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Abstract 

Objective: Propose a methodology to 

determine the number of medical students 

who can rotate, for the practice of 

medicine, in a university hospital, so that 

the quality of training processes and in-

patient care are assured. Materials and 

Methods: A three-step procedure is 

presented, in order to find the number of 

students that the institution can accept 

simultaneously. Results: The method is 

based on an integer linear model and it was 

implemented to assess installed capacity of 

General Surgery service at Hospital 

Universitario Clínica San Rafael, 

increasing in two students (33 %) the 

training capacity. Conclusions: The 

proposed methodology not only guaranties 

the quality of training processes and in-

patient care, but also generates other 

intangible results such as having a more 

agile way of planning, reducing the 

planification time. The methodology is 

easily extended to other services within 

hospitals. 

 

 

 

 
 

 

 

Keywords: Installed capacity, staffing 

problem, scheduling problem.  

Resumen 

Objetivo: proponer una metodología para 

determinar el número de estudiantes que 

rotan en una práctica médica en un hospital 

universitario, de modo que se garantice la 

calidad en los procesos de capacitación y 

en la atención a los pacientes. Materiales y 

métodos: se propone un procedimiento que 

consta de tres pasos, para encontrar el 

número de estudiantes que la institución 

puede aceptar simultáneamente, el método 

se basa en un modelo de programación 

lineal entera. Resultados: el método 

propuesto se implementó, para evaluar la 

capacidad instalada del servicio de Cirugía 

General en el Hospital Universitario 

Clínica San Rafael, aumentando en dos 

estudiantes (33 %) la capacidad que 

ofrecía el hospital al aceptar estudiantes. 

Conclusiones: la metodología propuesta 

además de garantizar la calidad en los 

procesos de capacitación y en la atención a 

los pacientes genera otros resultados 

intangibles, como poder contar con una 

forma más ágil de planeación, lo que 

reduce el tiempo de planificación. La 

metodología es fácilmente extensible a 

otros servicios dentro de los hospitales. 

 

 

 

Palabras clave: capacidad instalada, 

contratación de personal, asignación de 

turnos.
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Introduction 

 

According to Human Talent in Health Law [1], a university hospital is defined as a “health 

service institution that provides university training and is recognized as a hospital of teaching 

and practices supervised by competent academic authorities providing training and medical 

care in each level of complexity”. In addition, it states that within the requirements to meet 

by a university hospital as a training scenario is to have an installed capacity according to the 

development of health science and training needs of health personnel. In the same way, it 

must have the space for teaching adequately equipped, that correspond to their training 

objectives and the number of students [1]. 

 

Hospital services are composed by subspecialties where different procedures are carried out. 

Similarly, a hospital service is split into a set of support processes or activities, for example: 

scheduled surgery, emergency surgery, outpatient, hospitalization wards, emergency room, 

etc. The difference between some activities is the physical space in which they occur, so it is 

possible to group them into families of activities, such as hospitalization. 

 

In the learning process of students, they are assigned to different activities in order to acquire 

knowledge and develop skills necessary for future practice. Besides days and times when 

students can be programmed, the assignation depends on the availability of activities and 

training objectives. Thus, in some activities they can be assigned seven days a week, day and 

night shifts; while other activities are done on specific days. 

 

However, in developing countries, hospitals where the number of students is not proportional 

to the number of beds are frequently found, and there is no relation between the number of 

students and medical teachers to ensure the effectiveness of the program. One of the factors 

that influences the number of students not matching the installed capacity of health centers 

is the insufficient amount of practice settings to health education programs demand in the 

country. This situation affects the training process of students and quality of the service given 

to patients [2]. 

 

Installed capacity for any production or service system refers to necessary infrastructure 

(physical, human, technological resources, real state, machinery and equipment) to produce 

certain goods and services. This capacity is directly proportional to the expected amount of 

production or service [3]. In the hospital environment, installed capacity includes: teaching 

medical personnel, hospital beds, medical offices, operating rooms, laboratories, and any 

instrument or equipment used for patient care. Hospital capacity planning is a challenging 

problem [4]. A Considerable amount of research has been conducted on related problems, 

such as: different models to assess resource capacity in hospitals, models for bed capacity 

([5]–[7]), emergency rooms [8], and human resources [9]. However, it is uncommon to have 
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methods to help the calculation of the number of students in the different service areas at a 

hospital. 

