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Abstract 

Background: Simulations have historically aided training programs by providing a realistic and 

holistic replication of professional scenarios and procedures. Simulations have developed over the 

past 40 years to include varying fidelities and modalities of simulation. Learning in a simulation-

centered environment has benefits, ranging from improved patient care to specific skills 

acquisition while catering to students’ numerous and varied learning approaches. Simulation is a 

multifaceted field that benefits all parties, the teachers, the learners, and the patients. The 

application of simulation to medical education and its amalgamation with other modes and 

substitutes allows for a more integrated learning and testing curriculum that advances the current 

trajectory of medical education. Such developments, however, are limited to resource rich areas, 

leaving behind low-middle income countries to use traditional, less evolved methodologies and 

practices. This review aimed to explore different aspects of simulation and focus specifically on 

low-cost task trainers and their accessibility. 

 

Method: The purpose of the study was to assess the accessibility of low-cost task trainers in terms 

of cost-effectiveness, distribution, validation, and frequency within specific specialties. To do so, 

84 PubMed publications have been screened, and 39 filtered research studies have collected the 

necessary data. After analyzing the papers, we classified the following information – process, 

specialization, validation (y/n), costs, development location, and year of publication. 

 

Results: After carefully analyzing the accumulated data from the selected 39 publications, we 

found that most studies (i.e., 6 out of 39) were published in 2020. Emergency Medicine was the 

most common specialty for which low-cost trainers were developed (9 out of 39 procedural 

simulators); Otolaryngology followed this with 8 out of 39 trainers and general surgery with 7/39 

of the task-trainers. The price ranges fluctuated and fell within the price bracket of USD 0 to USD 

400 collectively. Our review also uncovered the concentration of development of such innovations 

solely in high income countries (HICs). 

 

Conclusion: Simulation is an invaluable tool applicable to a diverse range of phases of medical 

education. Future conjunction of simulation with low-cost substitutes along with increased 

encouragement and enthusiasm towards developing cost effective simulation-based learning 

environments (SBLEs) with the reserves and requirements of these areas in mind may prove to be 

a reliable option for low and middle resource settings 
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Introduction 

The word simulation is derived from the Latin root ‘simulare’ or ‘similis’, meaning to imitate or 

resemble. Thus, simulations act as substitutes for real life experiences by producing realistic 

reactions to life-like stimuli. In essence, simulations are enactments or replicas of existing or 

theoretical processes used as training, testing, and validating the processes.  

Modern clinical simulations have more recent origins, gaining traction in the 20th century with the 

creation of the ‘Resusci-Anne’- a task trainer designed to practice cardiopulmonary resuscitation 

(CPR), simulations then evolved not only in function but also in efficacy as inferred by the creation 

of the Harvey mannequin, the functions of which extend to the replication of over 25 

cardiopulmonary functions. As of the 21st century, efforts have been made to make medical 

simulations more affordable, accessible, and comprehensive by contrasting simulation techniques 

with pre-existing methodologies and providing possible alternatives. 

 

Why is Simulation important?  

Medical Simulations have revolutionized current medical education pedagogy by ensuring 

students and professionals follow a step-by-step process to achieve a complete theoretical and 

practical understanding of the procedure. Simulation based learning allows qualified individuals 

to reach hierarchic stages of competence by confidently combining theoretical knowledge with 

diagnostic reasoning in “realistic, immersive educational environments”[1].  

As illustrated in figure 1, students can start by relaying their existing knowledge and add on by 

watching more experienced personnel in action. They can then move on to the next stage by 

engaging in case specific procedures, then they may demonstrate their knowledge of the procedure 

on a simulator, and finally, after multiple simulated practices, they may carry out the procedure on 

a live patient. This is a classic example of Miller’s Pyramid of Clinical Competence [2] shown in 

figure 1– a method developed to modify the ‘monkey see, monkey do’ learning style and ensure 

the addition of stages that ensure a complete and meticulous understanding of the procedure itself. 

