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ABSTRACT 

APPROXIMATION OF NET AREA REQUIREMENTS OF SIMULATION 

FACILITIES FOR HEALTHCARE EDUCATION IN TURKIYE 

Although, simulation in healthcare practice dates back to ancient times, emerging of 

practical education with simulation has gained its popularity in modern era. In modern 

approach, education in healthcare is a hybrid model where theoretical and practical trainings 

are executed together. By the increasing popularity of simulation in healthcare globally, 

simulation centers and labs around the world became the key facilities for practical sessions 

to be held. However, no design template or design algorithm is published as a regulation to 

standardize healthcare education worldwide or locally. Therefore, designing simulation 

facilities are still challenging for institutions. Despite the fact that the governmental bodies 

in Turkiye have issued regulations mandating minimum area requirements for the 

commencement of simulations, the practice of simulation remains a challenging endeavor 

for institutions within the country. 

This study aims to establish a CAD (Computer Aided Design) model based on the 

governmental regulations of Turkiye, possible student capacities and search for quantitative 

upscaling methods of area needs for the model that can be adapted to any student capacity 

by using step function methods. Before calculations, CAD drawings are realized and area 

dimensions are recorded for the data processing. Afterwards, heterogeneity of increments 

are homogenized to output a floor function. After outputting functions, area needs for such 

design versus student capacities more than 240 are extrapolated. 

According to the findings, using step function approach for upscaling such model is possible 

and useful for needs recognition, yet it is not definitive for every occasion due to other 

concerns of simulation center design such as budgeting, establishment of laboratories in 

already constructed buildings which pose restrictions on space at design and need of more 

definitive regulations.  
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ÖZET 

TÜRKİYE'DEKİ SAĞLIK EĞİTİMİ İÇİN SİMÜLASYON TESİSLERİNİN NET 

ALAN GEREKLİLİKLERİNİN YAKLAŞIK GÖSTERİMİ 

Sağlık uygulamalarında simülasyon, antik çağlara kadar uzanan bir tarihe sahip olsa da, 

simülasyonla pratik eğitimin bir arada kullanıldığı yaklaşım modern çağda popülerlik 

kazanmıştır. Modern yaklaşımda, sağlık eğitimi teorik ve pratik eğitimlerin bir arada 

yürütüldüğü bir hibrit modeldir. Sağlıkta simülasyonun küresel olarak popülerlik 

kazanmasıyla, dünya genelinde simülasyon merkezleri ve laboratuvarları, pratik oturumların 

düzenleneceği ana tesisler haline gelmiştir. Bununla birlikte, sağlık eğitimini dünya çapında 

veya yerel olarak standartlaştırmak için tasarım şablonu veya tasarım algoritması 

yayınlanmamıştır. Bu nedenle, simülasyon tesislerinin tasarımı, kurumlar için hala zorlu bir 

işlemdir. Türkiye'deki hükümet organlarının simülasyon başlatmak için minimum alan 

gereksinimlerini belirleyen yönetmelikleri çıkarmış olsalar da, simülasyon uygulaması 

ülkedeki kurumlar için hala zor bir çaba olarak kalmaktadır. 

Bu çalışma, Türkiye hükümetinin yönetmeliklerine, mümkün öğrenci kapasitelerine 

dayanan bir CAD (Bilgisayar Destekli Tasarım) modeli oluşturmayı ve alan ihtiyaçlarının 

nicel olarak ölçeklendirilmesi için adım fonksiyonu yöntemleri kullanarak her öğrenci 

kapasitesine uygun şekilde adapte edilebilen bir model aramayı amaçlamaktadır. 

Hesaplamalardan önce, CAD çizimleri gerçekleştirilir ve veri işleme için alan boyutları 

kaydedilir. Daha sonra, artışların heterojenliği homojenize edilerek bir taban fonksiyonu 

elde edilir. Fonksiyonlar çıktılandıktan sonra, böyle bir tasarım için öğrenci kapasitelerine 

göre alan ihtiyaçları ekstrapole edilir. 

Bulgulara göre, bu tür bir modelin ölçeklendirilmesi için adım fonksiyonu yaklaşımının 

kullanımı ihtiyaçların tanınması için mümkün ve faydalıdır, ancak bütçeleme, önceden inşa 

edilmiş binalarda laboratuvar kurulumu gibi diğer simülasyon merkezi tasarımı endişeleri 

nedeniyle her durum için kesin olmayabilir ve daha kesin yönetmeliklere ihtiyaç duyulabilir. 
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1. INTRODUCTION 

1.1. DEFINITION OF SIMULATION AND USE OF SIMULATION IN 

HEALTHCARE EDUCATION 

At a broader extent, simulation is defined as a technique that creates a situation or an 

environment mimicking real-life experiences or an event. It can also be referred to artificial 

representation of the real word. Specifically for simulation in healthcare, simulation is also 

a technique of education or evaluation of an event occurring maximally mimicking real-life 

environment and experience to acquire deeper understanding of human systems, learning 

and assessment[1,2]. 

Use of simulation for the training of healthcare providers became popular in history 

continues to be more popular. Two of the main reasons of simulation training becoming 

more important is patient safety and differentiating learning profiles of the new generations. 

However, researches for the effect of the simulation training on patient safety and healthcare 

providing developments are still relatively low in spite of evidence-based learning literature 

is growing [3]. Furthermore, the other reasons for simulation training becoming more 

important is that new generations are altering conventional learning methods that so-called 

“Millennials” often prefer to dive into the subject matter of research and learning in a more 

personal and interactive manner [4]. It can be understood that new generations prefer more 

interactive and personal learning profiles. Moreover, as technological developments in 

computer science, engineering and audio-visual contents continue in a positive increment in 

logarithmic patterns, newer generations are more adapted to use these tools to acquire 

knowledge from. Therefore, classical approach to learning from books and theoretical 

lectures are becoming insufficient for the learners which can be stated as “boring”. 

Although newer generations’ learning profiles change, one more critical perspective of 

involving simulation type practical education in such professions is to reduce risks in 

applications of knowledge. High-risk professions are groups of occupations that any 

inconsistency occurring during the execution of the work can cause human death or even 

mass catastrophes such as airplane crashes. Therefore, two of high-risk professions can be 
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stated as aviation and healthcare providing. That is why, simulation and practical education 

becomes more important in these areas for the training of the former professionals. Flight 

Simulation is a common knowledge that pilots are trained in simulators for different 

environmental conditions to handle the plane. Furthermore, it is also common that after plane 

crashes, simulation flights are done in judgement and investigation periods to list the 

outcomes and increase the understanding of the causes of that specific plane crash. 

According to statistics, most of the error occurrences and accidents in aviation are caused by 

personnel [5]. Similarly, another high-risk profession, in healthcare providing most of the 

cause of deaths are found to be human factors mostly. Roughly, human errors account for 

approximately 60% of error-related complications in healthcare as an example for 

anesthesiology [6]. Thus, pilots and physicians are the key elements to be trained well for 

increasing safety and decreasing death numbers by human factor errors. That is why, medical 

simulation is gaining importance especially in last decades. 

Simulation in healthcare education has its unique approaches as practical trainings aiming 

for teaching a medical procedure to trainees itself to students, scenario-based training aiming 

for training professionals and making them to transfer their knowledge under life-like 

conditions and etc. Henceforth, modern approaches to simulation training are hybrid systems 

where professional training takes place in both practical sessions and scenario-based training 

where theoretical and practical knowledge should be used. Therefore, simulation training 

contents cannot be separated from each other. Another acceptance worldwide is that 

spaces/facilities where simulation and scenario-based training takes place should be 

constructed and designed in likeness of real healthcare environments such as hospitals. 

Furthermore, as hospitals and other healthcare providing organizations involve different 

types of teams formed of different professions, interprofessional efficacy plays a key role in 

delivery of safe quality-care [7,8]. Consequently, simulation training facilities seem should 

be built properly for allowing these interprofessional work style which means that an 

effective simulation training facility must be designed as an organization consisting of 

different professional care giver components to improve interprofessional teamwork and 

communications. 
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1.2. PRACTICAL VS SCENARIO-BASED HEALTHCARE EDUCATION 

There are several approaches for professions that require simulation training yet up to date 

approaches are a composition of these techniques where both practical and scenario-based 

training models are used in joint. Fundamentally, practical training model aims to teach 

students the practice itself and having them learn several applications to use in real-life. On 

the other hand, scenario-based education model aims to train students under life-like 

designed environments by a scenario and teach them by failure method. Further details are 

to be given in the literature review. 

1.3. DESIGNING OF SIMULATION CENTER 

It is seen and known that there is no template simulation center design in literature due to 

necessities of institutions differ from each other. Additionally, education is not standardized 

to a point that a trainee can use its knowledge worldwide. In aviation and healthcare, this 

issue is more likely to be standardized everywhere yet more actions need to be taken. 

Therefore, simulation centers are designed uniquely for the needs of that specific 

organization. Furthermore, layout plans such as star-shaped, linear or circular flow layouts 

as well as content/scope of the simulation facilities differ depending on the architectural 

aspects of the organizations, educational goals and budgets. Further details and literature 

review of designing simulation centers are to be given in literature review. 

