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Abstract. During spring 2020, SARS-CoV-2 pandemic induced shortage of medical 
equipment, hospital capacity and staff. To tackle this issue, medical students have 
been strongly involved in early patient triage through medical phone call regulation. 
Here, we present an intelligent web-based decision support system for COVID-19 
phone call regulation, developed by and for, medical students to help them during 
this difficult but crucial task. The system is divided into 5 tabs. The first tab displays 
administrative information, clinical data related to life-threatening emergency, and 
personalized recommendations for patient management. The second tab displays a 
PDF report summarizing the clinical situation; the third tab displays the guidelines 
used for establishing the recommendations, and the fourth tab displays the overall 
algorithm in the form of a decision tree. The fifth tab provided a short user guide. 
The system was assessed by 21 medical staff. More than 90% of them appreciated 
the navigation and the interface, and found the content relevant. 90,5% of them 
would like to use it during the medical regulation. In the future, we plan to use this 
system during simulation-based medical learning for the initial medical training of 
medical students. 
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1. Introduction 

The SARS-CoV-2 pandemic has put national health systems under great pressure. All 

countries around the world had to face a shortage of medical equipment, hospital capacity 

and staff. Better management of these resources is becoming crucial and remains a 

challenge worldwide. Early patient triage through medical phone calls represents a key 

point to mitigate in-patient flow. An efficient and prompt triage method is required to 

better assign available resources and avoid time-wasting in patient management.  
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To facilitate patient triage, algorithms have been developed [1], and a few of them 

have been computerized [2,3]. They could assist: (i) medical staff at hospital admissions 

[4], (ii) GPs during face-to-face or virtual visits [2], or (iii) patients through online tools. 

However, not much have been developed for professionals involved in the medical phone 

call regulation. Phone call regulation usually involved health care workers, but during 

the pandemic, medical students were also strongly involved, and may have met some 

difficulties to assess patients remotely. Textual documentations have been published, to 

guide them, such as the COVID-19 phone script published by the Centers for Disease 

Control and Prevention. 

Here, we aim at developing an intelligent web-based decision support system for 

patient triage during phone call regulation, specifically devoted to medical students. The 

system was designed and assessed by and for medical students, during a new module 

training integrated during medical school curriculum at the University of Paris, named 

“Artificial intelligence for clinical decision support”. 

2. Methods 

We developed an intelligent web-based decision support system to regulate patients’ 

calls during medical phone call regulation. It proposes adaptative guidance for COVID-

19 patients based on patients’ symptoms, and up-to-date recommendations.  

2.1.  Design of the decision support system 

The decision tree was built from the French guidelines developed by SAMU 92 (Service 

d’Aide Médicale Urgente des Hauts de Seine) and other national sources. From these 

guidelines, all terms related to patient orientation were extracted and grouped into 

categories of variables. Then, we distinguished action and decision variables. Decision 

variables were made unambiguous and encoded as binary: true and false representing 

respectively the presence or absence of a sign. After that, we made all possible 

combinations with the decision variables. For each combination, we associated an action 

variable corresponding to the recommendations of the system for patient triage. These 

combinations covering all possible situations, constituted the rules base of the system. 

This rules base was then directly implemented into the system. 

The interface was built according to the workflow of the medical phone regulation, 

but also ergonomic criteria for minimizing the “user-interface” interaction [5].  

The system was implemented using RStudio version 1.3.1093, Shiny package. The 

decision tree algorithm was generated and used as a rpart object from the Rpart package.  