Students, Residents, and healthcare professionals have increased access to procedural skills 

training and performance reports with simulated procedures.  
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Figure 1. Miller's Pyramid of Clinical Competence in the context of simulation-based learning  

Additionally, using a monomodal approach of teaching that utilizes a single sensory experience, 

i.e., visual, auditory, kinesthetic, or haptic limits the scope of comprehension and may lead to 

negative transfer effects when applying knowledge to real life. Data collected from a study 

concerning learning styles conducted amongst medical students (n=146) showed a preponderant 

preference for multimodal techniques (72.6%) over unimodal ones [3].  Fewer procedural errors 

reduce procedure time and decrease costs significantly by avoiding additional expenses on 

procedures required to rectify errors, thereby acting as a return investment. Furthermore, 

simulation-based learning (SBL) dispenses a method of practicing low-occurrent, more distinctive 

procedures in a safe and risk-free setting. The U.S Institute of Medicine surmises “Thus, mistakes 

can best be prevented by designing the health system at all levels to make it safer--to make it 

harder for people to do something wrong and easier for them to do it right. [4] 

According to the report published by the U.S. Institute of Medicine in 1999 – ‘To Err is Human: 

Building a Safer Health System’, 44,000 to 98,000 people die of preventable medical errors 

annually[4]. In addition, more recent articles suggest that more than 400,000 lives are lost per year 

as a result of iatrogenesis – the third leading cause of death in the U.S.A [5].  

These figures raise the issue of patient safety and comfort. Simulations allow professionals to get 

abundant practice on task trainers before performing the procedure on the patient. Studies show 

that computer simulation training enhances patient comfort during endoscopies. Patients whose 

endoscopies were performed by students who underwent simulation-based training reported 
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significantly less discomfort than those who were treated by students who underwent patient based 

training [6]. 

Kevin Kunkler summarizes it well – “Simulators are useful tools in determining a physician’s 

understanding and use of best practices, management of patient complications, appropriate use of 

instruments and tools & overall competence in performing procedures” [7].  

The simulators used in medical schools and teaching hospitals vary depending on cost, fidelity, 

and modality. 

Table 1. differentiates between fidelity and modality in the context of simulators. 

 

Table 2. shows the typology of modalities in clinical simulation. [8] 

 

Modality 

 

Description 

Partial Task Trainers A device used to simulate a specific procedural technique. Economical, useful 

for regular practice. 

Realistic Patient 

Simulators/Full body 

mannikin  

High fidelity externally controlled mechanical models of patients with 

human-like physiology. Can simulate complex conditions while providing 

high degree of realism. However, inaccessible, expensive, time consuming, 

and resource intensive. 

Immersive Reality Use of technology to create a three-dimensional virtual interface wherein the 

student can practice in an interactive & multi-dimensional environment.  

Simulated/Standardized 

Patients 

People who have been carefully trained to simulate a real patient. It can be 

used to practice communication and debriefing skills. However, simulations 

are limited. 

Hybrid Simulation  Combining modalities to increase realism via a multimodal simulation. E.g., 

Application of a partial task trainer on a simulated patient. 

Modality The type of simulation being employed to practice a particular procedure in 

accordance with simulated or synthetic learning methods. 

 

Fidelity 

  

The degree to which a simulation accurately represents an actual procedure 

and produces interactions on par with its tangible life equivalent. Depending 

on the extent of realism, fidelity can be classified as low or high. Fidelity is 

multifaceted and can also be conceptual, environmental, functional, physical, 

and/or psychological. 
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Figure 2. Visual representation of simulation modalities 

Table 3 describes the different fidelities in clinical simulation. [9] 

 

Often, more costly, high-fidelity simulators are equated with having higher efficacy. However, 

contradictory meta-analysis of 24 studies involving both low and high-fidelity learning showed 

that both simulations resulted in consistent improvement as compared to a control group, but no 

significant advantage was found of high-fidelity simulation (HFS) over low-fidelity simulation 

(LFS), any and all differences ranged from 1-2%.[10] 

 

Type of 

Fidelity 

Description 

High Refers to highly realistic simulators. 