 

This paper aims to propose a method to assess installed capacity of training scenarios at a 

university hospital, to determine the number of students who can rotate in the institution, so 

that the quality of training processes and in-patient care is assured. The next section presents 

a related literature review. Then, the methodology is introduced and the formulation of the 

mathematical program is explained. Then the case of General Surgery service at Hospital 

Universitario Clínica San Rafael is presented, and the proposed methodology is applied. 

Finally, conclusions are given at the end. 

 

Literature Review 

 

In a hospital environment, different types of personnel exist. The terms “personnel”, 

“employees”, and “staff” are used synonymously, even though there is a distinction for 

“nurses”, “physicians”, “residents” and “health care students”, among others. Physicians and 

nurses are considered already educated with an appropriate amount of years as practitioners. 

Residents have finished their theoretical education, but are still in practical training, and 

“Health care students” are still in theoretical education and practical training. 

 

The scheduling problems in the field of health are a vast part of the literature. According to 

[10] there are three main groups of problems: Staffing, Rostering and Re-planning.  

 

• Staffing: These problems involve decisions that determine the size of a workforce 

and clinical rotations of medical residents. “How many people should I employ?”. 

• Rostering: These problems aim to place resources in different shifts subject to 

different constraints. “When does which employee have to work?”. 

• Re-planning: These problems consist of reorganizing the use of resources in the 

case of unforeseen events. “Who can substitute for the employee who is 

unexpectedly absent?”. 

 

The problem studied in this paper can be seen as a combination of Staffing and Rostering. 

The typical staffing (nurse or medical staff) planning process consist of two major tasks: 

Forecasting demand on a facility or unit of service and budgeting or allocating personnel 

over the planning period. The process of allocating personnel is the translation of the forecast 

of the patients’ demand into a full-time equivalent nurse or medical personnel that is required 

for each shift in each ward to meet the demand [11]–[13]. It is usual to use techniques from 

operational research to find a solution to this problem. Most research papers are commonly 

framed as optimization problems, for example calculating the optimal number of staff to 
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employ such that costs are minimized and assuming that unmet demand is satisfied by using 

float or external staff [14]–[17].  

 

The resident scheduling problem is a specific case of the multiperiod staff assignment 

problem where individuals are assigned to a variety of tasks over multiple periods in order to 

complete their training. Consequently, those programs are often not only time-related but 

also task-related. Task-related means that residents should perform a given number of 

different interventions in their program. Typically, a resident will follow a rotation across 

different clinical departments, where the number of performed interventions per period may 

be estimated. As in many staffing and training situations, numerous limitations and 

requirements may be placed on those assignments [18]–[20]. Models developed in the 

literature determines the number and type of surgical procedures a resident performs each 

month by assigning surgeries to residents subject to various constraints such as the limited 

availability of surgeries and the residents’ availability to perform surgical procedures [21], 

[22]. 

 

While the foregoing literature review has revealed many related problems and models dealing 

with similar scheduling contexts, no analysis exists that adequately deals with the specific 

nature of the problem. None of these fully addresses the particular staffing and scheduling 

problem at hand. In the next section, the problem is described in more precise terms, and a 

method based on a mathematical programming model for it is proposed. 

 

Problem Description and a Solution Method 

 

The problem is to determine the number of students who can rotate in the institution to ensure 

the quality of training processes and in-patient care. The students must accomplish different 

activities in order to acquire knowledge and develop skills necessary for future practice. 

There is limited availability of activities and resources, like devices, machines, equipment or 

physical space that can be used by a medical teacher or student for patient care. There are 

different types of activities and they can be assigned to seven days a week, in both day and 

night shifts; while other activities are done on specific days. The difficulty of determining 

the number of students per service is that each activity can have a different number of 

students, and that students should rotate to every service within a specific amount of hours. 

Because of this, it is difficult to obtain the operation’s highest potential.  