1.4. HEALTHCARE EDUCATION STANDARDS IN TURKIYE (ÇEP + YÖK) 

There are different curricula in healthcare education worldwide yet, standards of medical 

education are standardized to an extent. In Turkiye, there are two layers of standards for a 

healthcare education organization to begin its training life. First layer is to create proper 

curriculum based on ÇEP (Çekirdek Eğitim Programı – Core Education Program). 

Afterwards, as a second layer, institutions have to ensure that minimum space criteria 
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regulated by governmental body named Y.Ö.K (Yükseköğretim Kurulu – Council of Higher 

Education) are satisfied. 

1.4.1. Y.Ö.K’s Minimum Space Criteria Regulations 

Y.Ö.K’ s regulations are standards declared that any institution desiring to start its own 

training life should comply these rules and build a satisfactory environment for the training 

to take place. Contents of these regulations involve classrooms, libraries, faculty size to 

student capacity ratio, practical education space criteria and academic staff numbers which 

will be mentioned in more detailed in methodology section [9–11]. Any institution that are 

not fulfilling these requirements declared by the governmental body are not allowed to begin 

their education life. Therefore, healthcare education institutions in Turkiye are constructed 

and designed under specific patterns. Y.Ö.K’s design considerations are based on 0 to 60 

student capacity schools and regulations are given for capacity increments for every 60 

students. Summary of these regulations for both medicine faculty and nursing faculty are 

given at the methodology section. In this study, parts of the document containing practical 

education space criteria are to be used as a guide in designing phase. 

1.4.2. CEP Content and Curriculum Formation 

Proper curriculum is the key to quality education. As well, curriculums aim and help 

institutions and countries to standardize education given to students at the base level. Quality 

and academic performance of these institutions depend on the design and additive contents 

on curricula which means that institutions in Turkiye are obligated to provide curriculum 

defined by the government and allowed to add content to their training structure to develop 

their curriculum. That is why, both academic performance and quality may vary and depend 

on the institution itself. However, as it is standardized, a undergraduate students’ learning 

objectives are assessed based on ÇEP after their graduation. ÇEP system provides every 

student equal education at a base that lets them to start their professional life equally. 

There are different ÇEPs for every profession group as well as in healthcare education, every 

profession/department (e.g.: physiotherapy, nursing, medicine and etc.) have their own 
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ÇEPs. Also, primary and standard learning objectives of these professions are defined. For 

this study, ÇEPs of nursing and medicine schools, consecutively HUÇEP (Hemşirelik Ulusal 

Çekirdek Eğitim Programı – National Core Education Program of Nursing) and UÇEP 

(Mezuniyet Öncesi Tıp Eğitimi Ulusal Çekirdek Eğitim Programı – National Core Education 

Program of Undergraduate Medicine Education) are to be used [12,13]. Even if ÇEPs affect 

the design considerations, as practical education needs are regulated, standardized by Y.Ö.K, 

these declarations are the primary source for a simulation facility design rather than ÇEPs, 

even designs are preferred and built around curricula of the institutions around the world 

[9,10,14–16]. 

Every ÇEP has its unique learning outcomes and knowledge levels. These outcomes and 

levels are given on the learning outcomes lists belonging to that ÇEP uniquely. Therefore, 

as an example, ÇEP dictates that a medicine student should learn basic life support to the 

degree of level 4 or intraosseous application to the degree of level 2 or a nursing student 

should learn urinary catheterization to a degree of level 3 before graduation [12,13]. 

All in all, simulation centers to be designed in Turkiye are to be following minimum 

requirements of space criteria of YÖK and should be capable of servicing for the practical 

education to satisfy the learning objectives (which can be practically applicable by 

simulation practice where skills and theoretical knowledge are described as a whole in the 

document) and capable enough to pass the annual governmental inspections whether the 

facility is capable or not. Detailed information and learning objective lists of UÇEP and 

HUÇEP are given in Appendix A.1.1 and A.1.2. 

1.4.3. Calculating Size vs Student Capacity in Simulation Facilities 

Mathematical applications and converting such studies into mathematical operations have 

more than one way yet there are type of equations fitting best to a specific situation. As 

mentioned in section 1.4.1., Y.Ö.K’s standards are given for minimum student capacity 

range which is 0 to 60 students and only some of the laboratories are to be increased in size 

depending on the student capacity. Therefore, there are two options that changes can be 
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observed piecewise or by deduction. For this type of study, epagoge style of methodology 

will be used. 

1.5. RATIONALE FOR THE STUDY 

This study hypothesizes that depending on the student capacity, changes in facility can be 

converted into mathematical equations and quantized. Secondarily, for every student 

capacity, a template of design can be upscaled without interrupting the general layout. 

Therefore, aim of this study is to create a basic template for approximate net area 

requirements of a simulation facility minimally fulfilling governmental regulations for 

serving nursing and medicine schools and derive an equation for upscaling purposes for more 

crowded student capacities and extrapolate area needs up to 420 student capacities. 
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2. LITERATURE REVIEW 

2.1. HISTORY OF SIMULATION IN HEALTHCARE 

Even if simulator history dates back to 1960s, it is thought that simulation history dates back 

to 300-600 AD Early Classic Maya where a clay sculpture of a human head demonstrating 

anatomy is found. In addition, in 1027, Wang Wei-Yi (987-1067) the imperial physician 

responsible for standardizing acupuncture education used the first patient simulator made of 

bronze to teach surface anatomy and acupuncture sites on the model [17]. Simulators for 

demonstration purposes were used broadly in history yet the first interactive simulator 

“Resusci-Anne” was found by a toy manufacturer Asmund Laerdal in 1960s [18]. 

Afterwards healthcare training with the help of simulators era has begun and today 

simulation in healthcare yields on simulator technologies and modern teaching methods. 

Before 2000s, mannequin simulation training was generally used in emergency, 

anesthesiology and reanimation where life-threatening events were simulated. After 2000s, 

high fidelity simulation and adaptation of computer science to technology introduced itself 

to healthcare education. 

2.2. SIMULATION CENTERS AND DESIGNING OF A SIMULATION CENTER 

IN LITERATURE 

Early simulation training facilities were usually a product of individual trainers working in 

small groups or alone within their departments with the self-developed or adapted 

commercial products [3,19–21]. In addition to this, simulation centers for healthcare 

education began to establish in 1990s. Back in those dates, these simulation centers were 

funded by public, military drug companies, educational funds and revenues obtained from 

courses. Yet, the real jump in simulation center establishments occurred in 2000’s [3]. Most 

of the simulation centers in the world now are multi-modal, interdisciplinary and suitable for 

peer-to-peer and interprofessional teamwork. 
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Simulation center design depends on so many perspectives where architecture, engineering, 

information technology, medical education, management know-hows have to be 

collaborated to finalize and establish an effective simulation center design. As different 

professional approaches are needed, these professionals must be working in teams to create 

an accreditable and “best-fitting for goals” simulation center. Yet simulation centers in 

healthcare education around the world can be separated into two major categories as 

scenario-based simulation centers and multi-modal simulation centers. Scenario-based 

simulation centers and multimodal simulation centers are both used in healthcare education 

to provide learners with realistic training experiences. However, there are some key 

differences between these two types of simulation centers. 

Scenario-based simulation centers typically focus on creating realistic scenarios or case 

based learning that simulate patient care situations. Learners are typically presented with a 

patient history, vital signs, and other relevant information, and are then required to diagnose 

and treat the patient based on the information presented. These simulations are often 

designed to replicate real-life situations that healthcare providers might encounter in their 

practice, and may involve simulated/standardized patients (SP), mannequins, or virtual 

reality technology. Scenario-based simulation is not defined but the term “scenario” specific 

for healthcare education defined in SSH’s Healthcare Simulation Dictionary as; 

The scripts, stories, or algorithms created for instructing the participants, including the simulators 

(human or robotic), on how to interact with the students(2). 

Multimodal simulation centers, on the other hand, typically incorporate a wider range of 

simulation modalities. In addition to scenario-based simulations, these centers may also offer 

opportunities for learners to practice procedures on models or mannequins, or to use virtual 

reality or augmented reality technology to practice specific skills or tasks. These centers may 

also offer opportunities for learners to practice communication and teamwork skills, or to 

participate in role-playing exercises. Multiple modality (multi-modal) simulation is defined 

in SSH’s Healthcare Simulation Dictionary as; 

The use of multiple modalities of simulation in the same simulation activity; differentiated from 

hybrid simulation in that it is not characterized by the combining of one type of simulation to 

enhance another, but rather the use of multiple types of simulation in the same scenario or place, 
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e.g., SP and manikin used in a scenario or a task trainer paired with an SP for venipunture, etc. 

(SSH)(2). 

Overall, while both scenario-based simulation centers and multimodal simulation centers 

can be effective tools for healthcare education, the main difference between the two lies in 

the range of simulation modalities offered. Scenario-based simulation centers tend to focus 

on creating realistic patient care scenarios, while multimodal simulation centers offer a wider 

range of simulation modalities and may provide learners with more opportunities to practice 

specific skills or tasks. 