Low Manual simulators with no computer-based or external input. 

Conceptual Refers to the accuracy of data, ensures supplementary information is consistent with 

diagnosis/case study. 

Environmental The degree to which simulated environment resembles the real environment. 

Functional The extent to which the simulator complements the individual’s actions. 

Physical The extent to which simulator embodies the real task. 

Psychological Degree to which individual internalizes realism provided by the simulator. 
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Furthermore, research suggests that while there is no significant advantage of HFS over LFS, 

students practicing with HFS tend to be more overconfident [11]. 

The technology employed in some modalities of simulation is not widespread. Students and 

professionals in low to middle income countries (LMICs) cannot experience the same simulations 

as those in high income countries (HICs). The simulations developed in HICs are biased to cultural, 

economic, and logistical standards that favor their actuality. The same developments cannot be 

generalized to LMICs due to the vast distinction between the two variables. Healthcare workers in 

LMICs are subjected to a repetitive cycle of needing to train students but not having the time, and 

in scenarios when time is not a constraint, resources are. This is something that is referred to as an 

“education paradox” [12]. 

 

To bridge this gap between resources available to individuals in HICs and those in LMICs, low-

cost simulators created from easily obtained materials are developed and validated. In addition, 

numerous self-assembled & cost-effective alternatives such as hybrid simulation, moulage, 3D 

printing using available, biodegradable filaments such as PLA can be used to substitute for the 

lack of prefabricated simulators in these areas.  

 

Therefore, to effectively address the facets mentioned above of simulation and its more attainable 

forms whilst trying to gauge the potential of such devices, we have scoped a diverse assortment of 

publications and compiled their findings in this review of the literature. 

 

This study aims to review: 

• How are low-cost simulators developed and their cost effectiveness? 

• What are the procedural skills practiced using low-cost simulators? 

• Where are low-cost simulators developed and implemented? 
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Method 

To acquire the required data and filter it into the relevant categories. Our search strategy involved 

title and abstract based analysis of publications, including the keywords: “low cost - task trainer”. 

Upon reviewing 84 publications acquired from PubMed and filtering the relevant articles dated 

between 2005 and 2021, we categorized the specialty the device is specific to, whether the model 

has been validated or not, the price range, how recently and where the model was developed. The 

documentation of the selection process was conducted following PRISMA 

 

 

 

 
Figure 3. Systematic review of relevant publications following PRISMA 

guidelines 
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Results 

The following linear diagram depicts the included studies' incidence spanning 16 years between 

2005 and 2021. 

 

 

Figure 4. The frequency of publication related to low-cost task trainers 

 

The linear graph gives a broad understanding of the spread of the selected publications over the 

years. The trend shows a sharp increase in publications on ‘low-cost task trainers’ from 2011 

onwards, peaking in 2020 with 6 out of 39 studies. 

The table below summarizes our findings extensively and categorizes them into the criteria named 

earlier. 
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Table 4 gives an extensive overview of the procedures, specialties, costs, validity, place, and year in which 

the subjects of the included records were developed. 

S. 

No. 

Publication 

 

Procedure Specialty Validated 

y/n 

Cost1* Place Year  

1 Construct validity of a low-cost 

medium-fidelity endoscopic 

sinus surgery simulation model 

[13] 

 

 

Endoscopic sinus 

surgery 

 

 

 

Otolaryngology 

 

 

 

Yes 

 

 

 

- 

 

 

 

U.S.A. 

 

 

 

2018 

2 Construction and Validation of a 

Low-Cost Laparoscopic 

Simulator for Surgical Education 

[14] 

 

 

Laparoscopy 

 

 

General 

Surgery 

 

 

Yes 

 

 

$309 

 

 

U.S.A. 

 

 

2013 

3 A Low-Cost Platform for 

Laparoscopic Simulation 

Training [15] 

 

 

Laparoscopy 

 

Obstetrics and 

Gynecology 

 

 

Yes 

 

 

- 

 

 

U.S.A. 