 

In order to find the number of students that the institution can accept, to rotate 

simultaneously, a three-step procedure is proposed and explained below: 
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Step 1: Calculation of the Number of Students Allowed per Activity  

 

To calculate the number of students allowed per activity, the methodological proposal by the 

Ministry of Health and Social Protection [23] is used. This considers the number of practice 

units (QPU), the number of students allowed per practice unit (SAU), the practice unit usage 

(PUU) and the practice unit time (PUT), as seen in equation (1). The SAU refers to any 

device, machine, equipment or physical space that can be used by a medical teacher or student 

for patient care; for example, hospital beds, laboratories, medical offices, operating rooms, 

radiology units, and others. Likewise, the relationship that exists between the number of 

students and practice units is defined as the number of students allowed per practice unit; for 

instance, five or six students per bed, or two students per operating room. On the other hand, 

the PPU measures the unit demand as the occupancy time percentage. Finally, the PUT is the 

rotation length of time, for example, monthly or 6-hour shift. 

 

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑎𝑙𝑙𝑜𝑤𝑒𝑑 =  𝑄𝑃𝑈 ∗ 𝑆𝐴𝑈 ∗ 𝑃𝑈𝑈 ∗ 𝑃𝑈𝑇  (1) 

 

Step 2. Model: Assignment of Students to Activities at a Hospital Service  

 

A mathematical model is proposed to find the number of students. The model takes into 

account capacity of activities, schedules and shifts of students, the minimum hours that they 

must rotate in each activity and other constraints from the teaching-service agreements with 

Higher Education Institutions. 

 

Then the proposed mathematical model is presented. It is an integer linear programming 

model that, given a number of students that can rotate simultaneously in service, (set E, in 

the model), determines whether is feasible their usage in the activities over a time horizon. 

 

Sets: 

𝒜: Service activities, indexed in a. 

𝒟: Days, indexed in d. 

ℰ: Students, indexed in e. 

ℱ: Families of activities, indexed in f. 

S: Shifts, indexed in s 

𝒲: Weeks, indexed in w. 

𝒜𝑓: Activities from the same family f, indexed in a.  

𝒟𝑤: Days from the same week w, indexed in d. 

𝒮0: Night shifts, indexed in s. 
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Parameters: 

F: The night shifts maximum frequency.  

H: The maximum number of weekly hours 

Hsd: The hours in shift s, on day d.  

Las: Students allowed in activity a, in shift s. 

Mf: The minimum number of hours in a family of activities f. 

Pasd: 1 if the activity a, in shift s, can be programmed on day d. 

Variables: 

xasd : The number of students in activity a, in shift s, on day d. 

yeasd : 1 if the student e rotates in activity a, in shift s, on day d. 

 

 

Linear Programming Model Description 

 
The objective function (2) maximizes the number of students. The family of constraints (3) 

counts the number of students per day, activity and shift. Constraints (4) establish that the 

number of students in each activity cannot exceed the limit of students allowed, which was 

found in the previous step. Constraints (5) ensure that students can only be assigned to one 

activity and shift per day. Constraints (6) verify that students are assigned to activities and 

shifts when they are available. On the other hand, Constraints (7) ensure the lower-bound of 

hours that students must rotate per family of activities. Similarly, Constraint (8) ensure the 

upper-bound of weekly hours that students can be in practical training. Constraints (9), (10) 

and (11) state that students are assigned in night shifts between 1 and 2 times per week, the 

frequency cannot exceed a certain number of days. Constraints (12) ensures that students 

must rotate through all activities. Finally, the decision variables are defined in (13) and (14).  

