
Optimization of Shift Scheduling for Medical Staff: An 
Application in The Outpatient Servuccion 

 
Hernando Garzón Saenz 

CIPTEC research group - Faculty of Engineering - Technology Program in Industrial Production 
Fundacion Universitaria Tecnologico Comfenalco 

Cartagena de Indias, Colombia 
hernando.garzon@tecnologicocomfenalco.edu.co   

 
Andrés Redchuk  

ETSII. Department of Computer Sciences. University Rey Juan Carlos. Madrid. Spain. 
Director of Operational Excellence and Process Improvement Institute. School of Engineer. 

University of Lomas de Zamora. Argentina. 
andres.redchuk@gmail.com     

 
Abstract  

 
When we talk about Servuccion, we refer to systems of manufacture of services of very high complexity where there 
is usually direct interaction of the client, his need and the production process through the human agent or personal 
contact, as it happens in the processes of external consultation, in which the doctor specialist patient relationship 
determines the success of the act of production of health services. Based on this premise, this work seeks to describe 
a conceptual proposal based on Lean Healthcare and Personnel Scheduling Problem criteria, which optimizes the 
assignment of shifts of medical personnel in external consultation service systems in the case of a clinic that 
manufactures health services in the specialties of allergies and respiratory diseases,  which today given the COVID 
19 pandemic, and the proliferation of other environmental vectors that generate this type of disease have taken on 
great relevance in terms of opportunity in the allocation of appointments to reduce the harmful effects on human health 
and with this generate positive impacts in terms of the opportunity of treatments. 
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1. Introduction  
According to the World Health Organization (WHO), health is the state of physical, mental and social well-being of 
an individual or community, that is, not only the absence of infections or diseases.   The health of all peoples is a 
fundamental condition for achieving peace and security, and depends on the broadest integration and cooperation of 
individuals and the state.  Health is considered a constitutional right of the people or inhabitants of a nation so it is the 
duty of the State to guarantee its provision, for which in the case of Colombia the General Social Security System is 
developed (Gonzalez Castro, Moreno Martinez, & Castro Monsalve, 2009).  Derived from the above premise, it should 
be considered that in Colombia there is the policy of provision of health services, which was established by the 
Ministry of Health and Social Protection with the aim of establishing the strategic guidelines on which the actors that 
manufacture and offer health services in Colombia must operate and function.  The fundamental purpose of this policy 
is to guarantee access, optimize the use of resources and improve the quality of health services offered to the 
Colombian population, for which it establishes (3) three axes, as well as (Ministerio de Protección Social, 2005): 
 
• In the access axis, strategies for consolidating health service delivery networks, improving decision-making 

capacity in the provision of low-complexity and emergency services, and increasing insurance coverage for the 
poor and vulnerable population stand out. 
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• The quality axis is focused on the proper implementation of the mandatory quality assurance system and the 
promotion of the development of human talent. 

• The efficiency axis refers to the network of public health service providers, in such a way that the strategies are 
aimed at improving the structural and functional conditions of these institutions to guarantee their viability. 

 
The Colombian health system is part of the so-called social security system, which is financed through public and 
private resources. Its backbone is the General System of Social Security in Health (SGSSS). Affiliation to this system 
is mandatory and is promoted through public or private health promotion entities (EPS), which receive contributions 
and, through service provider institutions (IPS), offer the Mandatory Health Plan (POS) or the POS-S for members of 
the subsidized regime (RS). The exclusively private sector is used by the upper class and a sector of the middle-income 
population that, due to lack of coverage or in search of better access conditions offered by the SGSSS, goes to the 
private consultation (Guerrero, Gallego, Becerril-Montekio, & Vasquez, 2011).  The health sector in Colombia has 
undergone significant changes in recent decades. The system went from one that was basically financed from the 
public supply in health to one aimed mainly at subsidies to demand, through contributory and subsidized regimes. 
(Bonet-Moron & Guzman-Finol, 2015). 
 