 

 

2020 

4 Face, Content, and Construct 

Validity of a Low-Cost Sinus 

Surgery Task Trainer [16] 

 

Endoscopic sinus 

surgery 

 

 

Otolaryngology 

 

 

Yes 

 

 

- 

 

 

U.S.A. 

 

 

2011 

5 Teaching and assessing 

endoscopic sinus surgery skills 

on a validated low-cost task 

trainer [17] 

 

 
Endoscopic Sinus 

Surgery 

 

 

Otolaryngology 

 

 

Yes 

 

 

- 

 

 

U.S.A. 

 

 

2013 

6 Development of a Novel Task 

Trainer for Second Trimester 

Ultrasound-guided Uterine 

Evacuation [18] 

 

Uterine Evacuation 

 

 

Obstetrics and 

Gynecology 

 

 

Yes 

 

 

- 

 

 

U.S.A. 

 

 

2015 
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7 A Simple Cost-Effective Design 

for Construction of a 

Laparoscopic Trainer [19] 

 

 

Laparoscopy 

 

 

General 

Surgery 

 

 

No 

 

 

$275 

 

 

U.S.A. 

 

 

2005 

 

 

 

8 An Easily Assembled, Low-Cost 

Model for Lateral Canthotomy 

Education [20] 

 

 

 

 

Lateral canthotomy 

 

 

 

 

Emergency 

Medicine 

 

 

 

Yes 

 

 

 

- 

 

 

 

U.S.A. 

 

 

 

2021 

9 A Novel Low-Cost Sinus 

Surgery Task Trainer [21] 

 

 

Sinus surgery 

 

 

Otolaryngology 

 

 

Yes 

 

 

>$5 

 

 

U.S.A. 

 

 

2011 

10 A model for training and 

evaluation of myringotomy and 

tube placement skills [22] 

 

 

Myringotomy and 

Tube Insertion 

 

 

 

Otolaryngology 

 

 

 

Yes 

 

 

 

- 

 

 

 

U.S.A. 

 

 

 

2011 

11 Five Really Easy Steps to Build 

a Homemade Low-Cost 

Simulator [23] 

 

Endoscopic 

Surgery  

 

General 

Surgery 

 

Yes 

€33.67 

~$39.43 

 

 

Portugal 

 

2012 

12 Use of 3-Dimensional Printing to 

Create Patient-Specific Thoracic 

Spine Models as Task Trainers 

[24] 

 

 

 

 

Thoracic Epidural 

 

 

 

Anesthesiology  

 

 

 

Yes 

 

- 

 

 

 

U.S.A. 

 

 

 

2017 

13 Novel Low-Cost, Low-Fidelity 

Hemorrhoidectomy Task 

Trainers [25] 

 

 

Hemorrhoidectomy 

 

General 

Surgery  

 

 

Yes 

 

- 

 

 

U.S.A. 

 

 

2020 

14 Development and evaluation of a 

low-cost part-task trainer for 

laparoscopic repair of inguinal 

hernia in boys and the 

acquisition of basic laparoscopy 

skills [26] 

 

 

 

 

 

Laparoscopy 

 

 

 

General 

Surgery 

 

 

 

 

Yes 

 

 

- 

 

 

 

 

France 

 

 

 

 

2020 

15 Development and Validation of a 

Modular Endoscopic Ear 

Surgery Skills Trainer [27] 

 

 

Endoscopic Ear 

Surgery 

 

 

Otolaryngology 

 

 

Yes 

 

$15 

 

 

U.S.A. 

 

 

2017 
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16 A Simple, Low-Cost Platform 

for Basic Laparoscopic Skills 

Training [28] 

 

 

Laparoscopy 

 

General 

Surgery 

 

 

Yes 

 

- 

 

Palestine/ 

Israel 

 

 

 

2008 

17 Construct Validity, Assessment 

of the Learning Curve, and 

Experience of Using a Low-Cost 

Arthroscopic Surgical Simulator 

[29] 

 

 

 

Arthroscopy 

 

 

Orthopedic 

Surgery 

 

 

 

Yes 

 

- 

 

 

United 

Kingdom 

 

 

 

2017 

18 Fabrication and validation of a 

low-cost, medium-fidelity 

silicone injection molded 

endoscopic sinus surgery 

simulation model [30] 

 

 

 

 

 

Endoscopic sinus 

surgery 

 

 

 

 

Otolaryngology 

 

 

 

 

Yes 

 

 

- 

 

 

 

 

U.S.A. 

