz low-pass filter (24 dB/octave roll-off).

3.4.9 Create Grand Averages. Combine the individual averages for each condition across all participants to create grand average ERPs and obtain the group-level waveforms for each experimental condition.

RESULTS: 
[bookmark: OLE_LINK24][bookmark: OLE_LINK28][bookmark: OLE_LINK26][bookmark: OLE_LINK42]As shown in Figure 2a, 2 (service agent: human vs. AI) ×2 (language style: humorous vs. rational) repeated measures ANOVA on satisfaction ratings revealed a significant main effect of service agent. Pairwise comparisons showed that satisfaction with the human agent（3.005）was higher than with the AI agent（2.750）. A significant main effect of language style was also found. Pairwise comparisons indicated that satisfaction in the humorous condition （3.018）was higher than in the rational condition (2.737). As shown in Figure 3, the interaction effect between service agent and language style was significant. Further simple effects analysis showed that in the humorous language condition, satisfaction with the human agent （3.168）was higher than with the AI agent（2.868）. In the human agent condition, satisfaction with the humorous language style（3.168）was higher than with the rational language style（2.842）.
[bookmark: OLE_LINK5][Place Figure 2 here] 
[Place Figure 3 here]

[bookmark: OLE_LINK52][bookmark: OLE_LINK32][bookmark: OLE_LINK54] As shown in Figures 4, 5, and 6,a 2 (service agent: human vs. AI) × 2 (language style: humorous vs. rational) × 9 (electrode: FZ, FCZ, CZ, F1, F2, FC1, FC2, C1, C2) repeated measures ANOVA was conducted on the N2 component(150-200 ms). The results showed a significant main effect of language style. Pairwise comparisons revealed that the rational language style elicited a significantly more negative N2（-3.305μV）than the humorous language style （-1.975μV）. The main effects of service agent and electrode were not significant. No significant interaction effects were found.

[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK55] As shown in Figures 4, 5, and 6,a 2 (service agent: human vs. AI) × 2 (language style: humorous vs. rational) × 4 (electrode: FZ, FCZ, F1, F2) repeated measures ANOVA was conducted on the FRN component(250-300 ms). The results indicated a significant main effect of language style. Pairwise comparisons showed that the rational language style elicited a significantly more negative FRN（-3.376μV）than the humorous language style（-2.251μV). The main effects of service agent and electrode were not significant. No significant interaction effects were found.

[bookmark: OLE_LINK38][bookmark: OLE_LINK56][bookmark: OLE_LINK39][bookmark: OLE_LINK41][bookmark: OLE_LINK45][bookmark: OLE_LINK49][bookmark: OLE_LINK50]As shown in Figures 4, 5, and 6, a 2 (service agent: human vs. AI) × 2 (language style: humorous vs. rational) × 3 (electrode: FZ, FCZ, CZ) repeated measures ANOVA was conducted on the P300 component(300-400 ms). The results revealed a significant main effect of service agent. Pairwise comparisons showed that the human agent elicited a significantly more positive P300（3.120μV）than the AI agent（0.779μV). A significant main effect of language style was also found. Pairwise comparisons indicated that the rational language style elicited a significantly more positive P300（3.266μV） than the humorous language style（0.633μV). The main effect of electrode was significant. The P300 elicited at the CZ electrode（2.408μV）was significantly more positive than at the FZ electrode（1.494μV）. As shown in Figures 4, 5, and 7,there was a significant interaction effect between service agent and language style. Further simple effects analysis showed that in the humorous language condition, the human agent elicited a significantly more positive P300（3.111μV）than the AI agent（-1.845μV）. In the AI agent condition, the rational language style elicited a significantly more positive P300（3.403μV）than the humorous language style（-1.845μV）.
[Place Figure 4 here] 
[Place Figure 5 here] 
[Place Figure 6 here] 
[Place Figure 7here]

FIGURE AND TABLE LEGENDS:
Figure 1: Experimental procedure. The event sequence and presentation durations for a single experimental trial are shown from left to right as follows: a fixation cross (500 ms), a service failure scenario prompt (1000 ms), a blank screen (250 ms), service agent type information (1000 ms), a blank screen (250 ms), language style (1250 ms), a blank screen (250 ms), a service recovery strategy (voucher information, 1250 ms), a blank screen (250 ms), and finally the satisfaction rating interface (displayed until the participant responded).