2.2. Evaluation of the clinical decision support system 

Medical students and other health staff were invited to evaluate the system. After a short 

presentation of the system, they had to test the system online by their own, through 1 to 

3 clinical cases simulating a medical regulation. Then, they filled an anonymous online 

form to rate the system and give feedbacks about their experience. Questions were 

focused on aesthetics, utilization (2 questions), relevance (2 questions), and adoption (1 

question). Each item was assessed through a Likert-scale [6,7]. Other elements could be 

added in free-text comment.  
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3. Results 

3.1. Covid-19 decision support system for phone call triage 

The system displays 5 tabs (Figure 1, area a). The first tab allows the medical student to 

fill information about: administrative (area b), quick clinical assessment (area c), and 

advanced clinical assessment (area d). The information displayed is interactive and only 

showed when necessary, e.g., pregnancy for women, warning popups for life threatening 

situations. Likewise, the information displayed in the “advanced clinical assessment” 

area depends on the information filled in the “quick clinical assessment” area. Tooltips 

can also be used to help to fill the elements, and to prompt recommendations (area f). 

Once the medical student has filled all the information needed, then the system 

automatically generates a recommendation (area e).  

The second tab displays a PDF report summarizing the clinical situation and the 

proposed recommendation. This report can be transmitted to senior medical experts 

present on the health care center.  

The third tab displays the guidelines used for designing the system, and the fourth 

tab displays the overall algorithm in the form of a decision tree. A short user guide can 

be found in the fifth tab. 

 

   

 

 
 

Figure 1. Clinical Decision Support System interface is divided into 5 tabs (area a).  Here is shown the first 
one where the regulation is carried on. The user fills administrative information about the patient in area b 

and indicates if there is a life-threatening emergency in areas c and d. Then, a recommendation is displayed 
into area e. Tooltips are also available for helping to fill patient information (area f). 
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3.2. Evaluation of the clinical decision support system 

21 medical staff filled the survey (Figure 2). Nineteen were medical students (2 in 4th 

year, 11 in 5th year and 6 in 6th year); one was a junior doctor, and one was a nurse. One 

third of them already had an experience in phone call regulation. 

Regarding the user interface experience, 95.2% of participants found the interface 

simple and intuitive to use and all found it aesthetically pleasing. About the medical 

content of the system, 90.5% of participants found the requested information relevant, 

and all of them found the suggested guidance relevant to the clinical situation.  

Finally, 90.5% of participant would like to use this system for COVID-19 patients’ 

regulation. 

  

 

Figure 2. Summary of the results of the system evaluation. 

4. Discussion 

We developed an intelligent web-based system that proposes adaptative guidance for 

COVID-19 patients, based on patients’ symptoms and up-to-date recommendations. The 

system was designed by and for medical students, in order to meet their needs and 

overcome their lack of expertise. Conversely to black box CDSS, our system is based on 

a decision tree which guarantees both explainability and transparency in decision making. 

The system was found pleasant, relevant and useful for the majority of evaluators.  

Our work presents some limits. First, we do not consider speech recognition that 

would be very useful during phone call regulation. This could facilitate the filling of 

information, by extracting keywords from patient’s speech and thus prevent cognitive 

tunneling during the regulation. In the future, we plan to implement a real-time speech 

detection, using deep learning algorithm framework. We also plan to improve the 

usability of the interface, e.g., by adding more meaningful colors and icons. Second, the 

system focuses only on the management of COVID-19 patients and doesn’t cover all 

situations that could be met during medical regulation. In the future, we aim at extending 

the system to other critical situations. Third, the system is not yet implemented into a 

phone regulation center, and for that, further works are needed.  

Other approaches have been designed for emergency call triage, such as the 

provision of algorithms, flowcharts or guidelines to health professionals [8,9]. They 
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allowed to improve triage level accuracy [9], but may require a time for appropriation. 

Here we expect a better appropriation of the decision support system because it is 

incorporated into the clinical workflow, and the interactivity with health professionals is 

increased. Other approaches based on machine learning have also been described [10]. 

They may have good performance on triage, but are still limited to specific emergencies 

such as cardiac arrest [10]. In the future, we aim at designing a hybrid system using both 

knowledge issue from guidelines, and machine learning techniques. 

Our system will be used during simulation-based medical learning [11]. Indeed, 

this system could be very useful during the initial medical training of medical students, 

because they could train by themselves with the system, and then have feedbacks from 

senior medical experts. In the future, we plan to implement the system in our University 

and to assess its effects on students learning.  
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