 

 

 

 

2016 

19 Development and Assessment of 

a Low-Cost 3D-printed Airway 

Model for Bronchoscopy 

Simulation Training [31] 

 

 

 

Bronchoscopy  

 

 

 

Pulmonology 

 

 

 

Yes 

AUD $40 

USD 

$29.02 

 

 

 

Australia 

 

 

 

2016 

20 Every Surgical Resident Should 

Know How to Perform a 

Cricothyrotomy: An Inexpensive 

Cricothyrotomy Task Trainer for 

Teaching and Assessing Surgical 

Trainees [32] 

 

 

 

Cricothyrotomy 

 

 

 

Emergency 

Medicine 

 

 

 

Yes 

 

- 

 

 

 

U.S.A. 

 

 

 

2015 

21 A Low-Cost, Reusable, Ballistic 

Gelatin Ultrasound Phantom for 

Simulation of Glenohumeral 

Intraarticular Injections [33] 

 

 

 

Glenohumeral joint 

injection 

 

 

Emergency 

Medicine 

 

 

Yes 

 

$85 

 

 

U.S.A. 

 

 

2017 

22 Evaluation of skills acquisition 

using a new low-cost tool for 

CPR self-training [34] 

 

 

 

Cardiopulmonary 

Resuscitation  

 

 

Emergency 

Medicine 

 

 

Yes 

€150 

Approx. 

$175.67 

 

 

 

Portugal 

 

 

2018 

23 Construction of an Affordable 

Lumbar Neuraxial Block Model 

Using 3D Printed Materials [35] 

 

 

Lumbar Neuraxial 

Block 

 

 

Anesthesiology  

 

 

No 

 

>$400 

 

 

U.S.A. 

 

 

2019 

24 Implementation of Low-Cost 

Obstetric Hemorrhage 

Simulation Training Models for 

Resident Education [36] 

 

Obstetric 

Hemorrhage 

 

Obstetrics and 

Gynecology 

 

Yes 

 

~$300 

 

U.S.A. 

 

2019 
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25 Introducing 3D printed models 

of the upper urinary tract for 

high-fidelity simulation of 

retrograde intrarenal surgery [37] 

 

 

 

Retrograde 

intrarenal surgery 

 

 

 

Urology 

 

 

 

No 

€200–400 

~USD 234-468 

 

 

 

 

Italy 

 

 

 

2021 

26 A Low-Cost Priapism 

Detumescence Simulator for 

Emergency Medicine Residents 

[38] 

 

 

Ischemic 

 Priapism 

 

 

 

Emergency 

Medicine 

 

 

Yes 

 

~$25 

 

 

U.S.A. 

 

 

2021 

27 Assessment of a mitral valve 

replacement skills trainer: A 

simplified, low-cost approach 

[39] 

 

Mitral Valve 

Replacement 

 

 

Cardiology 

 

 

Yes 

 

~$40 

 

 

U.S.A. 

 

 

2013 

28 A Cervical Cerclage Task 

Trainer for Maternal-Fetal 

Medicine Fellows and 

Obstetrics/Gynecology Residents 

[40] 

 

 

Cervical 

Cerclage 

 

 

Obstetrics and 

Gynecology 

 

 

Yes 

 

~$100 

 

 

U.S.A. 

 

 

2012 

29 Teaching Vaginal Hysterectomy 

via Simulation: Creation 

and Validation of the Objective 

Skills Assessment Tool for 

Simulated Vaginal Hysterectomy 

on a Task Trainer and 

Performance Among Different 

Levels of Trainees [41] 

 

 

 

Vaginal 

Hysterectomy 

 

 

 

Gynecology 

 

 

 

Yes 

 

- 

 

 

 

U.S.A. 