As a result, the guidelines established in the policy of provision of health services, the gaps identified regionally in 
the health sector and with the purpose of establishing control and monitoring criteria, the Mandatory System of Quality 
Assurance in the Health Sector (SOGCS) is established in Colombia, supported by Decree 1011 of April 3, 2006 and 
in which the SOGCS is defined as the set of institutions,  deliberate and systematic standards, requirements, 
mechanisms and processes developed by the health sector to generate, maintain and improve the quality of health 
services in the country, through components such as: The Single Habilitation System; The Audit for the Improvement 
of the Quality of Health Care; The Single Accreditation System; The Information System for Quality and in which for 
the purposes of evaluating and improving the quality of health care it must comply with the following characteristics 
(Ministerio de la Protección Social, 2006): 
 

a. Accessibility. It is the possibility that the user has to use the health services guaranteed by the General Social 
Security System in Health. 

b. Opportunity. It is the possibility that the user has to obtain the services he requires, without delays that put 
his life or health at risk. This characteristic relates to the organization of the supply of services in relation to 
demand and the level of institutional coordination to manage access to services. 

c. Safety. It is the set of structural elements, processes, instruments and methodologies based on scientifically 
proven evidence that tend to minimize the risk of suffering an adverse event in the health care process or 
mitigate its consequences. 

d. Pertinence. It is the degree to which users obtain the services they require, with the best utilization of 
resources according to scientific evidence and its side effects are less than the potential benefits. 

e. Continuity. It is the degree to which users receive the required interventions, through a logical and rational 
sequence of activities, based on scientific knowledge. 
 

The manufacture of outpatient services refers to a series of medical specialties that are developed in organizations 
called Health Provider Institutions (IPS), which must be authorized by the general health system in order to 
complement, strengthen and generate this offer, this authorization requires these health care centers to comply and 
respond to the requirements established by the Mandatory System of Quality Assurance of Care In the case of 
Colombia, it establishes a set of institutions, standards, requirements, mechanisms and deliberate and systematic 
processes to generate, maintain and improve the quality of health services in the country.  From this point of view 
there are several indicators that are of interest to the health system, but for the present work only focuses the objective 
on two of them, which are: the opportunity and accessibility to the service, indices that seek to encourage improvement 
actions that increase the possibility of the user to obtain the services he requires,  without delays that put their lives or 
health at risk, reduce failures related to the organization of the supply of services in relation to demand, and with the 
level of institutional coordination to manage access to services. These indicators have been considered very critical 
since according to a report generated by the World Bank 2019, in its study called External Assessment of Quality of 
Care in the Health Sector in Colombia, it establishes that waiting times are still comparable to those of many high-
income countries, but they have increased for different medical specialties and remain a worrying problem. Average 
wait times have seen a moderate increase from 2011 to 2018, for example, for general practitioners (from 2.7 to 3.4 
days) and gynaecology consultations (2.7 to 10.1). Waiting times for pediatric consultations were 8.8 days, for internal 
medicine 12 days. Among 5 of the 19 OECD countries that contributed data, at least half of the residents waited four 
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or more weeks to see a specialist, suggesting an average waiting time of at least one month, which is not unrelated to 
the case study selected for this proposal where the opportunity in the allocation of specialized medicine appointments 
is between 45 and 60 days,  which at present and given the times of pandemic has been mostly impacted (The World 
Bank Group, 2019).   
 
Given the elements described above and especially what is established by the SOGCS, the OPPORTUNITY aspect 
is established in this work as the fundamental axis of action, for which the following question arises: 
 
¿ How to Guarantee the quality of Health Services through the guarantee of offering timely health services that 
promote the permanent availability of the service, without any delay? 
 
1.1 Objectives. 
For the development of this work, the following objectives have been proposed: 
 

• Describe, through graphic tools and in a narrative manner, the process of external consultation of the Health 
Service Provider Institution under study. 
• Characterize through management indicators and statistical graphs the process of external consultation of the 
Institution Providing Health Services under study. 
• Propose a conceptual model based on Lean Healthcare and Personnel Scheduling Problem criteria that allows 
optimizing the assignment of shifts of medical personnel and thus contribute to that of opportunity indices in the 
assignment of outpatient appointments. 