 

Linear programming model: 

 

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒        ∑ ∑ ∑ 𝑥𝑎𝑠𝑑𝑑∈𝒟𝑠∈𝒮𝑎∈𝒜   (2) 

 

 

Subject to: 

 

𝑥𝑎𝑠𝑑 = ∑ 𝑦𝑒𝑎𝑠𝑑𝑒∈ℰ                                   ∀𝑎 ∈ 𝒜, 𝑠 ∈ 𝒮, 𝑑 ∈ 𝒟   (3) 

𝑥𝑎𝑠𝑑 ≤ 𝐿𝑎𝑠 ∀𝑎 ∈ 𝒜, 𝑠 ∈ 𝑠, 𝑑 ∈ 𝒟   (4) 
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∑ ∑ 𝑦𝑒𝑎𝑠𝑑𝑠∈𝒮𝑎∈𝒜 ≤ 1 ∀𝑒 ∈ ℰ, 𝑑 ∈ 𝒟    (5) 

𝑥𝑎𝑠𝑑(1 − 𝑃𝑎𝑠𝑑) = 0 ∀𝑎 ∈ 𝒜, 𝑠 ∈ 𝒮, 𝑑 ∈ 𝒟 (6) 

∑ ∑ ∑ (𝑦𝑒𝑎𝑠𝑑𝐻𝑠𝑑)𝑑𝜖𝒟𝑠𝜖𝒮𝑎∈𝒜𝑓
≥ 𝑀𝑓 ∀𝑒 ∈ ℰ, 𝑓 ∈ ℱ   (7) 

     ∑ ∑ ∑ (𝑦𝑒𝑎𝑠𝑑𝐻𝑠𝑑)𝑑𝜖𝒟𝑤𝑠𝜖𝒮𝑎∈𝒜 ≤ 𝐻          ∀𝑒 ∈ ℰ, 𝑤 ∈  𝒲   (8) 

∑ ∑ 𝑦𝑒𝑎𝑠𝑑𝑑𝜖𝒟𝑤𝑎∈𝒜 ≤ 2  ∀𝑒 ∈ ℰ, 𝑠 ∈ 𝒮0, 𝑤 ∈  𝒲  (9) 

∑ ∑ 𝑦𝑒𝑎𝑠𝑑𝑑𝜖𝒟𝑤𝑎∈𝒜 ≥ 1  ∀𝑒 ∈ ℰ, 𝑠 ∈ 𝒮0, w ∈ 𝒲   

∑ 𝑦𝑒𝑎𝑠𝑡
𝑑+𝐹
𝑡=𝑑 ≤ 1  

(10) 

∀𝑒 ∈ ℰ, ∀𝑎 ∈ 𝒜, 𝑠 ∈ 𝒮0, 𝑑 ∈ 𝒟|𝑑 ≤ |𝒟| − 𝐹 (11) 

∑ ∑ 𝑦𝑒𝑎𝑠𝑑𝑑∈𝒟𝑠∈𝒮 ≥ 1 ∀𝑎 ∈ 𝒜, 𝑒 ∈ ℰ    (12) 

𝑥𝑎𝑠𝑑 ≥ 0 ∀𝑎 ∈ 𝒜, 𝑠 ∈ 𝒮, 𝑑 ∈ 𝒟   (13) 

     𝑦𝑒𝑎𝑠𝑑 ∈ {0,1} ∀𝑒 ∈ ℰ, 𝑎 ∈ 𝒜, 𝑠 ∈ 𝒮, 𝑑 ∈ 𝒟  (14) (14) 

 

Step 3. Computation of the Maximum Number of Students per Service 

 

The model proposed in step 2 assumes that the number of students who can be part of training 

practices in service is known. The model determines whether it is feasible that number of 

students to satisfy given restrictions. In this step, it is established the maximum number of 

students who can meet all the constraints. For this purpose, an iterative process in which 

increases in each iteration the student set size (set ℰ, in the model) is performed until the 

model is no longer feasible. The size of the last feasible model is the maximum number of 

students allowed or the service capacity.  

 

Case of Study  

 

For the purpose of this paper, and in order to illustrate the methodology used to address the 

problem, the installed capacity for practical training in General Surgery service at Hospital 

Universitario Clínica San Rafael (HUCSR) is calculated. Only undergraduate students from 

medicine program will be considered. 

 

HUCSR is a university hospital. In its 90 years of experience, it has established itself as one 

of the most important health centers in Bogota, Colombia. The clinic has a Research and 

Education Department that aims to contribute to scientific and technological development in 
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the health field. By producing knowledge and innovation, the Department aims to improve 

health conditions in Colombia [24]. Thus, in addition to health services, the institution offers 

academic training to the community, through agreements with Higher Education Institutions, 

which provides its facilities for conducting training practices in levels of undergraduate, 

internship, and postgraduate students. 