Figure 2: Main effects of behavioral results. Mean satisfaction ratings under the four conditions: human agent versus AI agent, and humorous language style versus rational language style. Error bars represent standard deviations. *p < 0.05.

[bookmark: _Hlk218694982]Figure 3: Interaction effect of agent type and language style on behavioral results. Mean satisfaction ratings for humorous language style versus rational language style under both human agent and AI agent conditions. *p < 0.05.

Figure 4: Grand-average ERPs waveforms for N2, FRN, and P300 at FZ, FCZ, and CZ electrodes. Grand-average ERPs waveforms recorded at fronto-central electrode sites for the four experimental conditions: Human-Humorous, Human-Rational, AI-Humorous, and AI-Rational. The time range spans from 200 ms pre-stimulus to 800 ms post-stimulus. The gray rectangles indicate the time windows used for component analysis, with corresponding arrows for identification. Positive voltage is plotted downward. Amplitude (μV) is shown on the y-axis, and time (ms) is shown on the x-axis.

Figure 5: Topographical maps at 175 ms, 275 ms, and 350 ms for the four conditions. Topographic maps of scalp voltage distribution for the four experimental conditions (Human-Humorous, Human-Rational, AI-Humorous, AI-Rational) at three time points: 175 ms (N2), 275 ms (FRN), and 350 ms (P300) post-stimulus. Red indicates positive polarity and blue indicates negative polarity, within a range of −25 to 25 μV.

Figure 6: Main effect plots for N2, FRN, and P300 components. Data distributions are presented using overlaid violin plots and box plots: (a) Amplitude distribution of the N2 component under language style conditions (Humorous vs. Rational); (b) Amplitude distribution of the FRN component under language style conditions(Humorous vs. Rational); (c) Amplitude distribution of the P300 component under agent type conditions (Human vs. AI); (d) Amplitude distribution of the P300 component under language style conditions (Humorous vs. Rational). The dashed line indicates the mean. The box plots display the interquartile range and the mean ± 1.5 SD. Amplitude (μV) is shown on the y-axis. *p < 0.05, ***p < 0.001.

Figure 7: Interaction effect of service agent and language style on the P300 component. Overlaid violin and box plots illustrate the distribution of P300 amplitudes elicited by human and AI agents under both humorous and rational language styles. The dashed line indicates the mean. The box plot displays the interquartile range and the boundaries of the mean ± 1.5 SD. Amplitude (μV) is shown on the y-axis. ***p < 0.001.