 
2. Literature Review. 
2.1 The Servuccion System.  When we talk about Servuccion (manufacture of services), it is very important to 
establish mechanisms that allow standardizing processes in order to guarantee the necessary resources to manufacture 
quality and highly productive services. The service refers to those manufacturing systems of very high complexity 
framed in most cases in the classification of production systems by project since it is to satisfy particular needs, not 
standardized of customers from various sectors of the market as is the case of the health sector, where the 
standardization of processes is difficult because although the symptomatology of a disease is the same the cause that 
the generation is different therefore the way to face this symptomatology is different (Garzón Saenz, Solana Garzón , 
& Otiz Piedrahita, 2017). 
 
Servuccion is a French term proposed by the French professors Pierre Eiglier and Eric Langeard, to designate the 
process of manufacturing a service in an equivalent way to production that is how the process of making a tangible 
good is traditionally called.  Servuccion is the systematic and coherent organization of all the physical and human 
elements of the client-company relationship necessary for the realization of the provision of a service whose 
commercial characteristics and quality levels have been determined. (Eiglier & Langeard, 1989). So, in the same way 
that to manufacture a good requires a production system that develops in a logical, orderly and sequential way tasks 
in which labor, machines, raw materials interact with the help of a method or procedure in a previously defined 
environment until obtaining the finished product and finally through a distribution and marketing system make it 
available to a market.  For the manufacture of services requires the interaction of three components such as the contact 
personnel, the physical agent and the customer at a time that unlike the manufacture of goods there is no new 
opportunity to repeat and is what is called moment of truth (Serna Gomez, 2015), in which all the necessary conditions 
must be generated to guarantee the customer a truly incomparable experience  (Pereira Calvo, 2014). 
 
2.2 Lean Healthcare.  Lean Healthcare is a derivation of the Lean approach proposed through the Toyota 
production model  (Pestana Magalhaes, Lorenzini Erdmann, Lima Da Silva, & Guedes dos Santos, 2016) and widely 
applied and developed in the manufacturing sector, but which in this case focuses on service manufacturing, involves 
the elimination of inefficiencies to ensure that all the work done provides value and meets the needs of customers 
(Ruiz Orjuela & Ortiz Pimiento, 2015).   The application of the Lean methodology aims to improve quality, eliminate 
waste and reduce waiting times, in addition to reducing costs and increasing productivity without this implying an 
increase in pressure on staff or a decrease in the quality of service to the end customer. In the case of services, it allows 
to reduce service times (which in manufacturing are called cycle times) to improve response times or Tack Time. 
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For the application of the Lean Healthcare model, it is important to define all those activities that involve a cost for 
the company, that do not add value or meet the needs of patients, but are consuming resources. Some of these "wastes" 
are (Amado Lopez, Osorio Rubio, Molina Gomez, & Duarte Forero, 2019): 
 

• Waiting times for room assignment, appointments to be attended or to obtain supplies.  
• During processing due to repeated processes or different changes in material location; Request for 
unnecessary diagnostic tests. 
• Inventories due to excess material; waiting lists 
• Transport of samples, patients, medication or supplies. 
• The excess of displacements for the search for medicines or medical records, nurses with patients in charge 
located in different sites. 
• Overproduction caused by the preparation of reagents or medication in advance of what is really necessary. 
• Defects caused by a misidentation of samples, diverse extractions for the same analysis, reimbursement of 
patients for misdiagnosis or treatment. 

