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High-technology simulation refers to using a high-technology simulator(s) 
during a simulation experience.[1] These simulators are computerised and 
program-controlled by someone external to the learner.[2] High-technology 
simulators include human patient simulators,[3] a flat-screen simulation that 
is not a manikin but a program running on a personal computer (PC) and 
a smartphone or tablet to train students how to use didactic information.[4] 
Recent developments include augmented reality where a digital overlay over 
real-world objects is created,[5] and virtual reality where a headset is used to 
create a digital environment and a scenario where students can interact with 
the virtual procedure. Laparoscopic surgery and endoscopic trainers are 
used extensively for training and deliberate practise of procedures. Students’ 
ability and progress are automatically monitored and feedback is provided 
by the software.[6] For the purpose of this study the term ‘high technology’ 
was used instead of high fidelity, as the latter means a higher level of realism. 
The dimensions involved in fidelity are the physical, psychological and social 
factors, the culture of the group and the participants’ mode of thinking.[4]

Research has been published on the application of high-technology clinical 
simulation as a training tool for specific clinical scenarios in South Africa 
(SA).[7-10] However, little has been reported on the operational approach taken 
and challenges faced when creating and running a high-technology clinical 
simulation facility in SA. Swart et  al.[7] stated that financial constraints to 
obtain simulators and a lack of dedicated simulation technicians, trained 
educators and time for simulation activities are the major barriers to 
simulation implementation. The importance of using simulation to expand 
the teaching platform as SA student numbers increase, was the focus of the 

research reported by Labuschagne et al.[11] Phillips[12] concluded that the high 
human and financial investment of a simulation facility in SA should mandate 
effective use of the facility.

Due to the specific SA training platform, case mix (tuberculosis, HIV, non-
communicable diseases, such as diabetes, hypertension and cardiovascular 
conditions) and resources (limited access to simulation facilities and 
expensive equipment),[8] the local operational challenges may differ from 
those established in developed countries. 

According to Calzada,[13] healthcare simulation is currently experiencing 
an international rise in usage. Apart from the actual simulators, operational 
subsystems are needed for best practices to achieve optimum operational 
functioning in high-technology simulation. Several authors identify 
these additional subsystems as management, funding, staffing and staff 
development, curriculum integration, physical environment considerations 
and research outputs.[14-16] 

The objective of the current study was to establish the operational approach 
taken and challenges faced regarding high-technology clinical simulation 
by simulation facilities at accredited SA public health professions training 
institutions.

Methods
Design
A quantitative descriptive study was performed. A deductive research 
approach was followed, as it tested the existing theory[17] of high-technology 
simulation against how it is experienced in SA facilities.
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Sampling and participants
The target population comprised representatives of simulation facilities at 
SA public health professions training institutions where high-technology 
simulation is used. Only institutions that have accredited professional 
programmes (the South African Nursing Council, the Health Professions 
Council of South Africa and the South African Pharmacy Council) were 
included; private institutions were excluded. An institution could have more 
than one simulation facility. Each institution identified was approached to 
ascertain how many simulation facilities they have. Using the contact details 
obtained from the relevant council’s website, the listed representative of the 
institution was contacted to determine whether simulation is part of the 
training platform at a specific institution and who the contact person for 
the simulation facility is. The identified contact person was requested to 
complete the questionnaire used to collect information. The Clinical Skills 
and Simulation Unit, Faculty of Health Sciences, University of the Free State 
(UFS), Bloemfontein, SA, was excluded from the study owing to the first 
(RvW) and second (ML) authors’ affiliation to the facility. 

Data collection
An online questionnaire survey was conducted by the first author (RvW). 
It was developed using the Education Survey Automation Suite (EvaSys), 
available at www.surveys.ufs.ac.za and hosted by UFS. The URL of the 
questionnaire was sent to participants by email. The questionnaire was 
divided into eight sections. The first section recorded demographic data. 
The following sections included the six operational subsystems: management 
aspects, funding, staffing and staff development, curriculum integration, 
physical environment and research. These operational subsystems were 
derived from Palaganas et al.,[14] Labuschagne[15] and Kyle and Murray.[16] The 
final section focused on the challenges faced by the units and was divided 
into initial challenges faced when the unit was established and the day-to-day 
challenges. The layout of the questionnaire was created according to the best 
practices and visual design proposed by Artino et al.[18] Using both national 
and international literature contributed to validity during the literature review, 
which served as a guide for the development and content of the questionnaire.

