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Abstract:
Background: Vaccine hesitancy, identified by the World Health Organization as a top ten global health threat, presents a significant barrier to public health efforts, exacerbated by the politicization of vaccines during the COVID-19 pandemic.1 Motivational interviewing (MI) has been shown to be effective in addressing difficult topics, including vaccine hesitancy, emphasizing the need for its integration into medical education.2
Objective: This study explores ways to enhance the medical student curriculum on MI, specifically targeting the management of conversations with vaccine-hesitant patients. These authors seek to evaluate the impact of different teaching approaches on the efficacy of MI training within clinical education.
Methods: A blinded study design was implemented, comparing two groups of medical students trained using distinct MI teaching methods: Learning Through Experience (LTE) and Traditional Teaching (TT). The LTE group engaged with a Vaccine Hesitant Standardized Patient (VHSP) before and after an instructional module on the use of MI to combat vaccine hesitancy. In contrast, the TT group interacted with a control Standardized Patient (SP) before the same module and then with the VHSP. Any medical student above the age of 18 was eligible for this study. All students in a vaccine elective at RVUCOM on the Colorado and Utah campuses were enrolled, as well as student volunteers. We excluded any students who opted out of the study. The effectiveness of each method was assessed through confidence and performance scores derived from participant self-evaluations and standardized patient feedback, respectively.
Results: Participants in the TT group demonstrated superior mastery of MI skills as taught in the didactic session based on statistically significant findings across more tested variables. The LTE group exhibited enhanced ability in practical applications with standardized patients based on statistically significant findings. Both groups showed increased confidence in MI techniques, with the LTE group reporting greater confidence in vaccine knowledge and MI abilities. That said, the LTE method did not drastically outperform the TT approach in overall efficacy. 
Conclusions: The study indicates that while traditional TT training effectively imparts MI skills, the LTE approach may offer benefits in applying these skills in clinical scenarios. These findings suggest the potential for integrating multiple teaching methods into the medical curriculum to better prepare students for engaging with vaccine-hesitant patients. Further research is needed to explore the long-term effects of these teaching strategies on student performance and patient outcomes.
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Introduction
In the contemporary healthcare landscape, Vaccine Hesitancy (VH) has emerged as a critical challenge, undermining public health achievements and the global fight against infectious diseases. This phenomenon, characterized by a reluctance or refusal to vaccinate despite the availability of vaccines, affects millions globally, with the World Health Organization (WHO) identifying VH as one of the top ten threats to global health.1 The resurgence of preventable diseases, evidenced by recent measles and whooping cough outbreaks, underscores the urgency of addressing VH.3 In the past, there has been a period of vaccine enthusiasm followed by declination as herd immunity increases.4 However, during the peak of the COVID-19 pandemic, nurses reported that less than two-thirds of individuals reported intent to receive the vaccine when it was released.5 Such trends not only pose a direct threat to individual health but also jeopardize herd immunity, facilitating the spread of infections among unvaccinated and vulnerable populations. 
Vaccine hesitancy is a complex topic influenced by many factors. Misinformation, distrust in healthcare systems, and cultural beliefs all contribute, necessitating a nuanced, empathetic approach to vaccine promotion.4 While hesitancy is not novel, our approach to addressing it is. Motivational Interviewing (MI) is a patient-centered, dialogue-based method of enhancing intrinsic motivation to change attitudes by exploring and resolving ambivalence and resistance to change with empathy, reinforcing the patient’s ability to overcome their own barriers to change.6,7 Although originally developed for substance use management in talk therapy, MI was quickly determined to be widely applicable across many fields.8 The versatility of this method is demonstrated by the OARS acronym—Open questioning, Affirming, Reflective Listening, and Summarizing.6 By fostering an environment of empathy and mutual respect, this nuanced approach facilitates a collaborative partnership between care providers and patients, prioritizing patient autonomy and supportive guidance over directive interactions.9 By exploring a patient’s desire for change with compassion, personal motivation is strengthened, increasing the likelihood that the patient will follow through.6 Central to MI's efficacy is its ability to bridge the gap between a patient's current state and their preferred behavioral outcomes, presenting a promising strategy for addressing a complex topic such as VH.2,9 
MI offers a structured yet flexible methodology to navigate the complexities of vaccine deliberations effectively.2 By strategically exploring a patient's knowledge and concerns, MI positions itself as an indispensable tool within healthcare settings, demonstrating substantial success in mitigating vaccine hesitancy and enhancing patient engagement in health decisions. Additionally, MI can be accomplished briefly, making it ideal for healthcare settings.9 Although this intervention takes little time away from a patient visit, it requires a well-trained practitioner to be most successful.
Teaching MI to emerging healthcare professionals presents a strategic approach to address VH by capitalizing on a critical period of skill acquisition.10 Medical education provides an ideal setting for teaching MI techniques, as it aligns with the foundational goal of nurturing empathetic, patient-centered practitioners capable of navigating complex patient interactions.11 By integrating MI into the curriculum, future healthcare providers would be equipped with a valuable communication toolkit designed to engage vaccine-hesitant individuals effectively. This educational strategy ensures that the next generation of medical professionals is adept at fostering trust and openness, which is essential for addressing VH and promoting public health initiatives.6 Through hands-on training, simulations, and reflective practice, medical students can learn to apply MI principles in real-world contexts, preparing them to contribute positively to patient outcomes and vaccine uptake from the outset of their careers.10
Incorporating MI for VH into the curricula of medical schools presents a multifaceted challenge, emblematic of the broader difficulties in adapting medical education to address emergent public health crises.12 First, the nuanced skills required for effective MI, such as empathy, active listening, and fostering a nonjudgmental dialogue, are inherently difficult to teach using only traditional lecture-based formats.12 These skills necessitate experiential learning opportunities, which can be resource-intensive to provide on a scale required for medical students. Furthermore, medical schools are already grappling with overcrowded curricula, making integrating comprehensive MI training a logistical puzzle.12 Adding to the difficulty is the need for faculty development; educators must be proficient in MI to teach it effectively, requiring additional training and time that may be challenging to organize. Lastly, there is a pressing need for educational content to be evidence-based and dynamically updated to reflect the latest research and best practices, necessitating ongoing curriculum evaluation and revision.12 While necessary to equip future physicians with the tools needed to combat VH effectively, an educational paradigm shift such as this one requires significant investment, innovation, and commitment at all levels of medical education.
In response to the challenge of vaccine hesitancy as well as need for enhanced communication skills among medical professionals, this study explores the efficacy of various instructional methods in teaching motivational interviewing (MI) within the medical curriculum. Medical education could be enriched by integrating more effective MI training and assessing how varied teaching approaches can influence the quality and effectiveness of future clinicians' interactions with vaccine hesitant patients. These authors aim to discern which pedagogical methods most significantly impact students' learning outcomes, confidence, and practical skills in MI to set a foundation for improving communication strategies that will enhance patient care and the success of public health initiatives.