 
2.3 Staff scheduling problem. The problem of scheduling service personnel has been gaining strength every 
day for both the public and private sectors. It's an extension of the standard shift scheduling problem with some key 
limitations. But at present, the increasing generality of this problem has led to greater model complexity due to its size 
and pure whole nature. Therefore, it is very difficult to fix optimally. Numerous approaches have been established to 
model and solve this problem. The current economy is characterized by a number of companies in the service sector, 
which tends to be labor intensive, as is the case in the health sector. Therefore, it is very important to effectively use 
human resources, which are generally the most expensive for most organizations. Effective scheduling of labor can 
reduce the cost of human resources and also improve customer service and increase customer satisfaction.  In recent 
decades, staff scheduling problems have been studied extensively. Increased research attention could be motivated by 
economic considerations. For many companies, labor cost is the main component of direct cost. So, reducing this cost 
by a small percentage could be very beneficial. ( Shrikant Pawar & Bhagwan Hanchate, 2013). 
 
Scheduling and shift assignment issues are found in various types of organizations and industries, including 
manufacturing, call centers, the airline industry, healthcare, utilities, and the transportation industry. More generally, 
the importance of an efficient shift scheduling system is critical for any organization indistinct from size, nature, etc. 
In the case of the service industry, where production and consumption normally coincide. The generation of optimized 
patterns of shifts and lists is, without a doubt, a key instrument to make and dispose of the best way of such a vital 
resource for a service company. The efficiency of such a system leads to maximizing the customer experience by 
matching demand to the right staffing level and minimizing cost by reducing resource downtime. (Dorne, 2008). 
 
The problem with programming in most service organizations is to set programs per week, day and hours for staff.  
Basically, management wants to derive a staffing plan that 1) requires the fewest workers to complete the daily load, 
and 2) minimizes variations between actual and planned production.  To solve the problem, a daily demand forecast 
is made for each function. This becomes the hours of work that are required per function, which then become the 
necessary workers per function. These figures are tabulated, added and adjusted according to a factor of absences and 
vacations, to give the planned hours. They are then divided by the number of hours of the working day to give the 
number of workers that are required.  This situation of personnel scheduling can be addressed thanks to a simple rule, 
the principle of the first hour, which establishes that, during that first hour, a number of workers equal to what is 
needed in that period is assigned. Each following period is assigned the exact number of additional workers to meet 
the needs. When, in a period, one or more workers finish their shift, more workers are added only if they are needed 
to cover the needs. (Chase, Jacobs, & Aquilano, 2009). 
 
3. Methods 
The present work was developed under a descriptive and applied approach, since through direct observation and the 
identification and measurement of variables associated with the quality of manufacture of the health services offered 
by the Health Service Provider Institution that has been used as a case study for the aforementioned work,  the causes 
and consequences that affect the opportunity in the assignment of specialized medicine appointments or outpatient 
consultation in the specialties of allergic and respiratory diseases will be established and on the other hand for the 
elaboration of the conceptual proposal that optimizes the assignment of shifts of medical personnel, criteria based on 
approaches such as Lean Healthcare and Personnel Scheduling Problem will be applied. 
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4. Results and Discussion. 
4.1 Technical Description of the Process. 
The process that is selected to describe is that of external consultation in which specialties are developed, such as: 
Paediatric Pneumology, Pneumology for adults, Physiotherapy, Allergology, Paediatrics, Respiratory tests, 
Dermatology and Otolaryngology taking into account that there are stages prior to care. Below is the flowchart of the 
outpatient care process (Figure 1): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. General Flowchart of the External Consultation Process 
 

Table 1.  Description of the activities identified in the General Flowchart of the External Consultation Process  
 

Activity Decision 
1 Appointment assignment 1 Do you have all the papers in order? 
2  Appointment confirmation 2 Is it Pediatric Care? 
3 Pediatric Care 3 Is Allergology care? 
4 Allergology Care 4 Is dermatology care? 
5 Dermatology Care 5 Is it Physiotherapy care? 
6 Otolaryngology Care 6 Is it Pneumology care? 
7 Pneumology Care 7 Is Pediatric pulmonology care? 
8 Pediatric Pneumology Care 8 Get appointment control? 
9 Immunology Care   