Pilot study
A pilot study was conducted with representatives of two facilities that 
use simulation as a teaching tool. Feedback on the design, clarity and 
correctness of the questionnaire by the two representatives was obtained 
telephonically. The pilot study, together with the fact that a questionnaire 
survey is a structured research instrument, enhanced the reliability. The 
responses from the pilot study were used in the main study, as no changes 
to the questions or methodology were required. 

Data analysis
The data were collected and collated into a blinded Microsoft Excel, version 
16.0 (Microsoft Corp., USA) sheet by the first author (RvW). The data were 
analysed by the Department of Biostatistics, UFS, in terms of frequencies and 
percentages. Answers to open-ended questions were coded into themes by the 
first author (RvW), followed by quantitative analysis.[19] The use of open-ended 
questions coded into themes also increased validity, as these were based on the 
participants’ responses rather than themes created beforehand by the researcher. 

Ethical considerations
Approval for the research project was obtained from the Health Sciences 

Research Ethics Committee (HSREC), UFS (ref. no. HSREC 115/2017). 
Permission from the dean of the Faculty of Health Sciences and the 
vice-rector, Research, UFS, was obtained for the project. Permission to 
conduct the survey with the relevant simulation facility representative was 
requested from the various health professions training institutions in the 
target population. In most cases (n=10), approval from the relevant dean or 
department head was sufficient to complete the questionnaire, while others 
had an institutional or faculty ethics committee or a research gatekeeper 
committee that had to approve participation. An information letter and an 
informed consent form to be signed were sent to representatives by email. 

Results
A total of 128 representatives from 12 health professions, representing 
42 institutions, were contacted. These institutions were classified into three 
categories: universities (n=23), nursing colleges (n=12) and emergency care 
colleges (n=7). Replies were received from 27 (64.3%) institutions, but 4 
(that indicated that they use simulation) did not complete the survey, leaving 
23 (54.8%) participating institutions. These 23 institutions consisted of 19 
(82.6%) universities, 2 (16.7%) nursing colleges and 2 (28.6%) emergency 
care colleges. Seven (30.4%) of the 23 participating institutions indicated 
that no simulation was used. These 7 institutions comprised 5 (26.3% of 
respondents) universities and 2 (100% of respondents) nursing colleges. 
Simulation was used at 16 (69.6%) of the participating 23 institutions 
‒ 14 universities and 2 emergency care colleges. The 16 institutions 
represented 17 simulation facilities, as one of the universities had two 
separate participating facilities. High-technology simulation is used in the 
participating facilities (n=14) across 8 professions (Table  1), with nursing 
and emergency care being the most commonly represented professions. Ten 
(71.4%) of the facilities serve more than one profession.

Fourteen of the participants indicated that high-technology simulation 
was used at the facility they represented (each from a different institution). 
Reasons listed for no high-technology simulation (n=3) was that no funds 
were available (n=2) and that there was no need for high-technology 
simulation in the curriculum (n=1). Only 4 (28.6%) of the 14 (28.6%) 
facilities were stand-alone facilities with their own management systems in 
place, whereas 10 (71.4%) were situated in a clinical department.

With regard to the most prevalent documentation used by the facilities, 
10 (71.4%) used student feedback forms, while 9 (64.3%) had a financial 
plan and 9 (64.3%) had policy documents in place. Documents that were 
used the least were strength, weaknesses, opportunities and threats (SWOT) 
analyses, which were performed by only 3 (31.4%) facilities. Performance 
indicator documents were used by 4 (28.6%) and only 5 (35.7%) facilities 
had needs analysis documents. 

The median number of full-time employees at a stand-alone simulation 
facility was 5 (range 1 - 9) and where a simulation facility was part of another 
department, a median of 2 (range 0 - 13) full-time staff was allocated for 
simulation. Three respondents indicated that in some instances, multiple 
roles were covered by the same staff member, whereas in 2 cases, facilities 
made use of staff (content specialists) on an ad hoc basis to assist with 
simulations. 

Four (28.6%) facilities had dedicated technical staff. Of the facilities 
surveyed, 46.2% indicated that they had no back-up plan in place if a staff 
member was absent on the day of a simulation. The other 53.9% attempted 
to ensure that all staff members were involved in the planning phase so that 
another staff member could cover certain aspects when someone was absent.

http://www.surveys.ufs.ac.za
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The participating simulation facilities mainly acquired their funding 
through institutional budget allocations (78.6%) and government education 
grants (78.6%). Fifty percent of the facilities also received funds through 
government health grants. These institutional and government funding 
streams were related to the day-to-day teaching and learning activities of 
the institutions’ students. Other sources of income were external (non-
government funding, also referred to as third-stream income) and were 
mainly generated through certification training courses (35.7%) and other 
training provided to external clients (57.1%). 