At a design phase of a facility there are several key points to pay attention before starting 

the design: 

• Student capacity/quota: How much students are going to use areas? 

• Size of an area: If area is predefined, what is the size of an area. If area is not 

predefined and a facility is not constructed yet, how much area is needed for 

simulation should be considered where this study focuses on this problem. 

• Flow layout: Depending on the student capacity and area, which type of flow layout 

is needed for such a simulation center design should be considered. 

• Staff: There must be enough personnel to keep simulation center running. 

• Design: Must not exceed or become unrealistic in budgeting aspect. 

• Equipment: To be used in the simulation center 

• Number of departments: This facility will serve for their practical training. 

• Simulation center type: It can be hospital alike, scenario-based or focused on 

practical training. 
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2.2.1. Flow Layouts and Their Role in Simulation Centers 

One of the most effective points in simulation center design is deciding the flow layout. It is 

because of designers should be aware of what simulations are to be taking place in the center, 

how much student at a time will be using the facility, which areas should not be interrupted 

by dense traffic and which rooms are to be crowded. Generally, simulation and scenario 

areas require groups consisting of maximum 10 students to one scenario/simulation station. 

Student number exceeding 10 in a group causes the simulation sessions becoming low on 

quality and learning feedback decreases. When these problems are addressed, layout plan 

(Figure 2.1.) should be decided. 

 

Figure 2.1. Different flow layouts for simulation center. a) Star shaped, b) Linear, c) 

Circular 

Star shape flow layouts are the most complex layouts for a simulation center where a circular 

flow is generated at the center of the facility and other components of the simulation center 

(e.g.: emergency scenario, ICU scenario areas) are moved away from the center point. This 

layout plan can be advantageous where scenario-based trainings require separate 

applications but if a hospital alike design is considered, flow of joint scenarios could be 

discrete where scenario transitions can be interrupted. 
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Linear flow layouts are the fastest way to handle student trafficking that all application areas 

are at the same place, yet transitional scenarios of hospital alike configurations may be 

interrupted due to the traffic flowing at the middle point of the facility. Also entrances and 

exits are on the same place. Therefore, in spite of being the fastest flow layout, linear flow 

is not optimally appropriate for scenario-based and joint/multimodal simulation centers. 

Circular flow is one of the best traffic controlling layouts that students can be separated in 

two directions following 180-degree arc and exiting from the other end. This layout can also 

be configured as 360-degree flow by putting entrance and exits at the same area. Traffic flow 

rate would be slower and this layout is one of the most suitable design for a hospital alike 

scenario-based simulation centers yet lacks the easier accessibility where students would 

have to reach for the other end just for a specific simulation session. 

To sum up, there are no optimal layouts for simulation centers to be designed on. Especially, 

as it is discussable, centers using different layouts jointly for specific areas could benefit 

from both traffic control and simulation flow. Thus, combining layouts with just like the 

simulation practice of practical and scenario-based simulations executed together in an 

optimal simulation center could also benefit efficacy of the simulation sessions, flows and 

management of such center. 

Carla Talal Dleikan from American University of Beirut has realized a study in designing of 

a simulation center for the institution’s needs by using star shaped layout on a 600 m2 area. 

In this example the simulation center was control room centered and simulation areas 

distributed around this center. Thus increased the flow capacity of the simulation center. 

Furthermore, scenario-based hospital alike simulation center’s efficacy with such type of 

layout have increased because of the closeness of the scenario areas. Flow system was more 

of circular flow-based layout [16,22]. 

For the simulation centers having broader range of components such as number of scenario-

based training areas like emergency room, delivery room, ICU and etc. it is possible to 

configure such flow layouts yet in smaller size practices and facilities trying to keep 

compactness, ensuring these types of layouts become more challenging and design forces 

itself naturally to a linear or half-circular flow layout due to lack of additional rooms. 
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2.3. STUDY DESIGN AND SETTING 

As it is mentioned in literature review, simulation center/laboratory design phase is the first 

and most important concern for the facility to have mobility, availability and upscaling 

functions in terms of space, researching opportunities and educational properties. 

Additionally, as simulation centers facility design should be based on the needs of certain 

institution, there can be no standardized design for all organizations yet fulfilling 

fundamental requirements of a facility to be ran because budgeting and targets of educational 

entities may vary to their needs. Thus, in this study, governmental standard declaration 

document of simulation facility requirements for medicine and nursing schools is set as a 

primary resource and guide for the design phase [10,11]. Summarizing of Core 

Requirements for a Simulation Facility for both Medicine Faculty and Nursing Faculty 

Based on Governmental Standards 

Within the limits of governmental standards, summary of minimum requirements is listed as 

follows: 

• Medical Faculty 

o Anatomy and Dissection Rooms 

▪ Total of 5 tables as 1 master and 4 student tables where 30 students 

can work simultaneously 

▪ Student table number should increase as 1 for every 60-student 

increment (e.g., 4 tables for 0-59, 5 tables for 60-119, 6 tables for 120-

179 student capacity) 

▪ Cadaver preparation room: should be enough to operate and store 

needs of anatomy room (minimum 2 cadaver storage unit with an 

increment of +1 cadaver storage unit for every 60 students) 

o Anatomic Models Room 

▪ With enough space and functional area. 
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▪ Maximum of 10 students per table 

o Medical Education Labs 

▪ Basic Skills Labs 

• Space organization is left for staff to design itself 

• There should be enough space and models to operate an 

education; suturing, injection, airway, CPR, Nasogastric Tube 

and urinary catheterization models 

▪ Simulation Labs (Simulated Patient (SP) Lab) 

• Minimum 2 SP rooms up to 60 students (should be 3 for 60 

students) with a +1 increment for every 60 students. 

• Rooms should be a basic outpatient room that has patient 

chair, doctor table and PC with hospital software installed, 

patient examination table and storage units for devices like 

stethoscope, ECG. Additionally, a video camera and recording 

system is required. 

• Nursing Faculty 

• Basic Skills/Education Lab 

• A lab that allows group practices 

• Basic Skills and Nursing Essentials Lab 

• Patient unit (e.g., nursing desk, medicine preparation, patient bed etc.) 

• At least low fidelity dummy models/skills trainers for fundamental nursing practices. 

• Simulation Center/Lab 

• A room having audiovisual recording system 
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• Patient bed and human care simulator which is electronically responsive and has 

scenario creating properties for case management. 
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3. METHODOLOGY 

3.1. STUDY DESIGN AND SETTING 

This thesis is designed as a descriptive study for clinical education, biomedical engineer and 

education administration members in certain medicine and nursing schools to create an 

architectural and efficient usability vision of minimum requirements for a simulation lab or 

a simulation center to be virtually built based on governmental standards. Furthermore, when 

any facility is in architectural design phase, an effective communication and clarification of 

requirements declared by the future simulation personnel for the designers plays crucial role 

in building an efficient and enough space. Thus, detailed descriptions of what is needed in 

minimum has an effect of lowering future challenges given in section 5.1. 

After pinpointing the general needs of a nursing and medicine faculty simulation facilities 

which can be used jointly or separately given in section 4.2. As if these facilities are planned 

to turn into scenario-based simulation centers, they should be planned as together for 

space/location saving for the future additions where ICU, emergency, delivery room and 

other types of scenario rooms can be added. However, as it can be seen from official 

document, governmental bodies are not making these additions obligatory where no up-to-

date notice is declared over basic requirements based on student capacities. Furthermore, 

before starting the design phase, Ernst Neufert’s publication is referred for if there were any 

design considerations for simulation centers or hospital settings. When referred to the 

publication, there was no specific design considerations for simulation-based environment 

or educational units more than corridor widths (min. 1.50m), door dimensions (min. 2.10m), 

floor heights (min. 2.40m) and outpatient room area (min. 40m2) [23]. On this level Neufert’s 

standards could only be applicable for developed simulation center facilities where hospital-

like environments could be added for scenario-based education which is again not obliged 

for minimally executable simulation facilities in Turkiye according to the official standards 

document. Therefore, only corridor width and outpatient/doctor’s room dimensions 

(doctor’s resting bed and shelf system excluded which decreases min. 16-20 m2 area need 

approximately to 10 m2) are taken into account when designing the facility. 



16 

 

 

 

3.2. DESIGNING PHASE 

AutoCAD software which is generally used by architects is used for this design. At the first 

stage of the designing, flow character of the facility is decided as half rectangular and half 

circular flow. Because of the low general requirements, an affective and space saving 

rectangular flow would not be possible. Additionally, a fully satisfied circular flow would 

need more rooms of application or simulation where it would also conflict with the goal of 

designing a compact simulation and application area which can be upscaled with student 

capacity increment. That is why, minimally required areas are planned as two main blocks 

as one medicine faculty labs block and one nursing faculty labs block. 

First design was based on 0-59 student capacity medicine and nursing faculties. The base 

design consisted of: 

• Skills Lab and OSCE (60 student capacity) 

o OSCE labs are designed in conjunction with skills lab where medicine 

students could both study their practical skills like suturing, injection and 

have their practical exams. 

o 6 OSCE units with 10 student per table areas are designed as well as a small 

corridor type waiting room. 