Methods
Study Design and Participants
This blinded study was designed to evaluate the effectiveness of two instructional methods— Learning Through Experience (LTE) and Traditional Teaching (TT)—in teaching medical students motivational interviewing (MI) techniques in the context of vaccine hesitancy. Participants were first and second-year osteopathic medical students at Rocky Vista University College of Osteopathic Medicine, randomly assigned to one of the two groups. 
Participants were first and second-year osteopathic medical students at Rocky Vista University College of Osteopathic Medicine (RVUCOM) on the Colorado and Utah campuses, randomly assigned to one of the two groups. 
Inclusion and Exclusion Criteria
To design our project, we performed a literature review of around using key terms such as Motivational Interviewing (N = 13), Vaccine Hesitancy (N = 9), Education (N = 4), Vaccine Acceptance (N = 2), Vaccine Confidence (N = 2), COVID-19 (N = 6), Communication (N = 7) and Health Knowledge, Attitudes, Practice (N = 5). Most of the literature used to design this project is from 2018-2024, except one referenced article from 2004. These key terms were searched as single terms and with the use of Boolean operators using PubMed, Google Scholar, and EBSCO.
Any medical student above the age of 18 was eligible for this study. Specifically, all students in a vaccine elective at RVUCOM on the Colorado and Utah campuses were enrolled as part of the course, as well as student volunteers. We excluded any students who opted out of the study.
Intervention
Participants in the LTE group first interacted with a Vaccine Hesitant Standardized Patient (VHSP) before participating in a didactic module on vaccine hesitancy and MI techniques. Following this module, they were re-exposed to the VHSP to apply learned skills. In contrast, the TT group engaged with a control standardized patient (SP) engaging in the module and performing an interaction with the VHSP (Figure 1).