10 Physiotherapy Care   
  
The activities carried out in the clinic will be described in the following paragraphs, which are (Table 1): 
 
• Appointment assignment: This is the first stage of the entire process of a patient's care, the patient approaches 

the clinic facilities, goes to reception to be scheduled for their appointment or makes a phone call to be scheduled, 
delivers their papers (authorization and order of external consultation issued by their EPS),  these are verified to 
corroborate that they are in order, after this the identification of the patient is sought in the system, when it is 
found it is assigned the specialty to which it is referred from its EPS and it is asked what day within the available 
can attend the appointment of specialized medicine and is assigned the day and time of attention,  after this a 
medical order is delivered. 
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• Appointment confirmation: The patient arrives at the clinic and approaches the reception to confirm the 
appointment, this shows the required documents (referral, medical history, date of referral, authorization of the 
service and medical order that was given on the day of the assignment) to take the consultation the documents are 
reviewed, then a shift is assigned according to the specialty that this requires and then waits to be treated. 

• Consultation: When the consultation begins, the doctor makes the patient an anamnesis to know his state of 
health, then the patient delivers to the specialist doctor the authorization that contains the reason why it was 
referred, then it is passed to an auscultation review to know the causes pathologies, after this a general physical 
examination is carried out (this is done in all specialties) and a palpation is performed that will depend on the 
pathology, the pathology is determined and the information is typed into the medical software, the treatment that 
the patient will receive is prescribed, the prescription and the authorization for appointment control are printed. 
In any case that it is a patient of appointment control the diagnosis is made as if it were in the first time, but in 
this case it is to see if your state of health has improved or worsened, the exams or treatments ordered to be done 
are reviewed to see if you need to perform any other treatment, but this will depend on the severity of the disease,  
prior to this, the typing of the results found in the patient is carried out and it is decided whether to give another 
control appointment or not (this will depend on the evolution that the patient has had) and the other prescription 
and authorization for an appointment a control is printed. The following activities are carried out in all medical 
consultations, either by general consultation or by specialized consultation: 
 

 Inspection: In this is the first contact that the patient has with the doctor, since the doctor through a visualization 
looks at his colour, if he may be dehydrated, in the handshake, you can see the state of the nails, muscle tone, 
their shape, among others, the main ones are: General conditions, Age,  Constitutional type or morphological 
biotype, the general state of nutrition, Posture-Position and attitude, Dynamic capacity, Expressions, State of 
consciousness and language, Mastery of hemispheric location and Weight and Height.  

 Auscultation: In this a series of questions is asked to the patient of how he has felt and what have been the 
symptoms that he has presented so far, also takes into account the clinical history of the patient in order to find a 
relationship of the symptomatology presented previously with the current one. 

 Palpation: At this stage of the consultation, the patient is taken to a stretcher and examined by palpation with 
touch, the state of his body and the parts that the pathology presented is reviewed. This palpation will depend on 
the type of pathology that the patient has. 
 

4.2 Characterization of the External Consultation process. 
Through the characterization it is intended to show the behavior of some indicators, associated with the management 
of operations of the external consultation process and especially in the quality perspective, which must be reported 
to the control entities periodically as established by the information system for quality established by the Mandatory 
System for Quality in the Health Sector, the indicators are: 
 

Table 2. Quarterly behavior of the Global Satisfaction Index of the Users of the External Consultation Service 
Studied  

 
INDICATOR 

NAME Overall Satisfaction Ratio 2020 - 2021 
GOAL 
2020 ≥80% 

GOAL 
2021 ≥90% 

BIMONTHLY / 
QUARTER 

JAN -
FEB/202

0 
MAR - 

APR/2020 
MAY - 

JUN/2020 

JUL - 
AUG/202

0 
SEPT - 

OCT/2020 
NOV - 

DEC/2020 

JAN - 
MAR/202

1 
APR - 

JUN/2021 
Number of 

affiliates and 
users who 
consider 

themselves 
satisfied with 
the services 

received in the 
IPS 

243 229 204 215 214 257 248 761 

 

 

 
284 257 248 255 263 288 270 826  
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Total number 
of affiliates 
surveyed by 

the IPS. 