DISCUSSION:
This study integrates behavioral measures with high-temporal-resolution ERPs technique to systematically reveal the multistage cognitive and neural mechanisms through which service agent type (Human vs. AI) and language style (Humorous vs. Rational) influence passenger satisfaction with service recovery. Behavioral results show that human agent and humorous language style individually lead to higher satisfaction ratings. A significant interaction effect was observed: satisfaction was highest when human agent was paired with humorous language style, whereas it was lowest when AI agent used rational language style. This finding clarifies a boundary condition for strategy effectiveness. Specifically, in emotionally sensitive service-recovery contexts, AI agent employing standardized, rational language style can amplify their perceived "emotional deficit," thereby increasing the risk of triggering algorithm aversion23,24.
The neural-level ERPs data provided a millisecond-resolution temporal analysis of this decision process. During the early conflict monitoring stage (approximately 150-200 ms post-stimulus), the rational language style elicited more negative N2 amplitude than the humorous language style. This suggests that the rational language style triggered early cognitive conflict due to its mismatch with users' emotional expectations25-27. In the subsequent mid-term emotional evaluation stage (approximately 250-300 ms), the rational language style elicited more negative Feedback-Related Negativity (FRN). This reflects its rapid evaluation by the brain as a form of negative social feedback28,29. Finally, in the late cognitive integration stage (approximately 300-400 ms), the P300 component exhibited a complex modulation pattern. More positive P300 amplitude was elicited by human agent compared to AI agent, indicating a higher level of social motivational appraisal for human agents30. Interestingly, the rational language style also evoked a more positive P300 than the humorous style. This likely indicates the allocation of additional cognitive resources by the brain to resolve the conflict established in the earlier stages31.  Most critically, the interaction effect observed in the P300 amplitude clearly reveals a dual mechanism. The combination of human agent with humorous language style produced the largest P300 amplitude, reflecting a positive integration of motivational signals. Conversely, the pairing of AI agent with rational language style superimposed a "lack of social attributes" onto existing "emotional conflict." This forced the brain to consume substantial cognitive resources for processing and integration, ultimately resulting in the lowest behavioral satisfaction ratings32,33. Together, these findings support the construction of a three-stage neurocognitive processing model. This model progresses sequentially from early conflict detection, to mid-term emotional evaluation, and finally to late motivational and cognitive integration. It elucidates that user satisfaction arises from the brain's dynamic weighing of social attributes and emotional value across distinct temporal processing windows.
The ERPs methodology adopted in this experimental protocol offers distinct methodological advantages for investigating rapid socio-cognitive decision-making, such as service recovery. Compared to traditional questionnaire-based methods, ERPs provide millisecond-level temporal resolution and objective physiological measures. These features effectively circumvent the social desirability bias and memory errors inherent in retrospective self-reports, thereby directly revealing consumers' immediate and unconscious internal processing9,34. Relative to functional near-infrared spectroscopy, ERPs hold an absolute advantage in temporal resolution. This capability allows for the clear separation of sequentially occurring cognitive stages—including conflict monitoring, outcome evaluation, and cognitive integration—which unfold within a few hundred milliseconds35. When compared to functional magnetic resonance imaging (fMRI), ERPs, while somewhat inferior in spatial localization precision, possess extremely high temporal resolution, lower cost, less stringent experimental environment requirements, and greater tolerance for participant movement. These characteristics make the ERPs method more suitable for social interaction simulation studies that involve natural reading, button-press responses, and a large number of trials8,36. This experimental protocol is designed to enhance reproducibility, precision, and experimental control. Reproducibility is achieved through standardized stimulus materials, strict adherence to the International 10-20 system for electrode placement, and a clearly defined impedance control threshold (<10 kΩ). Precision is ensured in two key aspects. First, photoelectric synchronization provides millisecond-level temporal locking between stimulus presentation and EEG recording, forming the foundation for analyzing the temporal dynamics of ERPs. Second, the S1-S2 experimental paradigm allows for the precise attribution of neural responses to specific cognitive events. Experimental control is maximized through a highly standardized laboratory environment, consistent verbal instructions, and a uniform task procedure. These measures minimize interference from extraneous variables. Collectively, these methodological designs ensure the high reliability of the acquired neural data and the validity of the conclusions drawn. The protocol thus provides a refined research tool for service recovery studies that balances ecological validity with strong internal validity.