 

 

 

2019 

30 Bringing the Skills Laboratory 

Home: An Affordable Webcam-

Based Personal Trainer for 

Developing Laparoscopic Skills 

[42] 

 

 

Laparoscopy 

 

General 

Surgery 

 

 

Yes 

 

- 

 

 

U.S.A. 

 

 

2011 

31 Improving Clinical Proficiency 

Using a 3-Dimensionally Printed 

and Patient-Specific Thoracic 

Spine Model as a Haptic Task 

Trainer [43] 

 

 

Thoracic epidural 

analgesia 

 

 

Anesthesiology 

 

 

Yes 

 

- 

 

 

U.S.A. 

 

 

2018 

32 Pilot Testing of a Novel 

Surgical Simulator for 

Endoscopic Zenker’s 

Diverticulotomy 

 

Endoscopic 

Zenker’s 

diverticulectomy 

 

 

Otolaryngology 

 

 

Yes 

 

$2-$20*2 

 

 

U.S.A. 

 

 

2016 

33 A Low-Cost Insertion Trainer 

for Resuscitative Endovascular 

Balloon Occlusion of the Aorta 

(REBOA) [44] 

 

 

REBOA 

 

 

Emergency 

Medicine 

 

 

Yes 

 

- 

 

 

U.S.A. 

 

 

2020 
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34 Development of a Cost-Effective 

Pediatric Intubation Task Trainer 

for Rural Medical Education 

[45] 

 

 

Intubation 

 

 

Pediatrics 

 

 

Yes 

 

- 

 

 

Canada 

 

 

2020 

35 Gastroschisis Simulation Model: 

Pre- surgical Management 

Technical Report [46] 

 

Pre-Surgical 

Management 

 

 

Pediatrics 

 

 

No 

 

~$21.75*2 

 

 

U.S.A. 

 

 

2017 

36 Making the Cut: Implementing a 

Low Cost, Low Fidelity 

Simulation Model for Teaching 

Emergency Thoracotomy 

Procedure [47] 

 

 

Thoracotomy 

 

Emergency 

Medicine 

 

 

Yes 

 

- 

 

 

U.S.A. 

 

 

2020 

37 In-utero stenting: development 

of a low-cost high-fidelity task 

trainer [48] 

 

 

Stent placement 

 

Obstetrics and 

Gynecology 

 

 

No 

 

~ $60 

 

 

U.S.A. 

 

 

2009 

38 Development of a Novel 

Ultrasound-guided Peritonsillar 

Abscess Model for Simulation 

Training [49] 

 

Drainage of 

peritonsillar 

abscess 

 

Emergency 

Medicine 

 

 

Yes 

 

~ <$110 

 

 

U.S.A. 

 

 

2018 

39 A novel biosimulation task 

trainer for the deliberate practice 

of resuscitative 

hysterotomy [50] 

 

Resuscitative 

hysterectomy 

 

Emergency 

Medicine 

 

Yes 

 

$28.25*2 

 

 

U.S.A. 

 

2018 

*1 All prices are approximate and subject to variation. 

*2 Cost not inclusive of pre-existing and available mannikins and 3D printing devices. 

 

The development and cost effectiveness of various low-cost simulators. 

After extracting the required data from the above publications, we managed to quantify the 

distribution of the locations in which the simulators are developed. These numbers were initially 

represented by continent and were then further delineated by country.  
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Figure 5. depicts the distribution of the simulators across different continents 

 

Of the 39 simulators detailed in the above publications, 32, i.e., 82% were developed in North 

America, 12.8% of the models were developed in Europe, 2.6% were developed in Asia, and an 

additional 2.6% of the simulators were developed in Australia. Thus, the information shows that 

the development of simulators is primarily concentrated in North America, followed by Europe, 

Asia, and Australia, respectively, as illustrated in figure 5. 