 

 

 

Overall 
satisfaction 

ratio. 
86% 89% 82% 84% 81% 89% 92% 92% 

 

 

 
 

MEANING OF 
THE 

INDICATOR 

The monitoring of this indicator will allow to identify the level of satisfaction of the users 
with the services and treatment received by the institution providing health services. 

 

 
 

As described in Table 2, which shows the results of the indicator called proportion of the degree of global satisfaction 
for the period between 2020 and 2021, where for 2020 the indicator was measured with a bimonthly frequency and 
with a goal greater than or equal to 80% satisfaction and for 2021 a quarterly measurement was established and with 
a goal greater than 90%,  a positive behavior is observed for the aforementioned period where 100% of the 
measurements show compliance above the proposed goals but 100% satisfaction is never obtained in terms of the 
services and treatment received by the users of the different specialties offered in the Institution Providing Health 
Services. 
 

Table 3. Cumulative Behavior of the Appointment Opportunity Index by Specialty for the Outpatient Service 
Studied  

 

INDICA
TOR 

NAME 
Opportunity for appointments by 

specialty 2021 

GENERAL 
GOAL 

SPECIALTI
ES <=30 days 

PEDIATRIC
S GOAL <=5 days 

SPECIA
LITY 

ALLERG
OLOGY 

DERMAT
OLOGY 

PHYSIOTH
ERAPY 

PHYSIOTH
ERAPY 

ADULT 
PULMON
OLOGY 

OTOLARY
NGOLOGY 

PEDIAT
RICS 

Total sum 
of the 

calendar 
days 

elapsed 
between 
the date 

on which 
the patient 
requests 

an 
appointme

nt to be 
treated at 

the 
specialize
d medical 
consultati
on and the 

date for 
which the 
appointme

159423 6824 1856 28405 55803 8455 1959 
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nt is 
assigned. 

Total 
number of 
specialize
d medical 
consultati

ons 
assigned 

in the 
institution

. 

5120 645 431 1184 2254 494 418 

 

 
 

 
Appointm

ent 
opportunit
y days by 
specialty. 

31 11 4 24 25 17 5 

 

 
 
 

MEANIN
G OF 
THE 

INDICA
TOR 

The monitoring of this indicator will allow to identify the opportunity of appointments by 
specialty in the institution 

 

 
 
Table 3 describes the behavior of the appointment opportunity indicator by specialty for the outpatient service, for 
which the following analysis considerations are established: the established values are accumulated values for the first 
6 months of the year 2021, a goal is established for general specialties such as Allergology; Dermatology; 
Physiotherapy; Adult Pulmonology; Otolaryngology that should be less than or ideal at 30 days and for pediatric 
specialties such as Pediatric Pneumology and Pediatrics in which the goal must be less than or equal to 5 days, it is 
observed that the highest rates of attention are in the specialties of Allergology; Adult Pulmonology and Pediatric 
Pulmonology, of which the specialty of Allergology is critical in the opportunity indicator with an average of 31 days 
to assign an appointment, followed very closely by the specialties of Adult and Pediatric Pneumology the latter 
evidencing a high degree of criticality since it would be analyzed from the specialty of Pediatrics where the goal is 
less than 5 days to assign the appointment,  Likewise, there is an opportunity for improvement in the specialty of 
Pediatrics where on average the goal is achieved but without opportunity to vary above the established limit because 
the defined indicator would be in non-compliance. 
 
4.3 Proposal of a Conceptual Model for the Optimization of the Assignment of Shifts to Medical 
Personnel in the External Consultation Process of the IPS studied.  
 