• Anatomy Models Lab (60 Student Capacity) 

o As it is not mentioned in governmental document, the lab is designed for the 

same capacity need for anatomy dissection lab where 4 student tables are 

needed for 0-59 student capacity. Therefore, model lab has 4 tables which 

can handle 10 students per table. 

o Table numbers are increased as +1 for every 60x capacity increment. 

• Anatomy Dissection Lab (1 master and 4 student tables, 30 student capacity) 

o Each student table has a capacity of 8 where it can be increased to 10 if 

additional chairs are placed at the end of the tables. 
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o Labs general entrance door is preferred as sliding system to decrease area 

without interrupting student comfort. 

• Cadaver Preparation Room (1 FA Tank, 1 Morgue unit and cadaver preparation 

equipments) 

o Based on the search of commercial products supplied by companies on the 

internet it is seen that FA storage tanks are manufactured with 2 or 4 cadaver 

capacities. Therefore, as it was enough to use 2 cadaver storage units for 0-

59 capacity faculty, 2 cadaver capacity FA tanks are preferred and as there 

was no meaningful difference between the dimensions of 2 cadaver and 4 

cadaver tanks, double cadaver storage tanks are used in all upscaled versions. 

• Changing rooms (1 for men, 1 for women) 

o There were no significant and standardized data for changing room 

dimensions. Thus, changing room dimensions are kept the same in every 

upscaled design and they are separated with a corridor to reach the end point 

of anatomy dissection lab. 

• Debriefing and meeting rooms for administrative staff, students and lecturers. 

o Two of debriefing/meeting rooms are added to every design and the length of 

these rooms are made equal to the length of the director’s room not to 

interrupt wall continuity. Two rooms are added because the area was too big 

for one room and it is decided that separate debriefing or meeting sessions 

would be lead for administrative meetings and after exams or simulation 

practices.  

• Standardized patient/outpatient room with control unit (2 for 0-59 student capacity 

with +1 increment for every 60-student capacity addition) 

o Standardized patient scenario rooms are particularly defined as outpatient 

rooms which aims to teach medical students both fundamentals of physical 

examination and patient communications. Therefore, these rooms serve as 

multipurpose rooms for learning outcomes. Thus, they are planned as 
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outpatient rooms which are not smaller than 10m2. Normally at page 545 of 

Neufert’s guidelines, service doctor rooms should be between 16-20m2 [23]. 

Yet, in the figure demonstrating service doctor room it is seen that there is 

two doctor units. Therefore, more compact version not lower than 10m2 of 

net application area is designed. 

o The SP room is designed as 12,5 m2 and 14,51 m2 in total with control unit. 

• Standardized patient education, rest and makeup room 

o Standardized patient education room consisted of meeting table which can 

accommodate both actor briefing and debriefing as well as a makeup unit for 

the actors to prepare for the scenario to be held. 

o The room is designed to its most compact form and sampled to converge to 

10 m2 area. 

• Facility director’s office 

o The office is designed for two personnel accommodation (facility director 

and its assistant) and guest chairs. 

• Biomedical and technical staff office 

o Biomedical and technicians’ office is designed to house two technicians and 

one biomedical responsible. 

• Nursing skills lab (60 student capacity) 

o Nursing skills lab is kept at the same dimensions for all upscaled drawings 

and set to accommodate 60 students, 10 students per table which allows group 

practices. This lab is separated from medicine skills lab and OSCE to reduce 

any conflicting rotation flows between medicine and nursing students.  

• Nursing essentials lab (2 beds for 60 students, 3 beds for continuing 60x student 

capacities) 
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o Nursing essentials lab is a place where nursing students can practice both 

their skills and scenario-based applications. It is planned as hybrid patient 

scenario and skills. An essentials lab containing lo-fi dummy full or partial 

body patient manikins with two beds may be enough for up to 60 students yet 

for sufficiency, nursing essentials lab is designed with 3 beds to handle higher 

numbers of students. Also, the room capacity is kept the same for over 60 

students where there is no obligations from governmental standards.   

• Nursing simulation/patient room with a single bed system and control unit 

o This room is designed to satisfy the needs of nursing simulation scenarios. 

o Simulation room consists of one bed equipped with electronically responsive 

manikin designed for nursing educations and audiovisual solutions for 

session recordings in the control unit. 

• Nursing debriefing room 

o Room is designed as the same length of essentials lab not to interrupt wall 

continuity. 

o Debriefing room is designed to accommodate nursing students to have their 

feedbacks from lecturer and discuss over their simulation sessions.  

• Storage room 

o Storage room dimensions are not specifically defined by any entity. Thus, it 

is placed into the drawing to fulfill empty areas. 

o Yet as it is advised by literature to place appropriate size of storage to 

maintain simulation room requirements and store spare parts of equipment, a 

room capable of containing 9 storage shelves is placed in the design. 

o Storage area is kept the same for every student capacity increment. 

o Following the end of the first design, every step is repeated for 60-119, 120-

179, 180-239 student capacity facilities. 
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3.3. DATA ENTRY, CALCULATIONS USING THE STEP FUNCTION AND 

ERROR ANALYSIS 

After the design phase is completed, area dimensions data in unit of centimeter squares are 

added to MS Excel software and converted to meters square with two significant figures 

after decimal for data processing. Furthermore, these data are categorized with room names 

and listed. Afterwards, by these data graphs of alterations of room areas versus the student 

capacities are created. Additionally, after creation of graphs, greatest integer function 

equations of these graphs are derived and coefficients of increments are calculated. 

A function on the real numbers is referred to as a step function in mathematics if it can be 

expressed as a finite linear combination of interval indicator functions. A step function is a 

piecewise constant function with a finite number of pieces, to put it simply. 

 

Figure 3.1. A representation of a step function taken from public domain. 

So, step functions have constant values in y-axis where variables in x-axis change in a 

specific domain. These functions divide into two semi-continuous categories as right or left 
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continuous. For example, if a semi-continuous step function is right-continuous, left end 

point of the function is represented with filled dots and right end points are represented in 

empty dots. Some step function graphs may not indicate filled or empty end points, but they 

can be also notated by domain notations given below. Furthermore, step functions have 

another two properties as floor functions and ceiling functions where graphical 

characteristics of a floor function is incremental and ceiling function is decremental.  

For these reasons step-functions are constant at a domain of variables and uniformly 

increase, to quantize area problem and upscaling in this study, step functions and specifically 

floor functions (greatest integer functions) are used. 

Below, an example of floor function and calculation to be used in this study is given: 

 f(x) =  floor(x) = ⌊𝑥⌋ (3.1) 

 

for a given x value such as x = 2.35 → ⌊𝑥⌋ = 2. For the greatest integer functions, a value of 

x is equal to the nearest integer value smaller than given x value. 

 𝑓(𝑥) = 𝑎⌊𝑏(𝑥 − ℎ)⌋ + 𝑘 (3.2) 

𝐷: [𝑔, 𝑡), (𝑔, 𝑡] 

 𝑥, 𝑎, 𝑏, 𝑘 ∈ ℝ  

𝑔, 𝑡 𝑎𝑛𝑑 ℎ ∈ ℤ  

Where (h,k) is coordinate pair and D: [g,t), (g,t] is the domain range notation of f(x) 

• Left continuous 

o D: (g,t]; Left end point of the step = open 

o D: (g,t]; Right end point of the step = closed 

• Right continuous 

o D: [g,t); Left end point of the step = closed 
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o D: [g,t); Right end point of the step = open 

• a = variance 

• b = 1/step length 

• h = coordinate of x-axis 

• k = coordinate of y-axis 

• ℝ = domain of real numbers 

• ℤ = domain of integers 

By this equation, area values and step function representations are to be given and 

extrapolation will be calculated in this study. 

Later, an extrapolation of these minimum area necessities for facilities to serve for 240-299, 

300-359 and 360-419 student capacities are calculated room by room and the minimum of 

general total area dimensions are calculated. Concluding calculations, a data table is made 

and a final general graph of area increments are plotted. 

3.4. ERROR ANALYSIS 

After data collection and calculations, standard deviation standard error and confidence 

interval with %95 probability analysis is made to test the significance of the study. 

As the study focuses on the changing values between area parameters, standard deviation 

and standard error analysis are applied on the areas between measured (real) area values 

(RV), rectified values (EV1) indicating the area values after calculating and applying 

arithmetic average of increment rates in areas step by step on to area value for 0-60 student 

capacity and rounded up values (EV2) which are rounded up values of  EV1 to the nearest 

greater integer. 
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Standard deviation formula used in the calculation is as follows: 

 𝜎 = √
∑(𝑥𝑖 − 𝜇)2

𝑁
 (3.3) 

Where; 

• σ: standard deviation 

• N: size of the sample 

• 𝑥𝑖: measured values 

• µ: the mean of the sample 

Standard error formula used in the calculation is as follows: 

 𝑆𝐸 =  
𝜎

√𝑁
 (3.4) 

Where; 

• SE: standard error 

• σ: standard deviation 

• N: size of the sample 

Confidence interval formula used in the calculation is as follows: 

 𝐶𝐼 = 𝜇 ∓ 1.96
𝜎

√𝑁
 (3.5) 

Where; 

• σ: standard deviation 

• N: size of the sample 

• 𝐶𝐼: confidence interval 
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• µ: the mean of the sample 

After calculations and tables were made, a general table with confidence intervals is 

produced. 
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4. RESULTS AND DISCUSSIONS 

4.1. RESULTS 

As mentioned in both context of this study and methodology, there can not be any template 

design for all institutions or organizations for simulation education other than fulfilling the 

fundamental requirements for a simulation center/lab declared by officials to begin their 

operative life. Therefore, this study concentrated on the general standards for a faculty to 

begin its education by responsible governmental body in Turkiye called Y.Ö.K (Yüksek 

Öğretim Kurulu: Higher Education Organization). As summarized in methodology, 

standards for simulation and practical education part of the Y.Ö.K’s regulations are taken 

into account. 