(INSERT FIGURE 1)


Figure 1: SP Exposure Design. All students were selected randomly to either be a part of the TT group (the upper portion of the graphic) or the LTE group (the lower portion of the graphic) to determine the effectiveness of each teaching method in the context of approaching vaccine hesitancy using MI.
Data Collection
Data were collected using two primary measures:
[bookmark: _Int_zWRY4XFP]Confidence Scores: A 22-item survey assessed participants' confidence across seven themes, including vaccine hesitancy experience, vaccine knowledge, MI support, MI hinderance, vaccine hesitancy skills, and vaccine recommendation confidence. Responses were quantified using a Likert scale ranging from 0 (not confident) to 4 (very confident) (Appendix 1, Table 4). 
Performance Scores: A 21-item checklist derived from the Interprofessional Simulation-Based Education rubric used by Rocky Vista University for grading Standardized Patient encounters was categorized into seven themes, including opening the discussion, gathering information, investigation, providing information, acknowledgement, providing closure, professionalism, and negative behaviors. Standardized Patients (SPs) rated participants on these items with scores of either 0 (not performed), 0.5 (partially performed) or 1 (performed effectively) (Appendix 1, Table 5).
Statistical Analysis
Confidence and performance scores were analyzed to compare the effectiveness of the LTE and TT instructional methods. Comparisons were made using mean scores for each theme between groups. Confidence and performance scores were also analyzed to compare the LTE instructional group before and after the introduction of the vaccine hesitant module. Statistical significance was determined using paired and unpaired t-tests with a p-value < 0.05 considered statistically significant.

Ethical Considerations
This study was approved by the Institutional Review Board (IRB) of Rocky Vista University College of Osteopathic Medicine, with protocol number 2022-173. All participants provided informed consent before participation, with the assurance of confidentiality and the right to withdraw at any time without penalty.

Results
The study enrolled 36 participants randomly assigned to either the LTE group or the TT group. The demographic makeup of the population by academic year and program is shown in Figure 2.


(INSERT FIGURE 2)


Figure 2: Demographics of each population teaching intervention in teaching MI in the context of vaccine hesitancy. MSBS refers to students in the Master's in Biomedical Sciences program while OMS-I and OMS-II refer to students in the Doctor of Osteopathic Medicine program Year 1 and Year 2.

In comparing these two different teaching methods using Performance Scores by themes, the TT group had significantly higher mean performance scores in Opening Discussion, and Providing Information, while the LTE group had significantly higher scores in Acknowledging Patient Concerns but exhibited a significantly higher number of Negative Behaviors (Table 1). 

(INSERT TABLE 1)

Table 1: SP performance scores between TT and LTE teaching methods. All increased results are denoted with a “*” next to the higher value in comparing the two groups. All statistically significant increased values are denoted with a “**” along with their respected KWPV < 0.05.

Comparing the students' self-evaluations in their confidence of using MI in the context of vaccine hesitancy across teaching groups revealed the LTE group significantly reporting greater support in MI usage, but interestingly, they also revealed greater confidence in utilizing Vaccine Hesitancy Key Skills (Table 2).

(INSERT TABLE 2)


Table 2: Confidence survey scores between TT and LTE teaching methods. All significantly increased results are denoted with a “*” next to the higher value in comparing the two groups. A “**” reflects statistically significant results in the values and the respected KWPV < 0.05.

When analyzing the SP performance scores during the timeline of the LTE intervention, it was found that the scores between the first and second SP were insignificantly different before completing the intervention compared to after completing the intervention with the exception of the LTE group having a significantly higher score in Providing Information to prior to completing the entire teaching intervention (Table ). 
(INSERT TABLE 3)

Table 3: SP performance scores of before completing the LTE teaching method and after completion of the LTE teaching method. All increased results are denoted with a “*” next to the higher value in comparing the two groups. All statistically significant results are denoted with a “**” along with their respected P-value < 0.05.