For the development of this proposal, two general considerations have been established, such as: 
 
a) The standardization of the outpatient consultation process from the study of the work under the Lean Healthcare 

approach, which is described as follows: 
 
When we talk about customer expectation in service delivery systems, we refer to a set of objective and subjective 
quality characteristics that are not constant, since these are influenced by different factors such as knowledge and 
experiences lived by consumers. When a user receives a service and is satisfied, the next time he requires this 
same service he will not expect less than what he received last time, on the contrary, the most likely thing is that 
his expectations have increased and the organization faces a new challenge, that of constantly reinventing itself 
ensuring the quality of its services and improving it.  A conceptual model will be used for the development of the 
work study that helps the organization in this continuous improvement, under the Lean – six sigma approach. The 
result is a reinforcement cycle (called continuous improvement) that, unlike the PHVA cycle, permeates 
organizational strategies.  The conceptual model proposed in Figure 2, presents the study of work in Servucción 
systems as a methodology that gives us both quantitative and qualitative knowledge of the processes, which 
combined with engineering tools potentiaries the improvement alternatives that will be evaluated. If the proposed 
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alternatives are adequate, we proceed to the standardization of the work and start the cycle again, which starts 
from the strategic identification of opportunities for improvement (Garzón Saenz, Solana Garzón , & Otiz 
Piedrahita, 2017).  

 

  
 

Figure 2. Conceptual Model for Standardization of the Outpatient Process under Lean Healthcare 
Approach.  

 
Through which it is intended to identify the waste that is being generated at the level of the specialties of the external 
consultation process object of study in order to establish the human resource that is required to guarantee the 
opportunity rates in the assignment of specialized medicine appointments. 
 
Definition of the conceptual model for the process of assigning shifts to medical personnel, which will depend on the 
following variables and the way they interact (Figure 3): 
 
 On the one hand there will be the decision variables, such as the Number of Patients / Specialty defined in a time 

horizon that can be daily, weekly, monthly or according to the criteria established by the IPS to develop the 
assignment process and that in turn we will define as required attention capacity and the number of doctors 
available per specialty,  also framed in the time horizon established for the analysis and that we will define as 
Available Attention Capacity both variables must be expressed in man-time so that they are susceptible to 
comparison and from which we will make a decision of whether we lack or have excess capacity to manufacture 
the service. 
 

 On the other hand, the restrictive variables are established that are those that limit the assignment of shifts and 
medical availability, they are the Time of medical availability, which will be defined by the doctor and will be 
associated with the times that the specialist doctor has to work, Total Real Time Available for care which is 
defined by the IPS taking into account non-working times (Sundays,  holidays, weather events among others), 
standard time of care, defined by the standards of the mandatory quality assurance system for the health sector.  
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ASSIGNMENT OF SHIFTS TO 
MEDICAL PERSONNEL

LIMITING VARIABLESDECISION VARIABLES

 
 
 
 
 

 
 
 

 
  
  
 
 
 
 
  
  
  
 
 
 
 

Figure 3. Conceptual model to optimize the assignment of medical personnel specialized in outpatient services. 
 
5. Conclusions  
• Outpatient services are wide and varied in the context, which allows us to establish that the problems around 
the opportunity in the assignment of appointments are common aspects in this type of services, which opens the 
possibility of replicating and validating this study and contributing to the improvement of quality levels in terms of 
health services and regaining confidence in these that they are so fundamental to the well-being of a nation. 
• To guarantee the quality and availability of sufficient resources in outpatient services, it is necessary to 
standardize such systems through the elimination of waste and only in this way will productive, quality and profitable 
systems that guarantee the well-being of individuals in a context be guaranteed. 
• The development of a conceptual model for the assignment of shifts to medical personnel specialized in 
outpatient services opens the possibility for future work focused on the development of technological applications that 
facilitate decision-making in these contexts and guarantee the full satisfaction of customers or users of such systems. 
• In the case of Colombia, the health sector offers a diverse range of possibilities for improving its processes, 
so industrial engineering and operations research become strategic allies in reference issues such as process 
standardization, elimination of waste, quality management among other competences of these disciplines and that the 
health sector is requiring it with haste in the framework of innovation processes. 
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