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Abstract 

Purpose:  

The latest reform of French medical studies has moved the National Ranking Examination 

before residency to the beginning of the sixth-year for undergraduate medical students, thus 

placing unprecedented workload during the preceding summer. The main objective was to 

determine whether study conditions and psychosocial factors were associated with student 

success in this model of intense workload.  

Materials and methods:  

An online survey designed with six student-partners was sent at a French Medical School 

after the examination in 2023. The primary outcome was student success in achieving their 

main goal (Ranking, Knowledge, Well-being). A machine-learning model (eXtreme Gradient 

Boosting) was developed and explained using Artificial Intelligence. An AI-guided 

multivariate logistic regression was performed, Odd Ratios were calculated.  

Results:  

Out of 123 responses, 75 (61%) of the students achieved their main goal. Motivation and 

socialization during the summer were the two most important variables for predicting student 

success. In guided multivariate logistic regression, summer motivation (Odd Ratio = 4.12, 

95%CI[1.75-10.30]), summer loneliness (Odd Ratio = 0.35, 95%CI[0.14-0.86]), and student's 

main goal (Ranking, Odd Ratio = 2.94, 95%CI[1.15-7.79]) were associated with student 

success.  

Conclusions:  

Motivation and socialization during the summer preceding high-stakes examinations are 

strongly predictive of undergraduate medical students' success. This study highlights the 

importance of well-being during summer for student success.[Box: see text].  

  



Introduction 

 

 

The evolution of teaching methods in medicine is a constant necessity to adapt to new 

academic and professional requirements [1]. The reform of medical studies in France 

introduced new pedagogical methods aimed at improving the learning of undergraduate 

students [2]. Undergraduate medical education in France lasts six years, comprising pre- 

clinical and clinical education. Sixth-year French medical students undergo National Ranking 

Examination granting access to residency. This process is the sole determinant of both the 

specialty and the city in which a student will complete their residency. Until 2023, the 

National Ranking Examination was a written examination planned in June, at the end of the 

sixth academic year. The reform of the medical studies split the National Ranking 

Examination in two parts (Figure 1). The addition of Objective Structured Clinical 

Examinations (OSCE) was the main evolution of the reform of the medical studies [3–5]. 

These OSCE take place in June, simultaneously in each French Medical School. Thus, the 

written test (National Digital Exams, EDN) was advanced to October, at the beginning of the 

sixth academic year. The EDN and the OCSE account respectively for 60% and 30% (with 

the remaining 10% accounting for individual cursus including research, associative, 

professional, or sportive activities), in the new process determining the choice of the specialty 

and the city for sixth-year medical students. Consequently, the EDN is the most decisive 

examination to determine a student’s specialty and the location of their residency, making it 

the most influential examinations in a medical student’s career. 

 

 
 

This new schedule has driven medical students to adapt their working methods. The summer 

between the fifth and the sixth year has become a period of intense workload (Figure 1). The 

working methods that were passed down from one generation of students to the next since the 

birth of the National Ranking Examination in 2004 suddenly became obsolete [6,7]. This shift 

has placed unprecedented pressure on students, making the summer months a critical period 



for both academic preparation and personal wellbeing (Context S1, Electronic Supplement). 

Moreover, Medical Schools and Universities are traditionally closed during the summer. This 

factor limits the available resources to support the students. Little is known about their study 

conditions during this time, including where they study when most universities are closed, 

their access to air conditioning during the hot Southern France summer, and the level of social 

support available at home. 

 

In this context, motivation and socialization become important factors for students to maintain 

their focus and manage loneliness [8,9]. Motivation enables students to sustain their intense 

study schedules [10], while socialization provides support and mitigates the loneliness that 

can arise during this crucial period [11]. Together, these factors play a vital role in 

determining a student’s ability to balance academic demands with personal well-being [10, 

11]. As half of medical students face burnout syndrome during their studies, it is relevant to 

question the impact of this new schedule on their preparation for the EDN [12–14]. 

 

The main objective of this study was to determine the psycho-social factors and study 

conditions associated with student success at a high-stakes examination, defined according to 

their personal goal. Our main hypothesis was that psychosocial factors, namely the level of 

motivation and loneliness experienced by students during the summer preceding the EDN, 

were associated with student success. This study was constructed and conducted with six 

second cycle student partners from the Medical School of Montpellier-Nimes (Montpellier 

University, France), and one student partner (FB) participated in writing the manuscript 

[15,16]. 