As a brief summary again, Y.Ö.K’s regulations for up to 60 student capacity faculties 

involved; anatomy dissection room (1 master, 4 student tables, +1 student table for every 60 

student increment and sufficient cadaver storage units), anatomical models lab (at most 10 

students per table), medical education labs consisting of skills lab and SP labs (2 SP rooms 

for 60 students and +1 room increment for every 60 students) for medical faculties and basic 

skills lab, nursing essential lab and simulation lab given in detail in official document. 

Simulation centers and laboratories around the world differ in function and size. Therefore, 

it could not be possible to approximate any space needs before starting the design. When 

scenario-based simulation centers containing emergency, operation room, delivery room 

type simulation areas observed, it is seen that approximately at least 1000 m2 of space is 

needed. Yet, this study’s main concern is not to design a scenario-based clinical simulation 

environment and as there were no standard metrics published for required areas, Ernst 

Neufert’s construction and ergonomic design standards are taken into account. 
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4.2. DESIGN PHASE 

Some labs and rooms are static in areas where their dimensions don’t change by student 

capacity increment. These rooms are biomedical office, technicians’ office, changing rooms 

and debriefing rooms. All of the rooms are kept rectangular in shape to keep net area 

parameters basic and approximate. Additionally, all of the rooms are designed for 0-59 

student capacity and upscaled for every 60 students added. Upscaling parameters are 

explained together under the same item for the readers’ better understanding. Other details 

of the design phase are explained room by room below.  

4.2.1. Operational/Administrative Rooms 

• Biomedical office: Capable of placing 3 biomedical technicians to help student 

rotations to flow uninterrupted and troubleshoot any hardware wise problem that can 

occur. 

• Management/assistant and director’s office: This room is for facility director and its 

assistant to manage their administrative work. 

• Changing rooms: Two rooms in total, one for men and one for women for their 

donning and doffing processes. 

4.2.2. Medicine Faculty 

Simulation areas of medicine faculty consisted of Skills Lab, Anatomic Models Lab, 

Anatomy Dissection Lab, Cadaver Preparation Room and SP Rooms Area. Each design 

considerations of these rooms are explained below separately. 
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4.2.3. Skills and Objective Clinical Skills Examination (OSCE) Lab 

Skills and OSCE Lab is a lab where students can both train their skills and have their 

objective clinical skills examinations (OSCE). Lab is designed to have 6 tables and 10 

students per table to allow 60 students to work along. As like as it allows 60 students 

simultaneously, 6 categories of hardware which are a declared in Y.Ö.K’s regulations as 

suturing models, injection models, airway models, CPR models, nasogastric tube models 

and male/female urinary catheterization models can be placed into these 6 tables for 

OSCEs[10,11]. Each table were separated from each other by 3 meters and each table 

locations are planned as one OSCE station. These stations contain their storage areas 

themselves with cabinets besides the outer walls. Additionally, as students in other stations 

should not see others in OSCEs, these stations are enclosed by extensile curtains/covers. 

Also, a student waiting area is added to the entrance of the lab where facilitators can easily 

navigate students in and out of lab and also manage OSCE times effectively. Waiting area 

is also planned as students may cause trafficking in corridor. Skills/OSCE Lab does not 

change in area when student capacities increase that students can be divided into sections 

and rotation is possible. 

4.2.4. Anatomic Models Lab 

Anatomic models lab is designed alike with anatomy and dissection lab. As the regulations 

declared 1 master and 4 tables for students, models lab is also designed as 1 master and 4 

tables (10 students per table). As the student capacity increases, table count increases per 

120 students not to interrupt the rectangular shape of the room and formation of the lab. This 

lab contains teacher desk, barcovision, master table, student table and storage cabinets of 

anatomical models. Each table is separated from each other 130 cm horizontally and 240 cm 

vertically. 
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4.2.5. Anatomy Dissection Lab 

Anatomy and dissections lab is a place where students should work on cadaveric materials. 

Therefore, special considerations should be taken into account. This lab contained 1 master 

and 4 student tables. Each student table have its own screen that lecturer can show students 

anatomical landmarks and lecture materials. The lab contains one hand washing unit as well 

as chemicals/emergency cleaning eye shower. Tables are located crosswise to reduce width 

of the lab and allow cadavers to be placed on them easier. Student tables increased one by 

one in every 60 student capacity addition. Therefore, area increment is linear. 

4.2.6. Cadaver Preparation Room 

This room is explained as to be sufficient to supply anatomy lab where 0-59 student capacity 

facilities should 2 cadaver storing units (FA tanks) and cadaver should increase as one for 

every 60 students. FA tanks are found to be two or four cadaver capacity in the market. Thus 

2 cadaver capacity FA tanks are used in the study. FA tank count increases in every 120-

student capacity increment and has the main role in enlarging of the preparation room. Other 

materials in the cadaver room can be listed as: 

• Morgue unit 

• Cadaver preparation unit 

• Anatomy lab student materials unit 

• Cadaver transport cart 

• Hand washing unit and chemical/emergency cleaning eye shower 

4.2.7. SP Rooms and Actor Education/Preparation Area 

For SP rooms, as these rooms are specifically for communication skills and patient 

management, they are behaved as a unit. A single unit of standardized patient room is 
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designed as a outpatient room with 12.5m2 area consisting of doctor desk, patient seat, 

cleaning unit and examination bed and a control unit of 2m2 with one sided glass for the 

facilitator to see the inside of the room. Thus, one unit appeared to be 14.5m2 in total. 0-59 

student capacity design had 2 units of SP Rooms and one more unit is added at the upscaling 

designs. Therefore, the increment of SP Room area requirements are linear. 

Actor education/preparation room is an additional room for SP Room area where 

standardized patients are to be briefed and educated for the scenario to be realized. The room 

also involves makeup unit. Increment in such room is based on the 180-student capacity 

increment where 0-59 capacity design has 4 seated briefing table and the formation is not 

interrupted until additional actors are needed. In the addition phase, another 4 seated table is 

added. 

4.2.8. Debriefing Rooms 

In the design, to fulfill the remaining area, two debriefing rooms are added where 

administrative, lecturer, student meetings or debriefing sessions for OSCEs can be held. 

4.2.9. Nursing Faculty 

Simulation areas of medicine faculty consisted of Skills Lab, Essentials Lab, Simulation Lab 

and Debriefing Room. Each design considerations of these rooms are explained below 

separately. 

4.2.10. Nursing Skills Lab 

A lab that can operate with 60 students simultaneously. 6 tables of 10 students per table are 

placed into this lab as well as storage cabinets for the skills lab materials. The lab also 

contains teacher desk, demonstration stage and barcovision. This lab doesn’t change in are 

with student capacity increment. 
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4.2.11. Nursing Essentials Lab 

As there are no declared any increment or decrement per student capacity in the regulations, 

first design of essentials lab consisted of two nursing essentials practice beds but when the 

student capacity exceeds 120 students, one more bed area is added for the ease of student 

flows and practice quality. Therefore, in this section of the study, addition is made on top of 

general requirements. 

At 0-59 student capacity, lab consisted of 2 essentials bed, nursing desk, drug preparation 

unit and storage room for necessary equipment. 

4.2.12. Nursing Simulation Lab 

Nursing simulation lab area is one of the static rooms that is not affected by the student 

capacity. Need of extra labs or beds are discussable yet, one simulation room consisting of 

electronically responsive simulator and scenario-based area is satisfactory for regulations. 

That is why, nursing simulation area is kept static not to increase the minimum area and keep 

the design budget friendly. 

4.2.13. Nursing Debriefing Room 

After simulation practice, there is a need of debriefing for nursing students. Therefore, a 

room which is also static and dependent on the number of simulation labs that a nursing 

schools contains, is placed into design to satisfy the debriefing needs of students. Debriefing 

room is designed separately from medicine faculty and nursing classrooms because it is 

thought that immediate debriefing sessions could be more manageable and a separate room 

suited for debriefing/meeting sessions could be beneficial. 

4.2.14. The Design 

As mentioned above, first design was 0-59 student capacity facility. 
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To design the blueprints of the study, AutoCAD software and scale of centimeter is used. 

Due to the nature of the study, where the most important and useful parameters would be 

area, area parameters are measured by the software rather than calculating areas depending 

on the width and length of the design components. An example of scenario-based simulation 

center with a circular flow design is created that contained two blocks for medicine and 

nursing faculty. As scenario-based simulation is the most recommended simulation type 

worldwide, Figure 4.1. aimed to show how a basic scenario-based simulation center would 

look like. 

