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Introduction

Classical lecturing, which is teacher-centered, mainly involves passive auditory and visual memorization and lacks interactivity. For this reason, in-class courses are deserted by medical students who tend to find it more beneficial to study in books and through online material.

However, many studies have highlighted the positive value of innovative teaching methods that are interactive and student-centered. A recent meta-analysis compared 158 studies of student performance under active learning with 67 studies under traditional lecturing. It demonstrated that active learning increases both performance and motivation, and decreases failures [START_REF] Freeman | Active learning increases student performance in science, engineering, and mathematics[END_REF]. For this reason, innovative and interactive teaching methods should be developed.

Various interaction tools are available to improve students' learning performances and motivation such as mime, simulation, and games. Amongst them, gaming is of particular interest because it induces a pleasant and friendly emotional context that improves motivational attention [START_REF] Bourgeois | How motivation and reward learning modulate selective attention[END_REF] and academic achievements [START_REF] Pekrun | Achievement Emotions and Academic Performance: Longitudinal Models of Reciprocal Effects[END_REF]. Additionally gaming allows the teacher who supervises the sessions to immediately catch the errors and correct them.

Memorization can be increased by a positive emotional context, but also by the repetition of the information to be acquired, and by the use of different sensory inputs. Four main sensory inputs are involved in learning: i) visual (graphs, diagrams, figures etc ...), ii) oral/hearing (speech, presentation, discussion), iii) reading/writing, and iv) kinesthetic (by the realization of an action) [START_REF] Urval | Assessment of learning styles of undergraduate medical students using the VARK questionnaire and the influence of sex and academic performance[END_REF]. Each individual, and therefore each student, develops a learning preference [START_REF] Urval | Assessment of learning styles of undergraduate medical students using the VARK questionnaire and the influence of sex and academic performance[END_REF]. Offering different learning modalities can increase the probability of reaching the greatest number of students. Moreover, combining various sensory inputs is particularly interesting, since people learn 10% of what they read, 20% of what they hear, 30% of what is shown and 90% when what is said and done are combined [START_REF] Dale | Audiovisual methods in teaching[END_REF][START_REF] Kennedy | PD trivia: Making learning fun[END_REF].

The "Hat Game" is a traditional game, which most people know, notably because various versions have been marketed. We thought that the "Hat Game" would be an interesting tool to learn neurological semiology since it involves speech, hearing, sight and kinesthesia through reading and mime. All these various modalities reinforce the encoding of information in an active way since the students themselves are the protagonists [START_REF] Bays | Gaming Versus Lecture Discussion: Effects on Students' Test Performance[END_REF][START_REF] Gurpinar | Do learning approaches of medical students affect their satisfaction with problem-based learning?[END_REF][START_REF] Kedge | Promoting a culture of curiosity within nursing practice[END_REF][START_REF] Konopka | Active Teaching and Learning Methodologies: Some Considerations[END_REF].

Hence, we we developped a neurological version of the "Hat Game" and assessed how it influences learning and memorization of neurological semiology in second-year medical students.

Material and Method

Students

We proposed the "Neurology Hat Game" to second-year medical students (Faculty of Medicine of Sorbonne University) who are learning neurological semiology. Neurological semiology can be easily described and mimed and is therefore suitable for this kind of game.

Dr. M-C Renaud (senior advisor to the Dean and vice-dean at the Coordination of Studies and Internships) generated an online interactive board to propose to all second-year medical students to participate in this teaching. This has been integrated in a revision period of the neurological semiology in addition to their usual lecture courses.

Groups of 12-14 students were scheduled every morning for one week in March 2017 to form teams of 6-7 students per group. Each group was supervised by a neurologist (B.D., M.M., L.L.M., A.M., F.C. and C.D.).

The Neurological Hat Game

We used a deck of 67 cards (see Video 1). A neurological symptom or sign was written on each card (see Appendix 1). This card game was designed by B.D. and all words were reviewed and validated by two colleagues (E.R. and B.G.). The objective of the game was to guess as many words as possible in a short period (i.e. less than 1.5 minutes).

There are three rounds:

-In the first round, a member of one of the two teams (the clue-giver) has to make his team-mates guess the maximum number of words using any and as many descriptive terms as he wants in less than 1.5 min. Once this time is elapsed, a member of the opposing team starts trying to make his team guess the remaining cards of the deck, and so on, until there are no more cards left. The team that wins the most cards wins the first round.

-During the second round, the same deck of cards is used and students proceed in the same way but the clue-giver can give only one word to make his teammates guess which word is on the card. The team that wins the most cards wins the second round.

-The third and final round is similar in principle, but students have to guess the words through a mime. At the end of the three rounds, the team that has guessed the most words wins.