During the survey, 78.6% of the participating facilities stated that they used 
a financial steering committee, and the same number had a procurement 
policy in place.

Nine (64.3%) of the simulation facilities were custom built, while the other 
5 used pre-existing spaces allocated to them. Twelve (85.7%) of the surveyed 
facilities had dedicated rooms available for simulations, but only 3 (21.4%) 
had separate, dedicated debriefing areas. Regarding the latter, only 50.0% of 
the facilities had spaces that could be used for debriefing (3 had dedicated 
debriefing rooms, and the remaining 4 used multipurpose spaces). 

With regard to audio-visual equipment, 11 (78.6%) facilities used it to 
stream or record some or all of the high-technology experiences in the facility. 
In 10 (71.4%) facilities, these were recorded for later viewing, and 4 (28.6%) 
facilities also had the capabilities to stream the simulations to observers in a 
separate room. Eight (57.1%) of the facilities had control/observation rooms. 
Six (75%) used rooms that were separate from the areas where the simulation 
experience took place. 

The highest frequencies of high-technology simulation usage were among 
third-year (9 facilities), fourth-year (8 facilities) and postgraduate (8 facilities) 
students. The number of students using high-technology simulation facilities 
was highest among the fifth-year (median 195) and sixth-year (median 21) 
students. While almost all (92.9%) of the facilities used high-technology 
simulation for teaching and learning activities, only 50% used it for summative 
assessment, and 57.1% used it for formative assessment.

In the facilities with research outputs (6 of 14; 42.9%), the involvement of 
the simulation staff was mainly as postgraduate examiners or postgraduate 
study leaders (5 each). In 4 facilities, research outputs were via the publication 
of research articles in journals, and in 3 instances, by postgraduate students 
using high-technology simulation equipment for research. Five of 6 (83.3%) 
facilities were producing research outputs pertaining to a health profession 
discipline using high-technology simulation, with the research focusing on 
simulation or high-technology simulation.

Four (28.6%) of 14 respondents were involved in their respective facility’s 
initial establishment. Each of these respondents (n=4) were requested to list 
up to 5 specific challenges (open-ended question) they had experienced with 
the initial set-up of the facility. These 5 aspects were ranked (most important 
= 5; least important = 1) and combined into themes. 

All 4 (100%) respondents pointed out that finding an appropriate space, 
infrastructure issues and layout had been a challenge during the initial set-
up (ranked 4; range 1 - 5). Three (75%) respondents indicated that technical 
difficulty with PCs (ranked 4; range 3 - 5) and budget constraints (ranked 2; 
range 1 - 3) had been challenging. 

Similarly, each respondent was asked to list up to 5 specific challenges 
(open-ended question) experienced with the day-to-day running of the 
facility. These aspects were ranked (most important = 5; least important = 
1). The aspects were combined into themes and are reported in Table 2. Two 
respondents did not complete the question. 

Other general challenges experienced were given as a list to select from 
and were not ranked. During the initial set-up of the facilities (n=4), lack 
of trained staff (n=4; 100%) and lack of human resources (n=3; 75.0%) had 
been the most prevalent challenges. 

General challenges faced by facilities during the day-to-day running (n=14) 
are listed in Table 3. Respondents were asked what approach (if any) they took 
to alleviate the day-to-day challenges. Six indicated that they were planning 
and budgeting for additional simulation training for staff, including technical 
training for using high-technology manikins correctly and effectively, as well 
as for general maintenance. One respondent indicated that they planned 
training in collaboration with other simulation facilities to share knowledge. 
Three respondents indicated that they needed more physical space, of which 
one had successfully motivated for additional space based on the facility’s 
usage statistics. 

Two respondents indicated that they worked closely with discipline-specific 
staff and lecturers (from other departments) to help create the scenarios well 
in advance to avoid rushing it later. These ‘subject matter experts’ also helped 
to run the scenario in the simulation facility. Three of the facilities motivated 
for additional dedicated staff on an annual basis to try to alleviate the staff 
shortage. One mentioned that in these motivations, they also requested 
additional time in the students’ schedule to use simulation. 