 

 

Materials and methods 
 

Study design 

 

This study is a single-center cross-sectional study conducted by distributing an online survey 

to 256 sixth-year medical students at the Medical School of Montpellier- Nimes (University 

of Montpellier) during the 2023–2024 academic year. The survey was sent to students on 

November 30, 2023. To increase exposure, the survey was sent both by email (Medical 

School mailing list) and via social networks. Two reminders were set at 7 and 14 days. This 

survey was retrospectively sent to sixth-year medical students, five weeks after the EDN had 

taken place. The timing was carefully determined in collaboration with student partners: it 

was set after the publication of the ranking, which allowed students to self-assess their success 

or failure based on their personal objectives. It was also sent after the one-month holiday 

period, in order to maximize participation. Based on discussions with student partners, we 

anticipated that the response rate would drop significantly if students were asked to participate 

prospectively during their intensive study period. Students were aware of their results. The 

study was conducted in accordance with the TRIPODþ AI statement for reporting clinical 

prediction models that use regression or machine learning methods [17], and the Artificial 

Intelligence Technology Enhanced Learning (AITEL) checklist (AITEL checklist, Electronic 

Supplement) [18]. 

 

According to Article 2 of Decree No. 2017-884 of May 9, 2017, amending certain regulatory 

provisions relating to research involving human subjects, ‘Research […] aimed at evaluating 

[…] teaching practices in the field of health are not considered research involving human 

subjects within the meaning of this title.’ Therefore, approval from an Ethics Committee is 



not required. Student consent to participate in this study was considered through voluntary 

participation. No personal data were collected. The survey was anonymous 

. 

Data collection 

 

The survey responses were collected by two authors (JP and FB) in an Excel spreadsheet 

specifically designed for the study. Demographic data collected included the students’ site of 

attachment (Nimes or Montpellier), student gender (male, female, other, prefer not to say), 

student residence during the academic year (living alone or with others), study location during 

the academic year (home, University), and participation in a student association during 

medical studies. 

 

Regarding the second cycle reform, the impact of organizing the EDN in October on students 

was collected on a numerical scale from 0 (deterioration) to 10 (improvement), separating the 

overall impact, the impact on students’ work organization, and the impact on students’ well-

being [19]. The evaluation of the actions led by the Medical School to support students in this 

reform was collected on a numerical scale from 0 (ineffective) to 10 (effective) [19]. 

 

Regarding study organization during the summer, the student’s residence during the summer 

(living alone or with others), the study location during the summer (home, University), and 

access to air conditioning at the study location were collected. Southern France experiences 

very high temperatures during the summer, often exceeding 30 °C (86 °F) from June to 

September, even reaching in the specific region of Montpellier and Nimes the national highest 

temperature records the two past years. These conditions can make sustained studying 

particularly challenging, especially during the summer preceding the EDN. As a result, access 

to air conditioning becomes an essential factor to consider in this setting. 

 

Regarding psychosocial factors, motivation at the beginning of the fifth year of medical 

studies and during the summer preceding the EDN was collected on a numerical scale from 0 

(disinterested) to 10 (motivated) [19]. The loneliness felt at the beginning of the fifth year of 

medical studies and during the summer preceding the EDN was collected on a numerical scale 

from 0 (no loneliness) to 10 (loneliness) [19, 20]. 

 

The student’s main goal during their revisions was collected using a closed-ended question 

with three categories: ranking in the EDN (Ranking), consolidating a knowledge base for 

medical practice (Knowledge), and maintaining personal balance and quality of life (Well-

being) [7]. Each student chose one of these categories as their main goal. The achievement of 

these objectives was then assessed through self-assessment, where students reported whether 

they felt they had succeeded or not in achieving their stated goals. The student’s achievement 

of this objective was dichotomized into success and failure. These goals were elected by the 

student partners who constructed the study. 