To complete this playful revision of semiology, there was an open discussion about the symptoms or signs that remained problematic to some students between the first and second rounds. At the end of the game, there was a quick review of all semiology words that were on the cards.

The whole session lasted approximately 120 minutes, including the debriefing session that lasted for 20 to 40 minutes depending on the students' level of knowledge.

Assessment

We obtained the authorization from the Council of Studies of the Faculty of Medicine Paris 6

to propose this teaching. In addition, all students received an information about the teaching, and all gave their informed written consent to participate in the study.

As a first step, we assessed the benefit of this teaching through 43 Multiple Choice Questions (MCQs) about neurological semiology. MCQs were proposed in two sessions. First, before the game, students had to answer to MCQs. Then, after the game, they were given the 43 MCQs again, but in a different order (see Appendices 2 and 3). Only fully correct MCQs were counted as valid (1 point per MCQ), and students were given a limited time of 15 minutes to complete the MCQs.

In order to assess the value of such teaching, we also proceeded to a satisfaction survey that was completed after the second MCQs session (see appendix 4). This survey included 8 questions, and responses were given according to a 5 choices scale of Likert (1. Strongly agree, 2. Agree, 3.

Neutral, 4. Disagree, 5.

Strongly disagree).

The whole session including the two MCQs' sessions, the game itself, the teaching period and the satisfaction questionnaire completion lasted about 2.5 hours. Finally, we compared the neurological semiology exam's scores obtained by the 112 students who participated in the Neurological Hat Game (NHG) to the non-participating students. The exam took place two weeks after completing the NHG.

Statistical analysis

The data are expressed as mean ± standard deviation (SD), percentage. T-tests or paired t-tests were used for statistical analysis. Analyses were performed on Sigmastat software (https://systatsoftware.com/products/sigmastat/).

Results

Students

Out of 373 second-year medical students, 121 (32.4%) registered to the Neurological Hat Game teaching. Of those, 112 students took part in the teaching (9 were absent). Eighty-two participants were women (73%). Ten sets of 9 to 13 students were formed and each group was divided into two teams.

MCQs results

Of the 112 students, 107 completed the MCQs before and after the game. Four students did not complete the MCQs because they arrived late (after the completion of the MCQs before the game) and one student had to leave before completing the MCQs after the game.

Before the game, the mean (± SD) MCQs score was 8.44 (± 4.34). The mean (± SD) MCQs score after the game significantly increased to 15.56 (± 5.8) points (p <0.001, N = 107, Fig. 1). Only seven students had a mark greater than or equal to 15 before the game as compared to 55 students after the game. All students improved except one student who regressed and two students with steady marks.

Satisfaction survey

All of the 112 attending students completed the satisfaction survey immediately after the game except for the student who had to leave before the end of the session and who sent his evaluation later by email. This corresponded to a total of 896 responses. All eight questions obtained a median response of 1, with mean responses below 1.4 for all questions (see Table 1). Only 21 out of 896 responses were given a score above 2 by 10 students. Amongst these questions. Notably, all students agreed that the exercise was playful (3 agreed, and 109 strongly agreed).

Grades on the Neurology exam

The 

Discussion

This study shows that the neurological hat game can be used to teach neurological semiology.

This playful method allows an overview of the main neurological signs, symptoms, and syndromes in a short period and in a fun way. Students who played the NHG increased their marks on the day of the game but also a few weeks later at the final neurological semiology exam as compared to students who did not participate in the NHG.

Neurological semiology is considered by a majority of students as difficult to master, and medical students are considerably neurophobic [START_REF] Pakpoor | National survey of UK medical students on the perception of neurology[END_REF]. Anxiety has a negative impact on attention, memory and metacognition [START_REF] Arnsten | Stress weakens prefrontal networks: molecular insults to higher cognition[END_REF]. On the contrary, it has been shown that positive mood is associated with better memorization [START_REF] Bäuml | Positive moods can eliminate intentional forgetting[END_REF], and students who have a high interest in and enthusiasm for a subject have better grades [START_REF] Augustyniak | Intrinsic motivation: an overlooked component for student success[END_REF][START_REF] Cortright | Higher levels of intrinsic motivation are related to higher levels of class performance for male but not female students[END_REF]. Playful teaching methods are of particular interest for neurological semiology to remove the anxiety associated with this discipline, and to increase motivation [START_REF] Roze | The Move", an innovative simulation-based medical education program using roleplay to teach neurological semiology: Students' and teachers' perceptions[END_REF][START_REF] Vérin | The move: When neurosciences teach us to better teach neurosciences[END_REF]. In this study, the satisfaction survey showed that students were very satisfied with the teaching approach. All students agreed that the teaching method was playful. The playful aspect induces a positive emotional context that stimulates memorization [START_REF] Giannakos | Enjoy and learn with educational games: Examining factors affecting learning performance[END_REF], possibly through the involvement of mesocorticolimbic emotional circuits [START_REF] Adcock | Reward-motivated learning: mesolimbic activation precedes memory formation[END_REF][START_REF] Wittmann | Reward-related FMRI activation of dopaminergic midbrain is associated with enhanced hippocampus-dependent long-term memory formation[END_REF].