 

Figure 6. The distribution of publications across countries. 
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The data was then branched out to include the development of simulators by country rather than a 

continent. The above graph in figure 6 shows that the U.S.A dominates the development of low-

cost task trainers in North America with 31 out of 39, i.e., approximately 79.5% of the 

developments being made there. This was followed by 5.1% (i.e., 2 out of 39) of the publications 

being from Portugal in Europe. The remaining six publications comprised devices developed in 

Canada, U.K., France, Italy, Australia, and Israel/Palestine (2.6% each). 

 

 

Figure 7.  The price ranges of low-cost simulators  

 

In terms of cost and resource expenditure, most publications left cost ranges unspecified while a 

majority, i.e., 9 of the simulators (~23%) cost between 0 – 50 dollars. The minimum and maximum 

costs derived from the selected studies were >5$ and ~400$, respectively.  
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Figure 8. Cost comparison of selected low-cost task trainers and their commercial counterparts 

 

The above graph compares the prices of selected low-cost task trainers from the included articles. 

It compares them to the prices of commercial simulators produced by prominent medical 

simulation companies, adapted to have additional functions relevant to the primary procedure at a 

higher price.  

For reference, only four procedures have been contrasted for ease and accuracy of comparability.  

A low-cost intra-articular joint injection trainer outlined in a study listed above cost approximately 

$85 while its commercial counterpart produced by GT Simulators in the U.S.A. costs ~$1003 [51]. 

Therefore, the collected data suggest that the commercial device 11.8, i.e., approximately 12 times 

more than the low-cost trainer. 

Furthermore, a low-cost individually developed CPR feedback model detailed in an above study 

cost about $175.67. In comparison, the retail price of a similar program developed by Simulaids 

costs about $4809.71 (i.e., 27 times the price of the low-cost device) [52]. 

Similarly, bronchoscopy and epidural simulators developed by Simulaids are 92.4 and 4.8 times 

more costly than their accessible equivalents, respectively [53][54].  
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The procedural skills practiced using low-cost simulators. 

 

 

Figure 9. Specialty distribution of low-cost simulators 

As presented in figure 9 above, the bulk of the simulators were developed to be used in the field 

of Emergency Medicine (23%), followed by Otolaryngology (20.5%), General Surgery (18%), 

OB/GYN (15.4%), Anesthesiology (~8%) and so on. 

 

The simulated procedures carried out were predominantly endoscopic, comprising 33.3% of the 

compiled procedures. Procedures involving removal and cutting formed a combined total of 18% 

of the simulators (7.7% and 10.3%, respectively). Epidural simulators occurred least, at a 

frequency of 5.1%. Other procedures and practical skills not under these definitions constitute 

43.6% of the 39 studies, as shown in figure 10 below.  
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Figure 10. Type of procedures covered by low-cost simulators 

 

Whether the use of low-cost simulators are ubiquitous or localized in LMICs and/or HICs.  

All the simulators have been developed in high-income countries (HICs) from the data given 

above. While most studies claim to have used accessible materials available in low resource areas, 

not many publications include a price range that can be used to quantify the value of the simulator 

and classify it as low-cost. Approximately 80% of the simulators were developed in the U.S.A, 

while the remaining 10% were developed in affluent, high resource countries spread across Asia, 

Europe, Australia, and North America.  

 

Discussion 

Simulation-based learning has proven itself to be a valuable tool in medical education. In a world 

where medicine is constantly evolving and adapting itself to complement advancements in 

healthcare and the need for well-versed healthcare professionals. Considering the increasing 

demand for medical attention worldwide, simulation-based learning has become a more reasonable 

teaching methodology than ever before.  
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However, the benefits provided by simulators of varying fidelities are often restricted to resource 

rich, high-income countries, as evidenced by our results. Although efforts have been made to 

universalize complex simulating devices in low-middle income countries, the results of this review 

suggest that definitions of low-cost vary following the many privileges available to individuals in 

high income countries. Different values are assigned to labor, time, assembly, and apparatus. 