 

Figure 4.1. Example scenario-based simulation center 

At the designing phase of the example scenario-based simulation center, standards given by 

Y.Ö.K regulations are applied to the required laboratories. After the first design, only labs 

in medicine faculty and nursing faculty area is upscaled. 
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4.3. MEDICINE FACULTY DESIGNS 

The design is kept rectangular as possible to approximate net area requirements easier. As it 

was thoughtfully designed as a scenario-based simulation center, main medicine faculty 

block also contained 2 debriefing/meeting rooms and director’s office in joint to decrease 

net area necessity in the general design. A different architectural approach is also preferrable. 

Moreover, every manipulation over the design depending on the student capacity is made 

over the main block. Additionally, SP and Actor rooms are evaluated separately from main 

medicine faculty block that they are behaved as single units and they contributed to the area 

requirements numerically. 
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Figure 4.2. 0-59 student capacity design containing Skills & OSCE Lab, Anatomy Models 

Lab, Cadaver Preparation Room and Anatomy Dissection Lab for medicine faculty (SP 

rooms and actor room excluded). Dimensions are given in 1:1 cm scale. 

The main block for the medicine faculty where anatomy dissection lab, anatomical models 

lab and OSCEs were put together to ease navigation ease. After finishing the first design for 
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the 0-59 students block, only anatomical models lab, anatomy dissection lab and cadaver 

preparation rooms have changed in size depending on the increasing student capacities. 

 

Figure 4.3. Main block of medicine faculty for first step of student increment. Dimensions 

are given in 1:1 cm scale. 
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In every step, only the length of the current design has changed where width of the rooms 

are kept static. 

 

Figure 4.4. Main block of medicine faculty for second step of student increment. 

Dimensions are given in 1:1 cm scale. 
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After one more +60 student increment, changing rooms’ locations were changed to fill the 

gap between anatomical models lab and anatomy dissection lab. Also, it was advantageous 

to place director’s office near the main block to save space from the general design. 
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Figure 4.5. Medicine block for 180-239 student capacity. Dimensions are given in 1:1 cm 

scale. 
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180-239 student capacity was the last design for the design phase of the main block of 

medicine faculty. Afterwards, extrapolation of data extracted from the design is made. 

 

Figure 4.6. SP and actor room designs where the only size of the actor rooms change in 

180 student increment steps and SP rooms are treated as units. Dimensions are given in 1:1 

cm scale. 

The last component of required area for main block of medicine faculty was standardized 

patient application rooms and actor’s rooms. As it can be seen from Figure 4.6, SP room 

dimensions stayed the same at all increments where they were treated as single units and 

increased in count as one more for every 60 students added for the capacity of the faculty 

(e.g.: 3 units for 60-119 student capacity, 5 units for 180-239 student capacity). The real 

reason of separating/putting in different location the SP units and actor rooms from the main 

block of the medicine faculty was all about design considerations. Students having their 

lecture in anatomical models could be interrupted by the scenario applications. Also, as the 
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SP units increased linearly in numbers, it is thought to be better in different location rather 

than jointing these units to the main block. Yet SP units and actor rooms are counted as the 

component of main medicine block. 

4.4. NURSING FACULTY DESIGNS 

Finishing the main medicine block has finished, nursing block is designed in the same 

simulation center on a different location. Skills lab of medicine faculty and nursing faculty 

could be jointly used but they are separated because it could interrupt general student flow. 

Therefore, nursing faculty block had its own skills lab. Furthermore, as it was mentioned 

above, there were no metric regulations for the nursing schools in governmental standards. 

That is because, nursing block could be maintained static for all student capacities, but this 

study preferred to slightly increase the inner content of the rooms against the student 

capacities to help increase the comfort of student flow. 
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Figure 4.7. Nursing faculty main block for 0-119 student capacity containing simulation 

room, essentials lab, its own debriefing room and skills lab. Dimensions are given in 1:1 

cm scale. 

Nursing skills lab was designed to hold up to 60 students at the same time same as the 

medicine faculty’s skills lab/OSCE as well as 10 students per table. Additionally, nursing 

essentials and simulation rooms was planned to hold 30 students where they could be divided 

into two groups of 30 students. So, this planning suggests that 10 students at most can study 

in every practical unit as simulation bed, essentials bed and skills lab tables. 
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Figure 4.8. Nursing Faculty block for 120-239 students. Dimensions are given in 1:1 cm 

scale. 

The increment in this design was only adding one more bed to nursing essentials room for 

better student handling. Aside from increasing bed numbers, lab hours of students could also 

be engineered to satisfy educational goals and also it would be more budget friendly yet as 

the student capacity increases, quality of group works and lab hours would decrease. That is 

why, incremental pattern is also preferred in this section of the study. 

4.5. DATA PROCESSING 

After finishing designs, areas are calculated and transferred to MS Excel software to see 

parameters together and for further calculations. Raw data showed that room by room area 

increment were very close to each other but not optimally uniform in cadaver preparation 

room, anatomy dissection lab and anatomical models lab. As the SP rooms were treated as 



42 

 

 

 

units/stations, changes in area were perfectly uniform and linear. Table 4.1 shows the raw 

data and the total net area for active simulation/education sessions acquired from the designs 

and unrectified changes by the notation ∆x. All data outputs were converted to m2 from cm2 

and the final value is reduced to two significant figures after decimal. Thus, all of the values 

are rounded by the software. 

Table 4.1. Raw data of areas after design phase 

 

To make increase rates uniform, arithmetic average of the change in areas are calculated 

specific to the design component. Afterwards new values based on 0-59 capacity design is 

calculated. Table 4.2 shows that differences in areas after this rectification was neglectable 

considering the specific area needs for a simulation center components yet it affected the 

overall area needs of the simulation center. 

  

Student Capacity

Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2)

Skills Lab / OSCE 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68

Anatomic Models Lab 1 0,00 75,00 1 22,48 97,49 1 0,00 97,49 1 22,48 119,97

Debrief 1 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61

Debrief 2 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61

Directors Office 1 0,00 21,73 1 0,00 21,73 1 0,00 21,73 1 0,00 21,73

Cadaver Prep Room 1 0,00 33,56 1 7,98 41,54 1 0,00 41,54 1 6,77 48,31

Anatomy & Dissection Lab. 1 0,00 64,68 1 11,90 76,58 1 8,49 85,07 1 10,20 95,27

Cadaver Embalming Room 1 0,00 25,41 1 0,00 25,41 1 0,00 25,41 1 0,00 25,41

Chemicals Preperation Room 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46

Chemicals Storage Room 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46

Anatomy Technicians Room 1 0,00 20,44 1 0,00 20,44 1 0,00 20,44 1 0,00 20,44

Changing Room 1 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45

Changing Room 2 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45

Pol./Std Patient Room 2 0,00 29,01 3 14,51 43,52 4 14,51 58,02 5 14,51 72,53

Actor's Room 1 0,00 11,37 1 0,00 11,37 1 0,00 11,37 1 7,13 18,50

Nursing Ess & Sim Room 1 0,00 69,97 1 0,00 69,97 1 19,19 89,15 1 0,00 89,15

Nursing Skills Lab 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68

Debriefing Room 3 (Nursing) 1 0,00 29,17 1 0,00 29,17 1 0,00 29,17 1 0,00 29,17

Biomedical Office 1 0,00 16,34 1 0,00 16,34 1 0,00 16,34 1 0,00 16,34

Total net Area of Pracitce 1 0,00 681,07 1 56,87 737,94 1 42,19 780,13 1 61,09 841,22

0-59 60-119 120-179 180-239
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Table 4.2. Data after rectified increase rates 

 

After data collection and data rectification, step function graphs are plotted and functions of 

the rooms are calculated. As stated in the introduction, step functions are type of functions 

that a set of given variables are equal to same results depending on the domain range of the 

variables. Graphs of these functions resemble to steps and these functions are finite. 

Accordingly, as these functions have a jump in a specific value, domain ranges are notated 

as closed and open boundaries. Closed boundaries indicate that the value given to the 

equation belongs to the set of values to that specific step where open sided boundaries 

indicate that the value at the open end of the step belongs to the nearest step. Step functions 

may have decremental, incremental or hybrid structures. As part of the step functions, there 

are sub-categories of step functions depending on the data set being processed. The most 

common type of step functions used for the type of data like this study are Greatest Integer 

Functions and Least Integer Function. The difference between these two functions is where 

a real number is rolled down to the nearest lesser integer or rolled up to the greater integer. 