 

 

Primary endpoint 

 

The primary endpoint was the student’s success in achieving their personal goal, 

dichotomized into success or failure. This primary endpoint was chosen with six sixth-year 

student partners in the Medical School (listed in the Acknowledgement section), who were 

consulted in the drafting of the survey, in the study design, and for data interpretation [15, 

21]. 



 

As the student’s goal could be either Ranking in the EDN, consolidating Knowledge, or 

maintaining Well-being, the student’s success was thus evaluated according to a criterion 

chosen by the student and not according to a single academic ranking criterion [22]. 

 

 

Analyses 

 

A descriptive analysis of the cohort was performed. Quantitative variables were expressed as 

mean (standard deviation [SD]) or median (interquartile range [IQR], 25–75%), and compared 

by a Student’s t-test or Wilcoxon test according to the distribution of variables (Gaussian or 

non-Gaussian) [23]. Qualitative variables were expressed as numbers (proportions) and 

compared using a Chi-square test without correction or Fisher’s exact test, depending on the 

number of events. The Kruskal–Wallis test was used for ordinal variables. No imputation 

technique for missing data was used [24]. To account for training data bias, we checked for 

imbalanced classes and for demographic skew [18]. 

 

To assess the construct validity of the survey, we conducted a post hoc Exploratory Factor 

Analysis [25]. The analysis included survey items measured on numerical scales ranging from 

0 to 10. The Exploratory Factor Analysis was performed using principal axis factoring with 

promax rotation to allow for correlated factors. The analysis aimed to identify distinct factors 

related to the constructs being measured, including the impact of the reform, motivation, and 

loneliness. Items with high factor loadings on their respective factors were considered 

indicative of strong construct validity, and the absence of cross-loadings would support 

discriminant validity between the constructs [25]. To assess the reliability of the two-item 

scales for motivation and loneliness, we applied the Spearman-Brown Prophecy Formula [26]. 

This formula was used to estimate the internal consistency of the scales by calculating the 

correlation between two timepoints: motivation and loneliness measured during the summer 

and at the beginning of the academic year. 

 

A univariate logistic regression was performed to identify variables associated with student 

success [27]. Odds Ratios (OR) were calculated with corresponding 95% confidence intervals 

(95%CI). Predictive variables proposed to the model were the study site, student gender, 

residence during the academic year, study location during the academic year, participation in 

an association, residence during the summer, study location during the summer, and access to 

air conditioning at the study location, motivation at the beginning of the fifth year and during 

the summer preceding the EDN, loneliness at the beginning of the fifth year and during the 

summer preceding the EDN, and the student’s main goal. 

 

A machine learning model was developed using a gradient boosting tree algorithm called 

eXtreme Gradient Boosting (XGBoost, version 1.7.8.1) to evaluate the variables associated 

with student success (Method S1, Electronic Supplement) [28]. XGBoost is a machine 

learning algorithm that uses a decision tree-based method, where each new tree aims to 

correct the classification errors of the previous trees in the sample [28]. The machine learning 

model allows overcoming collinearity issues between variables (motivation at different 

periods, loneliness and participation in associative life, study location, and access to air 

conditioning) that invalidate the results of conventionally developed logistic regression 

models [29]. The model built by XGBoost was represented by a variable importance graph 

[28]. The model’s discrimination performance was measured by the area under the receiver 

operating characteristic curve (AUC ROC) [30]. 



 

An artificial intelligence tool, SHapley Additive exPlanations (SHAP, Method S2, Electronic 

Supplement), was used to explain the machine learning model [31]. SHAP identifies the most 

important variables in the model’s prediction. 

 

A multivariate logistic regression analysis guided by the machine learning and artificial 

intelligence model was performed to develop a simplified model [30]. Variables with a p-

value <0.10 in univariate analysis were selected for the multivariate analysis [27,30]. When 

variables were strongly correlated, only the most important variable in the XGBoost model 

explained by SHAP was entered into the model. Continuous variables were dichotomized 

based on the distribution of their SHAP values in the machine learning model [30]. A 

stepwise procedure was used to select the model based on the Akaike information criterion 

(AIC) [27]. The absence of collinearity between variables was verified by measuring variance 

inflation factors (VIF) [27, 32]. The model’s discrimination performance was measured by the 

AUC [30]. Internal validation by bootstrap of each model was performed by resampling with 

replacement for 2000 iterations [27]. 