Additionally, given the vast gap between the development of medical systems in HICs and LMICS, 

the priorities and goals of students and professionals in these places differ in terms of the 

development of such low-cost models. While studies conducted in HICs focused on debriefing, 

consultation with standardized patients, diagnosis, skills acquisition, and management, those in 

LMICs are possibly more likely to give greater importance to the prolonged study of identification 

and treatment of the condition itself. Students and professionals in LMICs may be more inclined 

to create and validate more economical models to implement them in medical education as a more 

permanent alternative. [55] 

One would assume that low-cost simulators would have a higher demand in LMICs where they 

would benefit professionals more. However, our findings show that all the selected task trainers 

were developed in HICs with an approach based primarily on innovation rather than accessibility. 

This objective does not align with the aims of the distribution and development of simulated 

models in LMICs. 

Furthermore, our results show that out of the 84 publications, 39 were deemed relevant to the 

categories “low-cost” and “task trainer”. From the selected sample, 20 omitted the costs of their 

task trainers while the other 19 gave approximate prices. Studies suggest development and 

application of simulations in medical education may be restricted due to the lack of emphasis on 

outcome-based economic analysis in this field. Due to the qualitative nature of the data collected 

from instances in which simulations are employed (i.e., student feedback, outcomes, opinions on 

feasibility, and versatility) it is harder to quantify and give value to subjective information in a 

context that is relevant to a cost-benefit (CBA) or cost-effectiveness analysis (CEA). Adding to 

this conundrum, testimonials from those surveyed may vary and contradict final outcomes; 

someone who did not believe that simulation added significant value to their medical education 

may go on to become an excellent physician. In this scenario, the outcome is good but not as a 

result of what is being assessed. [56] 
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Such remediable barriers create a disinclination towards investing in simulation technology and 

its dissemination in LMICs at reasonable prices. 

Considering the lack of distribution of resources required to create an efficient simulation-based 

learning environment, improvements that can be made in simulation education going ahead may 

be to inculcate experiential alternatives that comply with the criteria required to provide an 

essential simulated environment. Kneebone et al. suggest that thinking broadly and focusing on 

“simulations rather than simulators” may prove to be a more holistic approach. [57] Options that 

have been explored include global tie ups with established simulation centers [58], using “selective 

abstraction” in a distributed simulation to include the essential components of a simulation in an 

economical, remote and functional environment [57] and consolidating two or more simulation 

modalities to create an affordable and equally realistic hybrid simulation [59]. 

Some statistics suggest that hospitals in LMICs experienced an estimated 50% more harmful 

outcomes than institutions in HICs. [60] Introducing an effective simulation program may help 

strengthen procedural and communication skills, thereby possibly rectifying and decreasing these 

numbers.  

From the compiled data in figure 9, it can be observed that low-cost task trainers were developed 

more frequently to practice procedures categorized within Emergency Medicine, followed closely 

by Otolaryngology. Even so, practicing skills on these trainers refine procedural technique and 

skills acquisition and enhance theoretical knowledge, communication skills, patient care, and 

professionalism – skills that are viable in any specialty of medicine.  

Moreover, a vast majority of the procedures classified under Emergency Medicine in the 

publications can branch out into other specialties, including Obstetrics, Gynecology, and Urology. 

[61] 

It is noteworthy that while medical simulations are invaluable additions to the current scheme of 

medical education, they are still developing and expensive to produce, validate and propagate. 

However, the benefits provided by such methods have been proven to be an on par augmented 

correspondent to traditional teaching methods, especially in conjunction with the forenamed 

alternatives [62]. 
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Conclusion 

After a careful review of the accessibility of low-cost simulations as a means of teaching in medical 

education, we can conclude that more advanced methods of teaching centered around realism are 

sparse in low-middle income countries and vary in terms of advancement, feasibility, cost 

effectiveness, and resource availability. Therefore, alternatives and initiatives should be 

established to propagate a new, more immersive, simulation-centric medical pedagogy of which a 

relatively large sample can reap benefits. We have set apart parameters by which we can monitor 

the spread of the technology internationally and determined from our limited findings that 

simulation is a valuable tool that can significantly benefit multiple facets of the education of 

tomorrow’s physicians. 
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