Two respondents commented on the challenges of high-technology 
simulation. One referred to the expensive equipment. The other said that 
learning objectives should be defined clearly and that high-technology could 
be distracting (‘nice to play with but not always the best teaching tool’), and 
that medium-fidelity equipment might often achieve the same teaching and 
learning goals. 

Discussion
The response rate differed between the three categories of institutions 
included in the study. The low response rate from emergency care colleges 
(28.6%) and the high participation rate of universities (82.6%) skewed the 
data in favour of the universities, which was a study limitation. With 2 
nursing colleges indicating that they did not use any simulation and the 
other 10 not responding, nursing colleges possibly do not use simulation 
and are excluded from the discussion. Numbers did not allow for the 
comparison of different types of facilities. 

Management aspects
Considering the documentation in place at participating SA facilities, only 
35.7% had conducted a formal needs analysis. A needs analysis is crucial 
to set goals and strategies,[20] and should also be the starting point for any 
management decisions. Furthermore, the needs analysis should be reviewed 
periodically to adapt to changing needs and the environment. 

The use of a SWOT analysis should be an ongoing process[21] over the 
lifetime of a facility. However, only 21.4% of facilities had conducted a 
SWOT analysis. 

Staffing and staff development
A lack of trained staff and human resources was a challenge for facilities 
during the initial set-up and also during day-to-day operations. Four 
participating facilities had dedicated technical simulation staff while the 
other 10 had none (without specifying how this gap was bridged). The lack 
of dedicated technical simulation staff might place more pressure on the 
educational staff to prepare and run potentially complex simulations. Koh 



Published online  AJHPE         5

Research

and Dong[22] stated that the development of competent simulation technicians, 
with scope for further professional development, is essential for uninterrupted 
and successful simulation operations.

According to Andreatta,[23] simulation facilities, irrespective of size, need 
at least three staff roles, which include executive administration, educational 
assistance and technical operations. Staff and educators who are unavailable, 
sick or late could also be a barrier to effective simulation.[24]

To ensure effective multi-tasking by individuals in some areas, it is important 
to equip them with the correct resources in terms of training and development. 

This was especially relevant in light of COVID‑19 protocols,[25,26] when some 
staff members were not able to be on site. It is important to make sure that 
all staff members have a basic overview and understanding of all topics of 
simulation, especially of high-technology simulation and its complexities. 
This approach would ensure that staff with different designations could stand 
in for each other when a staff member is not available. 

Funding
High-technology simulation facilities can be expensive to start and run, 
as equipment, maintenance of equipment and staff costs might be high.[13] 
Funding is a critical element to run a successful high-technology simulation 
facility.[27]

Because financial control is such an important factor in achieving 
sustainable success, it is advisable that a financial steering committee should 
be in place for a simulation facility, especially with the relatively higher costs 
involved in high-technology simulation modalities.[13,27-30]

Third-stream income was mostly generated through providing 
continued professional development (CPD) activities to external clients, 
although other options for external funding are once-off corporate 
sponsorships and research funding. An advantage of third-stream income 
could be higher income through well-attended courses, especially when 
these are well marketed and advertised and the facility has an established 
reputation.[13] Disadvantages of external funding could be a lack of focus 
on the institution’s core mission.[31]

Physical environment
Contextual fidelity plays an important role in the students’ experience 
of simulation. Therefore, the environment must resemble their actual 
workplace as closely as possible. This setting must also include resources such 
as consumables, patient documentation and medical equipment required for 
the specific simulation experience.[3] The SA facilities that participated in 
the survey indicated that infrastructure and finding appropriate spaces 
(layout) were challenges. The majority used dedicated observation/control 
rooms, and footage of the simulation can be recorded or streamed to an 
observation area.

When planning a room that will be used for high-technology simulation, 
it is important to keep increasing technical complexities in mind.[32] One 
should be mindful of the electrical systems in place, i.e. where high-
technology simulation equipment will be installed. There is no one-size-
fits-all approach as far as infrastructure is concerned. Flexibility is key, and 
the use of spaces depends on the needs analysis for the simulation activities, 
available options and available funds to adapt existing structures.[30]

Curriculum integration
The effective integration of simulation into the curriculum, which consists of 
the simulation experience and debriefing, can also lead to better training of 
professional attributes in a safe environment. These attributes include, among 
others, interprofessional collaboration, professionalism, communication and 
leadership.[11] One has to ensure that the students’ theoretical knowledge is at a 
point where it will be beneficial to move forward with skills and/or simulation. 
The learning outcomes should be analysed and a decision should be made 
whether skills training will be required. 