The successful implementation of this protocol relies on a series of meticulously designed and rigorously executed key steps. Any deviation in these procedures may directly compromise the signal-to-noise ratio of the data and the reliability of the final conclusions. First, the standardization of stimulus materials and experimental procedures forms the cornerstone of internal validity. This includes pre-test screening of service failure scenarios, balancing the length and emotional valence of textual content, and using professional software to ensure strict uniformity in the size, brightness, and contrast of all visual stimuli. Second, stringent quality control during EEG data acquisition is essential for obtaining reliable neural signals. Precise placement of the electrode cap according to the International 10-20 system, with the CZ electrode accurately positioned at the vertex, is a prerequisite for consistent spatial registration. Furthermore, reducing and stabilizing the impedance of all electrodes below 10 kΩ prior to the experiment is a critical step for acquiring high-fidelity raw signals and suppressing mains frequency interference. Finally, temporal precision and precise event-locking are central to the value of the ERPs method. We ensured millisecond-level synchronization between visual stimulus presentation and the EEG recording system through E-Prime programming and photoelectric synchronization equipment. This precise timing is fundamental for the subsequent analysis of rapid cognitive components such as the N2, FRN, and P300 within their specific time windows. Collectively, these critical steps establish the reproducibility framework of the present methodological protocol. During the pilot phase, the researchers thoroughly validated and practiced these procedures. This process resulted in the formulation of a standardized operating protocol.
The acquisition of high-quality ERPs data in this study relies on stringent control over the following key experimental procedures. Researchers should note that operational deviations at any stage may introduce systematic noise or artifacts, compromising the validity and reliability of the results. Therefore, effective troubleshooting centers on ensuring strict adherence to standardized protocols at every step. First, Stimulus Timing and Presentation Control37. ERPs research depends on precise temporal locking to stimulus events. This experiment used E-Prime for programming and ensured millisecond-level synchronization between stimulus presentation and the EEG recording system via a photoelectric coupler38. Common issues include: asynchronous stimulus presentation, and deviations in actual presentation duration due to unstable screen refresh rates. Before the main experiment, conduct timing verification to confirm that visual stimulus durations match the programmed settings. Employ a high-refresh-rate monitor with vertical sync disabled, or implement direct timestamping within the program to mark the actual onset time. Second, Electrode Placement and Positioning. Accurate and consistent electrode placement is fundamental for the spatial interpretability of ERPs components39. This study strictly adhered to the International 10-20 system for positioning the 64-channel electrode cap. Common problems include: misalignment of the cap and poor contact between individual electrodes and the scalp. To troubleshoot and resolve these, ensure during placement that the midline electrodes align with the nasion-inion line. Before epoching and during the recording, inspect the waveform of all channels; apply interpolation to replace electrodes with persistently poor contact. Third, Electrode Impedance Control. Low impedance is a prerequisite for acquiring high-quality raw signals40. This study required all electrode impedances to be reduced below 10 kΩ. Common issues include: signal attenuation and increased power-line interference due to high impedance, and elevated common-mode noise from impedance imbalances. Therefore, after applying conductive gel and before starting the experiment, monitor the impedance of all electrodes in real-time using the recording software. For electrodes with high impedance, reapply gel or gently adjust the scalp to improve contact. Ensure that the reference and ground electrodes also meet the impedance requirements. In summary, the reliability of ERPs data is fundamentally grounded in rigorous experimental execution and real-time monitoring. It is recommended to conduct thorough testing and systematic troubleshooting of the aforementioned aspects during the pilot phase to establish a standardized operational procedure. This ensures that the data from the main experiment are suitable for making robust neuroscientific inferences.
Although this study provides important insights into the roles of service agent type and language style in ride-hailing service recovery, some limitations exist. First, the participants were primarily from a single cultural background, which may limit the generalizability of the findings. For example, while humorous language performed well among Chinese passengers in this study, the interpretation and acceptance of humor in service recovery may differ across cultures41,42. In some Western cultures, a more direct and rational communication style might be preferred, and humor could be perceived as unprofessional or not serious enough. Future research could expand the sample to include passengers of different ages and cultural backgrounds to explore variations in responses. Second, individual differences in personality traits, such as agreeableness, conscientiousness, and neuroticism, might also affect passenger responses. For instance, highly agreeable passengers might be more forgiving of service failures regardless of the recovery strategy. Future studies should incorporate personality assessment tools, such as the Five-Factor Inventory (FFI), to explore the mediating role of personality43. Furthermore, this study focused on written language, neglecting the importance of non-verbal cues in voice interactions. As voice interaction features become more common in ride-hailing services, future research could incorporate non-verbal elements like tone, speech rate, and intonation, which can significantly impact passenger emotions and satisfaction44. Finally, future studies could also examine other user experience metrics, such as trust, willingness to recommend, and long-term loyalty, to construct a more comprehensive evaluation system for ride-hailing services45.
Despite these limitations, this study offers valuable insights into the neurocognitive mechanisms of how agent type and language style affect service recovery choices. By combining behavioral and neuroscientific methods, it reveals the neurophysiological differences in response to human and AI agents using different language styles, providing a theoretical basis and practical guidance for optimizing service recovery strategies. Future research needs to further validate these findings in a broader context. Through ongoing research and practical exploration, the improvement of service quality and sustainable development in the ride-hailing industry can be better promoted, providing passengers with higher quality and more personalized service experiences.
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