Thus, they have their own notation type as explained in the introduction part. By the 

knowledge so far, greatest integer functions belonging to step functions are to be used for 

data calculations and extrapolation of student capacity versus area iterations. Data are input 

to MS Excel manually to plot the graphs, yet this function can be executed and plotted with 

different software such as MATLAB. MATLAB has its own math library where these 

Student Capacity

Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2) Qty. ∆x Area (𝑚^2)

Skills Lab / OSCE 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68

Anatomic Models Lab 1 0,00 75,00 1 22,48 97,49 1 0,00 97,49 1 22,48 119,97

Debrief 1 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61

Debrief 2 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61 1 0,00 16,61

Directors Office 1 0,00 21,73 1 0,00 21,73 1 0,00 21,73 1 0,00 21,73

Cadaver Prep Room 1 0,00 33,56 1 7,38 40,93 1 0,00 40,93 1 7,38 48,31

Anatomy & Dissection Lab. 1 0,00 64,68 1 10,20 74,88 1 10,20 85,07 1 10,20 95,27

Cadaver Embalming Room 1 0,00 25,41 1 0,00 25,41 1 0,00 25,41 1 0,00 25,41

Chemicals Preperation Room 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46

Chemicals Storage Room 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46 1 0,00 10,46

Anatomy Technicians Room 1 0,00 20,44 1 0,00 20,44 1 0,00 20,44 1 0,00 20,44

Changing Room 1 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45

Changing Room 2 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45 1 0,00 10,45

Pol./Std Patient Room 2 0,00 29,01 3 14,51 43,52 4 14,51 58,02 5 14,51 72,53

Actor's Room 1 0,00 11,37 1 0,00 11,37 1 0,00 11,37 1 7,13 18,50

Nursing Ess & Sim Room 1 0,00 69,97 1 0,00 69,97 1 19,19 89,15 1 0,00 89,15

Nursing Skills Lab 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68 1 0,00 104,68

Debriefing Room 3 (Nursing) 1 0,00 29,17 1 0,00 29,17 1 0,00 29,17 1 0,00 29,17

Biomedical Office 1 0,00 16,34 1 0,00 16,34 1 0,00 16,34 1 0,00 16,34

Total net Area of Pracitce 1 0,00 681,07 1 54,56 735,63 1 43,89 779,52 1 61,69 841,22

0-59 60-119 120-179 180-239
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functions can be run by as it is generally noted as and also noted in MATLAB with “floor(x)” 

function. There are several other notations in mathematics as well but not to interrupt 

clearance, functions are to be tagged as “f(x) = floor(x)”. 

Below, general representation of the greatest integer/floor function and the details of the f(x) 

= floor(x) function is given as: 

 𝑓(𝑥) = 𝑎⌊𝑏(𝑥 − ℎ)⌋ + 𝑘 (3.2) 

𝐷: [𝑔, 𝑡) 

 𝑥, 𝑎, 𝑏, 𝑘 ∈ ℝ  

𝑔, 𝑡 𝑎𝑛𝑑 ℎ ∈ ℤ  

Where (h,k) is coordinate pair and D: [g,t) is the domain range of f(x), left end point of the 

step is closed, right end point of the step is open, f(x) is right-continuous function 

In this study, all of the step functions and step function graphs have incremental structures 

and range boundaries are closed at the left side of the step and open in the right side as well 

as ranges or so-called step length is 60 integers (e.g.: noted as [60,180).). Boundaries are 

decided to be closed and open in this style because governmental regulations declared that 

all of the minimum requirements are designed “up to” 60 students which implied that 

standards are given for student capacity <60 and indicated that SP rooms should be 3 for 60 

and 60-120 students. Therefore, Table 4.1 and Table 4.2 threads in the row of Student 

Capacity like 0-59, 120-179 are written accordingly rather than 0-60 as well as mathematical 

equations and notations are not given yet. 

Firstly, step graphs of all laboratories and rooms changing in size are plotted. After the plot, 

general graph is separated into specific graphs for labs and rooms. 
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Figure 4.9. Step function graphs of all rooms vs the change in student capacity 

As it can be seen from the graph, every room and lab had its unique step function and 

increment. Thus, they are to be investigated separately below. 
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4.5.1. Anatomical Models Lab 

Specific graph of anatomical models lab is separated from the general graph. 

 

Figure 4.10. Step function graph of Anatomical Models Lab. 

It is found that the step length of the anatomical model lab was 120. 

Furthermore, the graph equation is as follows; 

Where a = 22.48, b = 1/120, k = 75, h = -60 

 𝑓(𝑥) = 22.48⌊
1

120
 (𝑥 + 60)⌋ + 75 (4.1) 
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4.5.2. Cadaver Preparation Room 

Specific graph of cadaver preparation room is separated from the general graph. 

 

Figure 4.11. Step function graph of cadaver preparation room 

It is found that the step length of the cadaver preparation room was 120. 

Furthermore, the graph equation is as follows; 

Where a = 7.38, b = 1/120, k = 33.56, h = -60 

 𝑓(𝑥) = 7.38⌊
1

120
 (𝑥 + 60)⌋ + 33.56 (4.2) 
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4.5.3. Anatomy & Dissection Lab 

Specific graph of anatomy and dissection lab is separated from the general graph. 

 

Figure 4.12. Step function graph of anatomy and dissection lab 

It is found that the step length of the anatomical model lab was 60. 

Furthermore, the graph equation is as follows; 

Where a = 10.20, b = 1/60, k = 64.68, h = 0 

 𝑓(𝑥) = 10.20⌊
1

60
 (𝑥)⌋ + 64.68 (4.3) 
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4.5.4. Standardized Patient/Outpatient Scenario Rooms 

Specific graph of standardized patient/outpatient scenario rooms is separated from the 

general graph. 

 

Figure 4.13. Step function graph of standardized patient/outpatient scenario rooms 

It is found that the step length of the standardized patient/outpatient scenario rooms was 60. 

Furthermore, the graph equation is as follows; 

Where a = 14.51, b = 1/60, k = 29.01, h = 0 

 𝑓(𝑥) = 14.51⌊
1

60
 (𝑥)⌋ + 29.01 (4.4) 
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4.5.5. Actors, Makeup & Educators Room 

Specific graph of actors, makeup & educators room is separated from the general graph. 

 

Figure 4.14. Step function graph of actors, makeup and educators room 

It is found that the step length of the actors, makeup & educators room was 180. 

Furthermore, the graph equation is as follows; 

Where a = 7.13, b = 1/180, k = 11.37, h = 0 

 𝑓(𝑥) = 7.13⌊
1

180
 (𝑥)⌋ + 11.37 (4.5) 
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4.5.6. Nursing Essentials Lab 

Specific graph of nursing essentials lab is separated from the general graph. 

 

Figure 4.15. Step function graph of nursing essentials lab 

It is found that the step length of the nursing essentials lab was 120. 

Furthermore, the graph equation is as follows; 

Where a = 19.19, b = 1/120, k = 69.97, h = 0 

 𝑓(𝑥) = 19.19⌊
1

120
 (𝑥)⌋ + 69.97 (4.6) 
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4.5.7. Main Block of Medicine & Nursing Faculty 

After the graph plots and calculations of the greatest integer functions which also included 

extrapolation values after 240 student capacities. Data are put together and total net areas 

required for the main blocks are calculated. 

Table 4.3. Table of net areas in meter square for both medicine school and nursing school, 

extrapolated values and total areas. 

 

Values of the graph were rounded up to two significant figures after decimal and one further 

step of rectification is made on the Table 4.3. values to save data from decimal values and 

have more general values without decimal values. For the rounding up process, all of the 

values at Table 4.3 are put into built-in equation of MS Excel “=ROUNDUP(XX;0)” where 

the function at for any given cell rounds the values up to the nearest greater value with zero 

decimal point and these values are shown in Table 4.4. 
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Table 4.4. Values of Table 4.3 rounded up to the nearest greater integer values with the 

built-in 'ROUNDUP' function of MS Excel 

 

To see the area differentiation between the real values and the rounded-up values Table 4.5 

is created. 
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Table 4.5. Differentiation of the values of main block totals between Table 4.3 and Table 

 

Values between main block total net areas and rounded-up version of the main block total 

net areas differ less than 10 m2 where it specifically differentiates 7,36 m2 on average where 

this value corresponds to a half of an area of standardized patient room. 

Although the components of the simulation center for medicine and nursing faculty are 

assessed, one last step function calculation is realized for the main block net area. 

Specific graph of main block of medicine and nursing faculty is created from the Table 5. 

At first, as above graphs were rectified to an average and equal increment structure. Same 

application is done to Table 4.5. values and Table 4.6. is created. Afterwards, step-graph of 

the last column is plotted. 
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Table 4.6. Rectification of the differences in Table 4.5 for uniform step-function graph 

 

 

Figure 4.16. Step function graph of main block of medicine and nursing faculty 

It is found that the step length of the main block of medicine and nursing faculty was 691. 
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Furthermore, the graph equation is as follows; 

Where a = 51.50, b = 1/60, k = 691, h = 0 

 𝑓(𝑥) = 51.50⌊
1

60
 (𝑥)⌋ + 691 (4.7) 

4.6. ERROR ANALYSIS 

Before error analysis, from the tables, the real (measured) values, rectified values (EV1) and 

rounded up values (EV2) are placed into a table and the differences of values between these 

values with respect to RV are calculated. Afterwards the table is revised to only show the 

differences. Furthermore, standard error, standard deviation and confidence interval 

calculations are made with respect to these difference values. 

According to the Table 4.7. maximum standard deviation for the total area is 5.35. 