Discussion
This study embarked on evaluating two pedagogical approaches—the TT method and the novel LTE method —within the context of motivational interviewing (MI) education in addressing vaccine hesitancy. Despite their conceptual differences, the study revealed that the LTE method did not outperform the established TT method unequivocally. Instead, each approach yielded distinct advantages in enhancing medical students' competencies and confidence in engaging with vaccine-hesitant individuals.
The TT group demonstrated a robust acquisition of MI skills as imparted through didactic sessions, affirming the value of direct instruction followed by practice. Conversely, the LTE group excelled in applying these skills in practical settings, notably in standardized patient (SP) interactions. This suggests that initial exposure to a challenging scenario such as vaccine hesitancy may prime students for a deeper engagement with subsequent educational content, potentially due to heightened relevance and immediacy.
However, the LTE approach's mixed results on subsequent MI skill application point to the complexity of learning and applying these nuanced communication techniques. While LTE participants showed greater confidence in MI abilities and vaccine knowledge, this did not consistently translate into superior skill execution compared to their TT counterparts. Such findings invite further discussion into the interplay between confidence, knowledge, and skill mastery in clinical education.
Several factors could account for the observed outcomes. Initial negative encounters in the LTE group, variations in baseline competency among SPs, and demographic differences within the groups might have influenced the results. Notably, the study's design allowed for comparing each group's performance over time, revealing nuanced improvements in SP navigation and MI technique application. Despite these insights, the study is not without limitations. The sample size, subjective nature of performance assessments, and variability in SP training across sites may affect the generalizability and interpretability of the findings. Future research endeavors could broaden the dataset, apply this study model across diverse MI applications, and assess the long-term retention and use of MI skills in clinical practice.
While the TT method sustained its efficacy in imparting MI skills, the LTE method offered valuable insights into the dynamics of learning and applying these skills in real-world scenarios. This study underscores the promise of diversified instructional strategies in medical education, especially as educators seek to equip students with the competencies needed for effective patient communication in an era marked by vaccine hesitancy and other public health challenges.
[bookmark: _Int_Uu2I5J18]Moving forward, refining and expanding upon these educational models is imperative, ensuring that future healthcare professionals can navigate the complexities of patient interactions with empathy, skill, and confidence. Exploring additional innovative teaching methods and integrating longitudinal assessments into medical curricula could further enhance the effectiveness of MI training and its impact on patient care outcomes.

Conclusions
The comparative evaluation of the TT and LTE methods in the instructional domain of motivational interviewing (MI), particularly with a focus on vaccine hesitancy, has elucidated that each method brings valuable perspectives to the educational experience. While the TT method reaffirmed its efficacy in grounding students in MI theoretical frameworks and skills, the LTE method illuminated the importance of experiential learning, highlighting an enhanced capacity for students to apply MI techniques in patient interactions.
The nuanced differences between these approaches emphasize a broader pedagogical principle: integrating diverse teaching methodologies can enrich medical education, particularly in fields requiring complex interpersonal skills such as MI. This study suggests that a hybrid educational model, leveraging the strengths of both TT and LTE methods, could offer a more comprehensive learning experience, equipping students with the theoretical knowledge and practical expertise necessary for effective patient communication.
Furthermore, the divergence between self-assessed confidence and demonstrated competence in the LTE group points to an essential aspect of medical training—the need for educational strategies that build confidence and accurately reflect students' abilities. This observation advocates for ongoing assessment and feedback mechanisms that help students calibrate their self-perceptions with objective performance metrics.
Looking forward, the findings from this study advocate for continued exploration and innovation in MI education. There is a clear indication to investigate how these teaching methodologies can be adapted and applied across various medical education contexts to address a range of public health challenges, including but not limited to vaccine hesitancy. Expanding upon the foundational insights provided by this investigation, subsequent studies could explore a more comprehensive array of instructional designs, engage larger and more diverse participant samples, and assess the long-term impact of different MI teaching methods on clinical practice and patient outcomes. 
This study contributes to the ongoing dialogue on how best to prepare medical students for the complexities of modern healthcare. As vaccine hesitancy and other public health concerns continue to challenge the medical community, the role of effective communication—rooted in empathetic, patient-centered care—cannot be overstated. The journey to refine and enhance MI education is critical in this context, offering a pathway to improved patient engagement, trust, and health outcomes.
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Appendix 1

(INSERT TABLE 4)

Table 4: Questions posed to students before and after interacting with a vaccine-hesitant standardized patient. Responses to the questions included “not confident at all, somewhat confident, mostly confident, confident, and very confident.” Responses were converted to a numerical value on a Likert scale to determine quantitative differences between groups and across time.



(INSERT TABLE 5)

Table 5: Questions used to evaluate students on their interactions of the vaccine hesitant standardized patient interaction. Trained actors evaluated student performances as “student did not perform, partially performed, or performed effectively” for each action stated in the questionnaire. Responses were converted to numerical values of 0, 0.5, and 1 respectively to determine quantitative differences. Actions that were “partially performed” were given feedback by the standardized patient that has been removed from this study.