 

In exploratory analyses, two logistic regression models were developed by adding interaction 

terms. The second logistic regression model combined interaction terms between the study 

site and summer motivation, and between the study site and summer loneliness to the previous 

model. The third logistic regression model combined interaction terms between the student’s 

main goal and summer motivation, and between the student’s main goal and summer 

loneliness to the previous model. The significance of interaction terms was tested by an 

ANOVA test [24]. 

 

The three logistic regression models were used to create a conceptual framework [8]. Tests 

were two-sided, and a pvalue < 0.05 was considered significant. R software (version 4.3.1) 

was used for all statistical analyses. BioRender.com was used to design the conceptual 

framework. 

 

 

Results 
 

The survey was sent to 256 sixth-year medical students. A total of 123 responses were 

received (response rate of 48%). Overall, 75 students (61%) considered that they had achieved 

their main goal. The students’ main goal was Ranking for 52% of them (64/123), 

consolidating knowledge for 31% (38/123), and well-being for 17% (21/123). Table 1 

presents the summary of the survey responses. Figure S1 shows the motivation and loneliness 

of students during the summer according to their success. 

 

 

Construct validity and reliability 

 

The post hoc Exploratory Factor Analysis identified three distinct factors. Factor 1 (PA1) 

captured the impact of the reform on the students, Factor 2 (PA2) represented motivation, and 

Factor 3 (PA3) captured loneliness (Figure S2). The factor loadings for each construct were 

higher than 0.7, indicating that the items within each factor were highly correlated. No cross-

loadings were observed, meaning that the items measuring motivation did not overlap with 

those measuring loneliness. 

 



 
 

In post-hoc analysis using the Spearman-Brown Prophecy Formula, the reliability of the 

Motivation scale was 0.75, indicating acceptable internal consistency. For the Loneliness 

scale, the reliability was 0.61, indicating moderate internal consistency. 

 

 

Univariate analysis 

 

The results of the univariate analysis are presented in Table 2. Variables associated with 

student success were the Montpellier site (OR = 3.23; 95%CI [1.54−7.14], p<0.01), air 

conditioning (OR = 0.23; 95%CI [0.10−0.49], p<0.01), summer motivation (OR = 1.28; 

95%CI [1.07−1.55], p<0.01), summer loneliness (OR = 0.83; 95%CI [0.71−0.97], p=0.03), 

and the student’s main goal (Ranking vs Knowledge: OR= 2.84; 95%CI [1.24−2.66], p=0.02). 

Association between air conditioning and other significant variables in univariate analysis is 

displayed in Table S1. 

 
 

 

 



Machine learning model 

 

Summer motivation and summer loneliness were the two most important variables associated 

with student success in the model developed by XGBoost (Figure 2(A)). These were followed 

by the study site, the academic year residence, and the change of study location for the 

summer. All students were correctly classified by the model. The confusion matrix is 

presented in Table S2. The AUC of the model was 1.00 (95%CI [0.97−1.00]). In internal 

validation by bootstrap, the model’s AUC was 1.00 (95%CI [0.96−1.00]). 

 

 

 



 

 

 

Explanation of the model with artificial intelligence 

 

Summer motivation and summer loneliness were the two most important variables (respective 

SHAP values 0.17 and 0.14) associated with student success after explanation of the machine 

learning model by SHAP (Figure 2(B,C)). These were followed by the study site and Ranking 

as the student’s main goal (respective SHAP values 0.12 and 0.06). Figure S3 presents the 

SHAP values according to summer motivation and summer loneliness. A summer motivation 

of 8/10 or higher increased the probability of student success, and a summer loneliness of 

8/10 or higher decreased the probability of student success (Figure S3). 

 

Logistic regression model 

 

The study site, summer motivation (<8/10 vs >/=8/10), summer loneliness (<8/10 vs >/=8/10), 

and the student’s goal were significantly associated with student success in the logistic 

regression model (Table 3, Figure S4). The model’s AUC was 0.77 (95% CI [0.68−0.86]). In 

internal validation by bootstrap, the model’s AUC was 0.75 (95% CI [0.66 −0.84]). 