Additionally, maximum standard error for the total area is 1.89. These values mean that, 

total area differences differentiates in the range of ±5.35 m² and total area differentiation 

error is ±1.89 m². 
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Table 4.7. Table of standard deviation (STDEV) and standard error (Std.Err) values with 

respect to area differences of real values, rectified values (EV1) and rounded up values 

(EV2) between student capacities. 

 

In table 4.8, means and confidence interval of the area differentiation are given. Looking at 

the values of confidence interval in %95 probability, area differentiations are limited in a 

smaller range which is expected. Confidence interval gives a result of how near is the true 

mean of observations or values experimented in a chosen probability which is %95 in this 

case with the Z value of 1.96. 
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Table 4.8. Table of room by room mean, standard deviation, standard error and confidence 

intervals of %95 probability in area differences with respect to real values, rectified values 

(EV1) and rounded up values (EV2) 

 

These calculations showing the standard errors and standard deviations were all made for 

the actual designs that were drawn and area parameters were collected. Pushing the 

calculations further, another table (Table 4.9.) of error analysis is made over the total area 

calculations with extrapolations for the ranges [240,300), [300,360) and [360,420). The 

values used as a real value (RV) have become the values given to these areas after rectifying 

the differences between steps on average increment. Further iterations were named as EV1 

and EV2 where rounded up values were gathered (EV1) and the differences between EV1 

steps were rectified as an average increment (EV2). 
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Table 4.9. Error analysis table of extrapolated values for total areas and differences of med. 

school & nursing sim. measured (RV), roundedup (EV1) and rectified after roundup (EV2) 

values (m2) 

 

Table shows that for the last iteration of extrapolation, standard error becomes even less than 

±1.89 m² that the value becomes ±1.25 m². Yet it is also seen that standard error is also less 

before the last rectification process for EV1-RV with a value of ±0.25 m². 

4.7. DISCUSSION 

This study has outlined the general design process and sampled minimally required space 

management of a simulation center/lab that could be constructed with the minimum 

requirements that Turkish governmental organization of higher education – Y.Ö.K published 

regulations about (10,11). Nonetheless, after creation of such structure, study has shown that 

a mathematical approach and equation wise enlargement is possible. Keeping simulation 

centers/labs capable of mobility could be beneficial especially for institutions aiming for 

enlargement and capacity increment yet other considerations like employment and budgeting 

are severe issues to be paid attention especially in countries with economic instability and 

the countries that are not manufacturers in simulation-based education market. Therefore, 
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space management and student flow management at the most possible minimality plays a 

crucial role for the organizations, institutions, universities etc. especially in above-

mentioned countries that sufficient management approach could be beneficial also for 

budgeting and effectiveness of the practical education. At the first stage, architectural know-

how plays an important role in space management and increasing layout to flow efficacy 

could be more forgiving for the institutions. Especially implementing different types of flow 

layouts such as circular, star-shaped flow layouts may decrease the space necessity, yet it is 

an architectural research and development problem. Although different types of flow layouts 

could benefit, in simulation centers/labs that are aiming to satisfy the minimum requirements 

of the Turkish governmental regulations, creating such flow layouts become more 

challenging where room and lab numbers or areas are minimal. Therefore, it is both observed 

and seen that minimality in such studies/design-works forces the design process to circular 

or linear flow layouts. Architecturally these layouts may be promising and optimal for 

simulation facilities. Thus, especially in design phases of such facilities, cooperative work 

between administratives, actual educators, biomedical engineers and architects is the key for 

optimally efficient planning where different know-hows are to be integrated together. 

According to the results, the spaces differentiating in size and units were the labs/rooms that 

were the most used in practical educations. Two of the labs that are to be active the most, 

skills labs for both professions, did not change the size where they had 60 student capacity 

on their own. Increasing those labs, rooms’ capacity would only decrease the efficiency of 

the practical education held in where an educator would have to deal with more students. 

That is why it can be suggested that, adding more units of these labs could ease the effort 

yet could increase the time spent by the educator on the field which could also affect 

efficiency. Nevertheless, Y.Ö.K regulations ensure that faculties have sufficient number of 

academic staff employment to handle the crowdedness. Therefore, space management must 

have approved to be more crucial. 

In addition, even if calculated net area values project minimal values for a simulation 

center/lab they are optimized for a such design, these calculations are not optimal where 

effective architectural approaches may reduce the space necessities. Although, this is a fact, 

values calculated forecast that an area of a practical education facility of a medicine or 

nursing faculty with a capacity of 0 to 60 students cannot be smaller than 600 m2 and 
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effective as it should be. In addition, corridor areas, wall thicknesses, reception areas, 

breakout areas, restrooms and other type of components needed for a facility to run properly 

are neglected where this study focused on the net area needed for practical education and 

helper rooms for these components (e.g.: debriefing rooms). Therefore, by the addition of 

these neglected components, general area requirement for a facility naturally increases yet 

as mentioned above, this problem needs an architectural supervision. Additionally, there 

with the architectural supervision, spaces designed in this study tried to converge to the 

ergonomic principals of Neufert’s guidelines (23). Therefore, parameters like wall-table 

distances, table-table distances can be revised and revised to more optimal parameters which 

also can affect the areas room by room. Yet already, it is approximated that these minimal 

changes would not cause dramatic alterations in main block area requirements. Furthermore, 

referencing to error analysis in Table 4.9. the standard deviation and standard error for the 

spaces needed to run a simulation facility seems minimally affecting the general calculations 

where the area scale of the designs is on hundreds and area scale of the errors are on units’ 

digit. Also, it is seen that, leaving the last rounded up values without rectification of area 

increments gave more precise results. This shows that, calculation with non-homogenous 

differentiations that can be either a step function or else can give more accurate and precise 

results. However, looking at the confidence intervals it can be said that up to 10m2 standard 

error can be tolerated for the designs if there are no other considerations in designing. 
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5. CONCLUSIONS 

Putting results together, it became clear that every room and main block itself can be 

formulated as a greatest integer step function and extrapolation depending on the student 

capacity is possible. Although, quantitative approach is preferred and roughly without any 

formulation, a simulation center/lab that are only satisfying general requirements of Y.Ö.K 

regulations without scenario-based areas like crash site, emergency, delivery room and etc. 

can be extrapolated as minimum of 50 m2 of an extra area is needed for every 60-student 

addition to quota. 

By general acceptance, the design in this study is not preferred in the healthcare education 

where scenario-based, learning from errors are suggested in literature [1,3,7,24–27]. 

Therefore, institutions in design phases should consider building simulation centers 

comprising an environment suitable for scenario-based education and life-like applications. 

Also, it seems clear to claim that a step function approach suits very well for such study with 

minimal error output. Although this approach seems to produce minimal error, it should be 

kept in mind that every further iteration of extrapolation may increase the standard error. 

That is why, a better and a complex mathematical approach can increase the accuracy and 

precision for such designs. All in all, this study does not satisfy the needs of scenario-based 

simulation center designs as well as space needs would dramatically increase and layout plan 

would have to be revised, yet, it is clear that with a homogenously increasing step function 

approach, design works can be more efficient. 

5.1. FUTURE WORKS 

Although, simulation in healthcare has wide literature to reference, in Turkiye, research is 

limited. Additionally, at a design perspective of a healthcare simulation facility, references 

and research are very limited within the realms of increasing efficiency and compactness 

correlation. More research and work are expected for further development. 

Secondarily, Turkish governmental body YÖK’s sincere approach to simulation in 

healthcare should be motivated more by responsible officials and key opinion leaders in the 
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area. It is seen that, considering budgeting limitations of Turkish schools, regulations only 

ensuring that a healthcare education schools to have such defined accommodations forces 

the educational approach to more theoretical structure where the new generations’ learning 

behavior has shifted from reading to practically applying, learning from errors and peer 

discussions [1,3,4,8,24]. That is why, it is seen that more comprehensive and a regulation 

jointing to ÇEP systems would be best fitting solution to motivate education market to build 

their facilities more active-learning friendly and multi-modal. All in all, it is expected that 

governmental entities in Turkiye will kindly re-consider revising and detailing the 

regulations in addition to being more descriptive about building minimally required space to 

multi-modal learning systems. 
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APPENDIX A:  LIST OF LEARNING OUTCOMES OF UÇEP/HUÇEP 

AND THE YÖK’S REGULATIONS OF MINIMUM REQUIREMENTS 

FOR SIMULATION AREAS IN NURSING AND MEDICINE SCHOOLS 

Every school in Türkiye are allowed to create their additional curriculum material if they are 

as long as they adhere to the core education program requirements. Therefore, there are 

fundamental learning outcomes that a student graduating from a school has to satisfy. After 

graduation, former doctors are accepted that they have learnt these learning objectives with 

the specified degree. 

Table A.1 and A.2 shows the learning outcomes of the UÇEP and HUÇEP. Table A.3 shows 

the YÖK’s regulations for minimum requirements for simulation areas in nursing and 

medicine schools.  
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Table A.1. Learning outcomes defined in UÇEP 
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Table A.2. Learning outcomes defined in HUÇEP 
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Table A.3.YÖK's regulations of minimum requirements for simulation in nursing schools 
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