 

HUCSR, in the process of accreditation as a university hospital, must determine the number 

of students per program, level of training and health services, so that the best performance in 

the teaching process and health care is ensured. According to the Manual of Accreditation in 

Health, Ambulatory and Hospital, the institution must state “the number of people in practical 

training per user, taking into account respect for patients’ rights, privacy, dignity and 

security” [25].  

 

Nowadays, HUCSR has several agreements with Higher Education Institutions in more than 

20 programs, in training levels of undergraduate, internship and postgraduate students, in 

which hundreds of students rotate monthly. 47 % of students who rotate are undergraduate 

(VII to X semester of Medicine) or belong to other training programs, like speech therapy, 

physiotherapy, psychology, nursing, instrumentalist, and others. 20 % are internship students 

enrolled in Medicine last year, and the remaining percentage corresponds to postgraduate 

students (residents), who are performing a specialty.  

 

General Surgery service includes procedures of general, neck and chest surgery. Similarly, 

the service is divided into Shift, Operating Rooms, Ward Rounds, Emergency Room and 

Outpatient activities. In Shift, emergency surgeries are performed while scheduled surgeries 

are performed in Operating Rooms. In Wards and Emergency Room, hospitalized patients 

are checked, diagnosed and evaluated, thus, the service can be separated into five activities, 

which are grouped into three families of activities, as shown in Figure 1. Besides, in Shift 

students are assigned seven days a week, daytime (7:00 a. m.-5:00 p. m.) and nighttime (7:00 

p. m.-7:00 a. m.); other activities are assigned Monday to Friday daytime only. However, 

Wednesday and Friday students attend only until noon, because of university activities.  

 

Figure 1. Representation of General Surgery service  

 
Source: Own elaboration 
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Implementation 

 

In order to find the capacity offered by the hospital at the General Surgery service, the 

previously showed methodology was used. 

 

Step 1: The permissible limits of students per activities are calculated. This information was 

collected through interviews with experts in the service. Table 1 shows, for each activity, the 

practice unit used, the number of practice units (QPU) and the number of students allowed 

per practice unit (SAU). Thus, in all activities, two undergraduate students are allowed. 

Wards are the only exception given there is capacity for ten students. 

 

Table 1. Number of students allowed per activity 

Activity Practice Unit QPU SAU 
Students 

allowed 

Shift ORs 1 2 2 

Operating Rooms ORs 1 2 2 

Wards Beds 60 1/6 10 

Emergency Room Beds 12 1/6 2 

Outpatient Medical Offices 2 1 2 

Source: Own elaboration 

 

Step 2: The integer linear programming model is executed over a four-week planning horizon 

(28 days), with five activities, three families of activities and two shifts. To define the 

minimum hours per family of activities, the practical training plans of teaching-service 

agreements are used. Similarly, it is stated that the maximum frequency of night shifts is five 

days. Finally, the maximum weekly hours are established by law. Table 2 presents the 

parameters used in the linear programming model. The model was solved using free software 

GLPK, on an Intel® Pentium ® Dual Core, 64 bits, 2.20 GHz speed processors, Windows 

operating system. The run time per iteration is less than 5 seconds. 

 

Table 2. Model parameters 

Parameters Value 

The minimum hours in surgery 108 

The minimum hours in hospitalization 60 

The minimum hours in outpatient 40 

Hours night shift 12 

Hours day shift (except Wednesday and Friday) 10 

Hours day shift (Wednesday and Friday) 5 

The maximum weekly hours 66 

Source: Own elaboration 
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Findings 

 

When the number of students is iterated to find the maximum feasible value (step 3), the 

results stated that the service capacity is eight students. Currently, the hospital mostly rotates 

six students in the service at a time. Table 3 shows the results from the model (letter D 

corresponds to day shift and letter N to night shift). 