From the data collected, it seems that the participating SA facilities 
have integrated high-technology simulation correctly from a curriculum 
scaffolding and assessment point of view.

Table 1. Professions trained at the participating high-technology 
simulation facilities, n=14
Profession* n (%)
Nursing 11 (78.6)
Emergency care 10 (71.4)
Medicine 5 (35.7)
Physiotherapy 5 (35.7)
Pharmacy 2 (14.3)
Radiography 2 (14.3)
Dietetics and nutrition 1 (7.1)
Occupational therapy 1 (7.1)

*Biokinetics, dental therapy, optometry and speech and language therapy were all 0%.

Table 2. Specific challenges during the day-to-day operation of a 
high-technology simulation facility, n=12

Challenges
Response, 
n

Median 
rank* Range

Large student groups 5 5 1 - 5
Lack of trained simulation staff 12 4 2 - 5
Lack of time 9 4 1 - 5
Complexity of technology 1 4 4 - 4
Cost of equipment and maintenance 5 4 1 - 5
Poor communication from lecture staff 2 3.5 3 - 4
Integration into curriculum 2 3.5 3 - 4
Lack of space 2 3 1 - 5
Lack of documentation (protocols) 1 2 2 - 2
Limited technical knowledge for set-up 
and use

4 2 2 - 3

Lack of technical support 3 2 1 - 5
Lack of storage space 1 1 1 - 1

*Ranking: most important = 5; least important = 1.

Table 3. General challenges experienced during the day-to-day 
operation of a high-technology simulation facility, n=14
Challenges n (%)
Lack of human resources 12 (85.7)
Lack of time 11 (78.6)
Lack of trained staff 10 (71.4)
Lack of financial support 9 (64.3)
Maintenance of technology 9 (64.3)
Additional workload 7 (50.0)
Fear of technology 6 (42.9)
Applicability to curriculum 5 (35.7)
Inadequate space and equipment 5 (35.7)
Insufficient technology 2 (14.3)
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Using simulation for research can be broadly divided into two categories, i.e. 
research about simulation education, and using simulation and simulators 
to perform research on health concepts, interventions and equipment.[33] 
Research can also be conducted to secure additional income for a facility 
through research grants.[34] Many high-technology simulators record data 
while they are used, which could easily be obtained for quantitative analyses 
on various topics and interventions. It is important to make sure that staff 
are trained in research methodology, specifically while using simulation. In 
the participating SA facilities, most of the research conducted was in the 
form of postgraduate studies focusing on simulation education. Research 
outputs are an important component of any tertiary education institution, 
but to achieve this in a busy simulation facility can be challenging. A strategy 
to consider is to combine existing teaching and learning activities into a 
research project.

Challenges
When considering high-technology simulation, operational challenges and 
obstacles might cause staff members to question the use of high technology 
in clinical simulation. These challenges include a lack of time, fear of 
technology, lack of human resources, inadequate space and equipment, lack 
of trained staff (computer literacy), lack of financial support, insufficient 
technology, lack of maintenance of technology, additional workload and 
lack of applicability to the curriculum.[35,36]

Conclusion
Institutional budget  allocation and government education grants are the 
major sources of income for high-technology simulation at the participating 
institutions. With regard to staffing allocation, it was indicated that multiple 
roles are covered by the same staff members (multi-tasking). Some stand-
alone facilities use staff on an ad hoc basis to assist with simulations. Large 
student groups, insufficient time for simulation activities and a lack of trained 
simulation staff are some of the most frequent challenges being faced by 
high-technology simulation facilities in SA. Integration of high-technology 
simulation into a curriculum should follow accepted educational principles 
and should contribute to achieve the relevant educational outcomes. When 
training topics are considered for high-technology simulation, it is important 
to not only focus on the teaching and learning philosophies of such simulation, 
but also on behind-the-scenes and more practical aspects of making sure that 
high-technology simulation is used optimally. Potential research outputs 
should be explored and could even add to generating income for a facility. 

Changes in one aspect could influence other aspects and effective integration 
of the different aspects would enhance high-technology clinical simulation 
in SA. Recommendations and guidelines should be established to ensure 
effective integration of all aspects of high-technology clinical simulation. This 
is essential to alleviate or overcome operational challenges and secure long-
term sustainability of high-technology clinical simulation in SA.
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