The hat game involves four learning modalities: reading, hearing, gesture and vision. This multimodal learning is also of particular interest for students who have a predominantly multimodal learning preference, especially of the oral and kinesthetic types [START_REF] Urval | Assessment of learning styles of undergraduate medical students using the VARK questionnaire and the influence of sex and academic performance[END_REF]. It is also in agreement with the hub-and-spoke model of semantic cognition, which suggests that multimodal, sensorimotor, cognitive and emotional engagement are the core 'ingredients' for constructing concepts [START_REF] Ralph | The neural and computational bases of semantic cognition[END_REF]. Additionally, the hat game requires the repetition and categorization of information through two different modalities (language and sight). The mime (gesture), as practiced during the third round of the hat game, previously showed effectiveness on memorization not only in the short term but also in the long term [START_REF] Cook | Gesturing makes learning last[END_REF][START_REF] Worbe | Miming neurological syndromes improves medical student's long-term retention and delayed recall of neurology[END_REF].

Here, we showed that students who participated in the NHG had better results in the final exam compared to those who just completed the faculty courses. This indicates a benefit of this teaching on short-term memorization [START_REF] Roze | The Move", an innovative simulation-based medical education program using roleplay to teach neurological semiology: Students' and teachers' perceptions[END_REF], but possibly also on longer term memorization.

The hat game has practical advantages. First, it requires very little material since it is only based on the use of cards. Second, most people already know the rules of the game. Third, it can be played anywhere (faculty or ward room, outdoors, or at home). Therefore, this lowcost interactive teaching could easily be implemented in any University worldwide, even in resource-constrained teaching environments.

Despite the positive results, there are some limitations to our study. First, participation was based on volunteering, which could represent a major selection bias. Motivated and hard-working students may have been more likely to participate, which might eventually accountat least in part -for group difference in the performance at the final examination.

Alternatively, the students having difficulties with learning neurology and seeking a way to overcome it may have been more prone to participate. A randomized study on a whole year group of students would be necessary to answer this question. Second, the control group did not have an additional lecture in order to compare the NHG to a classical supplementary teaching. Additionally, the neurological semiology exam was performed only two weeks after the teaching. An assessment of knowledge at a longer term would be necessary to determine the impact of the NHG on long-term memorization. It would also be useful to determine how this improved knowledge is converted into practical proficiency.

In conclusion, the neurological hat game seems to be an interesting educational approach considering both the improvement of students' performances after the course and their feedback from the satisfaction survey. These promising results require confirmation via a randomized controlled study conducted on an entire school year.

Captions to illustrations:

Figure 1. Distribution of students' marks before (red) and after (blue) the Neurological Hat Game (NHG). There was a significant improvement in performances after the NHG.

X axis: subsets of scores obtained in MCQs; Y axis: absolute number of students within each subset. 

  final exam scores of the 112 students (group 1) who participated in the NHG were compared to those obtained by the 259 students (group 2) who did not participate in the NHG (in this group, two students were not included because they missed the final exam). None of the group 1 students scored less than 10 (out of 20) while 10 students scored less than 10 in group 2. The average neurology exam score was significantly higher in group 1 than in group 2 (13.65 ± 1.4 vs 13.21 ± 1.7, t-test bivariate, p = 0.016).

Table 1 .

 1 Assessment of students' satisfaction regarding the Neurological Hat Game.

	Abbreviations:	SD:	standard	deviation;	Med:	median
	Responses ranged from 1. Strongly agree, to 5. Strongly disagree.		

6 to 10 11 to 15 16 to 20 21 to 25 26 to 30 31 to 43 Before NHG After NHG Propositions About the neurology hat game: Mean ± SD From 1: strongly agree to 5 strongly disagree

  

	It is playful	1.03 ± 0.16
	Helped to better understand	1.17 ± 0.44
	Helped to better remember	1.30 ± 0.64
	Was helpful for reviewing your upcoming exam	1.24 ± 0.51
	Increased your motivation to learn neurological semiology	1.34 ± 0.63
	Terms are appropriate	1.32 ± 0.56
	Should be repeated in the future	1.07 ± 0.29
	Should be extended to other medical specialties	1.17 ± 0.40

Table 1 .

 1 Assessment of students' satisfaction regarding the Neurological Hat Game.

	Abbreviations:	SD:	standard	deviation;	Med:	median
	Responses ranged from 1. Strongly agree, to 5. Strongly disagree.		
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