 

Table 3. Model results 

Number of students 

Activity Shift 
Operating 

Rooms 
Ward 

Emergency 

Room 
Outpatient 

Total 

Day D N D D D D 

1 2 2 0 0 2 2 8 

2 2 0 0 2 2 2 8 

3 2 1 2 0 1 2 8 

4 1 1 1 1 2 2 8 

5 2 1 1 1 1 2 8 

6 2 2 0 0 0 0 4 

7 2 2 0 0 0 0 4 

8 2 1 0 2 1 2 8 

9 0 0 1 3 2 2 8 

10 1 1 2 0 2 2 8 

11 1 1 1 2 1 2 8 

12 1 2 0 1 2 2 8 

13 2 2 0 0 0 0 4 

14 2 2 0 0 0 0 4 

15 2 0 1 1 2 2 8 

16 2 0 1 1 2 2 8 

17 2 1 2 0 1 2 8 

18 1 1 0 2 2 2 8 

19 1 2 2 0 1 2 8 

20 2 2 0 0 0 0 4 

21 2 2 0 0 0 0 4 

22 2 0 1 1 2 2 8 

23 1 0 1 2 2 2 8 

24 2 2 0 0 2 2 8 

25 0 0 0 4 2 2 8 

26 2 2 0 1 1 2 8 

27 2 2 0 0 0 0 4 

28 2 2 0 0 0 0 4 

Source: Own elaboration 

Sensitivity Analysis 

It is important for the hospital to know the effects of critical parameters on capacity found; 

for this purpose, a sensitivity analysis was performed. First, the minimum hours in Outpatient 

activity is identified as the critical constraint, so it was decided to change this parameter from 

zero to 40 hours per month. As a result, service capacity gradually increases up to 13 
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undergraduate students with a minimum of 20 monthly hours; if the parameter continues to 

decrease, no change in capacity is observed, as shown in figure 2.  

 

Figure 2. Sensitivity of the number of students 

 
Source: Own elaboration 

 

Similarly, it evaluates changes in the expected number of surgeries per month, while it 

increases the maximum number of students in the service. This calculation considers that in 

accordance to institutional norms, in operating rooms nine people maximum are allowed. 

According to the head of the service, 20 % of surgeries are high-risk procedures, so 

undergraduate students cannot enter. If surgery is not high risk, equally probable space is 

available in the operating room for one or two students. Also, based on information provided 

by Quality and Information Systems area of HUCSR, on average 3.3 surgeries are scheduled 

and 6.75 emergency surgeries are performed, including general, neck and chest surgery. 

 

Given the initial solution in the model (8 students), they would attend on average to 30.3 

surgeries per month. If service capacity increases because of the reduction in the minimum 

of hours in Outpatient activity, expected surgeries per student decreases to 23.6 for 13 

students instance, as shown in figure 3. 

 

Figure 3. Expected number of surgeries 

 
Source: Own elaboration 
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Conclusions 

 

In the field of university hospitals, installed capacity for practical training is an issue of great 

importance. It influences the training processes, which aims to enable students to approach 

the practice of Medicine through contact with patients, physical exams and diagnostic tests. 

Furthermore, the number of students in rotations has an impact on the quality of care, safety 

and dignity of patients. 

 

In this way, this paper proposes a methodology to determine the number of students per 

service. For this, on top of the support activities’ capacity, the dynamics of rotation of 

students and compliance with the restrictions established in agreements with Higher 

Education Institutions are considered. The methodology was tested with the General Surgery 

service at Hospital Universitario Clínica San Rafael, aiming for the extension to other 

services of the institution, as well as other university hospitals. 

 

In the case of the hospital, the hospital did not have a method to calculate the capacity or the 

number of students that could accept, the proposed method suggested eight students, causing 

a two students increase in the training capacity (33 %). Other intangibles of the methodology 

are being able to count on a more agile methodology, reducing the time of planning and the 

real possibility of extending to other services. 

 

The proposed method finds the ideal number of students to be accepted in practical training 

in a specific service at the hospital. It also allows, through sensitivity analysis, identifying 

costs or sacrifices, measured as expected values of access to practice units, which would be 

incurred if the hospital decides to increase that number. 
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