 

 

 

Exploratory logistic regression models with interaction terms 

 

The interaction between the study site and summer motivation, and the interaction between 

the study site and summer loneliness were both significant in the second model by ANOVA 

test (respectively p<0.001 and p¼0.03). Summer motivation and summer loneliness at the 

Nimes site were significantly associated with success (Table S3). For students at the 

Montpellier site, neither summer motivation nor summer loneliness was significantly 

associated with success. The effects of summer motivation and summer loneliness by site are 

shown in Figure S5 and Figure S6. 

 

The third regression logistic model is shown in Table S4. The interaction between the 

student’s main goal and summer motivation was not significant in the third model by 

ANOVA test (p¼0.36). The interaction between the student’s main goal and summer 

loneliness was significant in the third model by ANOVA test (p<0.001). The effects of 

summer motivation and summer loneliness by student’s main goal are shown in Figures S7 

and S8. 

 

 

 



Conceptual framework 

 

The results of the three logistic regression models were used to conceive a conceptual 

framework linking summer motivation and summer socialization to student’s success, with 

the study site and the student’s main goal as moderators (Figure 3.). 

 

 

 

Discussion 
 

 

In this study, evaluating the responses of 123 sixth-year undergraduate medical students from 

a French Medical School to an online survey designed with student partners, summer 
motivation, and summer loneliness were the two variables most associated with personal success in a 

machine learning model. This model was able to predict a student’s success with an AUC of 1.00 

(95% CI [0.96−1.00]) after internal validation. The artificial intelligence used to explain the model 

showed that a summer motivation level of 8/10 or higher and a summer loneliness level below 8/ 10 

were associated with a higher probability of success. The significant association of these two variables 

with student success persisted in logistic regression models. A conceptual framework was designed. 

 

The first result of this study highlighted that, in the context of the high-stakes EDN examination, 

which determines the specialties and cities of residency for medical students, 52% of students 

prioritized ranking, 31% focused on consolidating knowledge, and 17% prioritized personal wellbeing. 

This illustrates that while the examination resul remains the primary concern for most students, 

personal well-being is becoming an increasingly important consideration for undergraduate medical 

students. 

 

Regarding the psychometrics properties of our survey, the factor loadings in Exploratory Factor 

Analysis (Figure S2.) for each construct were high, indicating that the items within each factor were 

highly correlated, thereby supporting the coherence of the constructs. Content validity was ensured 

through this collaborative design process, involving both the student partners and faculty professors. 

The survey was then piloted with four additional students to refine the questions for clarity and 

relevance. Importantly, no cross-loadings were observed, meaning that the items measuring motivation 

did not overlap with those measuring loneliness, providing strong evidence for discriminant validity. 

In terms of reliability, post hoc analysis showed an acceptable internal consistency for the Motivation 

scale and a moderate internal consistency for the Loneliness scale. 

 

 

 



The association of motivation with academic success has been reported in the literature [10, 33]. Our 

study is the first to quantify its direct impact in the context of the EDN. The threshold level of 8/10 

means that maintaining very high motivational levels is necessary during the summer before the sixth 

year of medical studies (Figure S3). 

 

Loneliness has been associated with medical studies around the world [9, 11]. The current student 

promotions are particularly at risk of loneliness as they have been marked by constrained distance 

learning during the COVID-19 pandemic [34]. Preventing loneliness in undergraduate medical 

students should be a priority for universities, especially in periods of intense workload [9, 20]. 

Interventions promoting peer assistance and mentoring have been effective in fostering socialization 

among students [9]. During the 2024–2025 academic year, a methodological tutoring program will be 

organized at our Medical School by sixth-year student partners for fifth-year students to enhance inter-

class connections. The implementation of a chatbot to prevent and diagnose loneliness, anxiety, and 

depression in undergraduate students during the summer will be studied in our Medical School [35, 

36]. Recently, a chatbot demonstrated effectiveness in mitigating loneliness and suicidal ideation in 

international students [35]. Given the reduced availability of human resources in Medical Schools and 

Universities during the summer, this intervention may help to detect at-risk students and provide them 

with tailored, multifaceted support. 

 

The study site (Nimes or Montpellier) was significantly associated with students’ success (Table 3). 

The exploratory logistic regression model showed a significant interaction between the study site and 

summer motivation or summer loneliness (Table S3). The effects of loneliness and decreased 

motivation are particularly significant for students at the Nimes site. This result can be partially 

explained because top-ranked students after the first year of medical school preferentially 

choose Montpellier. After discussions with the six student partners, this result can be 

explained by the geographical location of the Nimes site, outside the city center and without 

nearby amenities (restaurants, shops). To address this difference, students proposed 

organizing close monitoring for all students with the option to request a mentor, with 

enhanced communication at Nimes starting in summer 2024. The Medical School increased 

the number of accessible study places during the summer and extended the opening hours, 

requiring the recruitment of additional security staff, thus making a financial effort to 

maintain student connections and reduce the impact of social inequalities during the summer 

[37, 38]. The study site also partially explained the surprising association between air 

conditioning and lower success in univariate analysis. 

 

The association of socialization with the student’s success was lower when the student’s main 

goal was the ranking at the National Ranking Exam (Figure 3). It indicates that students 

aiming at the ranking are more prone to tolerate loneliness during the study period. The search 

of academic performance above all might be a barrier to mental health care in medical 

students [39]. It might also indicate that students with mental health issues are less able to 

reach academic performance in medical school, as described in a recent study [40]. 

 

The artificial intelligence’s explanation of the model showed a small effect of gender on 

student success (Figure 2B). Female gender decreased the probability of success in the 

model’s prediction. However, gender was not significantly associated with success in the 

multivariate logistic regression model. While the proportion of female students in medical 

studies is increasing worldwide [41], some studies have shown that women are more exposed 

to psychosocial risks during their health studies, including anxiety and depression [42,43]. 

 

 

 

 



The involvement of six student partners in this study is its main strength. Their expectations 

and interpretations were considered in the study design and data analysis [21, 44]. The choice 

of the primary endpoint was decided with them, to not only consider academic results as in 

previous studies [6, 45]. The originality of this study lies in a change of mindset that allows 

students to choose their own objective: either ranking, consolidating knowledge or 

maintaining well-being. They can consider themselves successful regardless of their ranking. 

The student partners’ contribution allowed designing student-led interventions [46]. The 

organization of methodological mentoring and personal support during the summer will be 

effective next summer and coordinated by senior students themselves. The Medical School 

supported student requests by increasing the number of study places open during the summer 

to reduce loneliness and support student motivation [47]. The survey will be sent again next 

year to evaluate the impact of these changes [46]. Another strength of the study is the use of 

statistical techniques based on machine learning and artificial intelligence to overcome 

collinearity issues between variables and provide explainable and actionable results. Logistic 

regression models performed without a first step of machine learning and artificial 

intelligence showed high collinearity. This study is the first to highlight the importance of the 

summer preceding the National Ranking Examination on student success. The strong 

associations between summer motivation and loneliness and student success increase the 

internal validity of the study. 

 

The main limitation of the study is the limited number of participants (n=123), as the study 

was conducted at a single center. The survey was filled out by students retrospectively one 

month after the EDN, so a recall bias is possible. Unknown and uncontrolled confounding 

factors may exist. Then, the response rate was only of 48%. Since the survey was anonymous, 

we could not study the demographics and results of students who responded to the survey 

compared to those who did not respond. The survey was sent retrospectively, as we 

anticipated that the response rate would drop if students were asked to participate during their 

intensive study period. Moreover, since this study allowed students to choose their own 

objective, it was challenging to maintain the comparability between the objectives of ranking, 

knowledge, and well-being, as well as to avoid participants’ subjective views. To address this, 

we approached each goal from the perspective of individual student priorities, reflecting the 

diversity of their experiences and motivations during their studies. To ensure a structured 

analysis despite the inherent diversity of goals, we dichotomized the primary endpoint into 

success or failure. 

 

Finally, the measurement of psychometric properties of the survey was not prospectively 

planned. Thus, we did not assess test-retest reliability or compare multiple motivation and 

loneliness scales. 

 

 

Conclusion 
 

Motivation and socialization during the summer preceding National Ranking Exam are 

strongly predictive of undergraduate medical students’ success, in a machine learning model 

explained by artificial intelligence. This study, performed with undergraduate student 

partners, highlights the importance of the summer preceding high-stakes examination for 

medical students. 
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