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AbsTrACT
Although they receive regular training, the survey we 
administered to our junior physicians and lab technicians 
revealed that they lack familiarity and confidence 
regarding the proper segregation/disposal of clinical 
wastes. In this pilot prospective study, carried out 
between September 2017 and September 2019, we 
developed a virtual reality (VR) simulation and integrated 
it into the steps of Gangen’s training flow. Next, we 
analysed objective performance, recorded by the App in 
the VR system as well as the subjective self- assessments 
of 96 junior physicians and lab technicians after two 
practices of VR games. Before receiving training, lab 
technicians' self- assessed familiarity and confidence 
regarding proper clinical wastes segregation/disposal 
were higher than among physicians. Compared with 
the first VR game, we noted greater improvement in 
accuracy as well as a higher percentage of shortened 
time to complete 10 actions of segregation/disposal 
of VR clinical wastes, among junior physicians/male 
trainees, that of junior lab technicians/female trainees in 
the second VR game. Most of the trainees (81%–88%) 
reported that they found the VR game- based training 
to be useful, in contrast to poster- mass media- based 
training. Our initial positive results indicated the 
possibility of applying this VR game- based simulation 
system to regular institution- wide staff education in 
future.

InTroduCTIon
Improper clinical wastes management (CWM) 
carries a substantial risk to the hospital staff, 
patients, the community and public health as well 
as the risk of transmission of healthcare- associated 
infections. A meta- analysis showed that lack of 
awareness and motivation among healthcare staff is 
the main reason for the high proportion of improper 
CWM- related occupational hazards.1 2 Failure 
to dispose of contaminated needles and syringes 
in the correct way causes serious threats through 
dangerous repackaging and recycling.3 Hence, it is 
important for well- trained staffs to separate them at 
the location of they are used.

However, a systemic review revealed that 
healthcare professionals' familiarity and confi-
dence regarding proper clinical wastes segrega-
tion/disposal are not enough.4–6 Previous trainings 

for clinical wastes segregation/disposal are based 
on poster, power point presentation lecture and 
discussion.7 8 The use of game design in non- game 
contexts has gained popularity by incorporating 
external rewards to encourage learning.9 Through 
ongoing evaluation and recording, games make 
learning outcomes testable and accessible.10 Virtual 
reality (VR) simulation and games make learning 
easy and fun by providing real- time human- system 
interaction. To boost the effectiveness of training 
and evaluation, we developed new VR simulation 
system by integration of elements of games (super-
vise and uncertainty) and VR (immersion and a 
sense of control).11 12

objectives
We judged the effectiveness of this new simulation 
model through both objective and subjective evalu-
ations of the performance of junior trainees' (physi-
cians and lab technicians) in the VR system.

MeThods
settings
We conducted this prospective and pretest/post- test 
study in a 2800- bed 6000- staff medical centre and 
teaching hospital in Taipei, Taiwan from September 
2017 to September 2019.

background for implementing the new simulation 
model
Usually, the familiarity and confidence for proper 
clinical waste segregation/disposal among junior 
physicians is introduced through printed hand-
outs, PowerPoint presentation, posters or videos. 
In 2017, a regular survey randomly selected 45 
post- trained junior physicians (n=26) and lab tech-
nicians (n=19); it demonstrated that they still lack 
familiarity (40% of very familiar, 18/45) ((1=not 
very familiar, 2=average, 3=very familiar) with the 
meanings of the colour coded bins used to collect 
clinical wastes as well as categories of clinical 
wastes) and confidence (49%, 22/45) (have confi-
dence (yes/no) for proper clinical wastes segrega-
tion/disposal). Thus, through the define, design and 
development phases, the education commentate 
spent 2 years developing the VR game- based simu-
lation system and Gagne's flow (online supplemen-
tary figure 1, figure 1A,B and online supplementary 
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Figure 1 (A) Initial login page of the VR simulation system; (B) trainee 
picks up randomly appearing clinical wastes into proper bins and system 
response to each action. Accuracy (%) of VR games of clinical wastes 
segregation/disposal. Δ% of accuracy between first VR game and 
second VR game, relative time to complete the VR game (/mean spent 
time of naive trainee in first VR game). Δ% of relative time to complete 
10 actions from first VR game to second VR game (C) between junior 
physician and lab technicians and (D) between junior male and junior 
female trainees. *P<0.05 versus junior physician group or versus junior 
female trainees; #p<0.05 versus first VR game score. VR, virtual reality.

Table 1 Comparison between groups

Physicians Laboratory technicians

% of distribution of range of age (<20/20–30/30–40 years) 5/37/11 (10/70/20%) 8/31/4 (18/72/10%)

Gender (F/M) 28/25 (53/47%) 9/34 (21/79%)*

% of previously receiving training 6 (11%) 13 (30%)*

% of very familiar with the meaning of colour coding of bins and category of 
clinical wastes

Pre- VR Post- VR Pre- VR Post- VR

8 (16%) 45 (84%)# 12 (28%)* 31 (72%)#

↑425% from pre- VR data ↑157% from pre- VR data

Having confidence (% of yes) on proper clinical wastes segregation/ disposal 
and educate others

Pre- VR Post- VR Pre- VR Post- VR

6 (11%) 47 (89%)† 9 (21%) 34 (79%)†

↑709% from pre- VR data ↑276% from pre- VR data

VR- based training is useful (% of yes) than poster/mass media- based training Post- VR: 43 (81%) Post- VR: 38 (88%)

*P<0.05 versus physicians.
†P<0.05 versus pre- VR data; familiarity (1=not very familiar, 2=average, 3=very familiar).
VR, virtual reality.

table 1). The define phase consisted of forming a participatory 
team and performing a feasibility study to establish the appro-
priateness of employing VR technology. In design phase, we 
selected, sequenced and organised the presentation of the 
learning contents. In the development phase, we established the 
e platform for smart login, developed various components of the 
VR simulation and incorporated App for an objective evaluation 
and immediate feedback as well as assessing the effectiveness of 
one- to- one learning and small group specialists.

Participants
In addition to physicians, lab technicians often work with sharp 
objects and infectious specimens while collecting, preparing and 
analysing samples of blood, tissue and body fluids in hospital. 
So, 53 voluntary junior physicians and 43 junior lab technicians 
were consecutively enrolled.

Vr game-based simulation system
In a VR simulated environment, the trainee recognises 10 
randomly appearing pictures of clinical wastes (either infectious, 
contaminated or hazardous (like discarded sharps, non- sharp, 
blood, body fluids, toxic chemicals, pharmaceuticals, medical 
devices, radioactive substances) wastes), picks it up with control 
and puts it into the right bin in both first and second game 
(figure 1B). We incorporated the App system into the VR system 
to subjectively record the accuracy rate and time for complete 
10 actions of clinical wastes segregation/disposal in the first and 
second VR games (figure 1B and online supplementary table 1) 
as well as to provide feedback to each trainee.

statistical methods
Series of 2- samples student's t tests was used to compare various 
parameters between groups.

resuLTs
Table 1 suggests that the proportion of the range of ages does not 
differ between junior physician and lab technicians. We observed 
a lower share of female trainees among lab technicians. More 
lab technicians had previously received poster/mass media- based 
training for clinical wastes segregation/disposal. Before receiving 
training, lab technicians had greater familiarity and confidence 
regrading proper clinical waste segregation/disposal in contrast 
to physicians. Notably, the postpractice familiarity and confi-
dence were similar between the groups. The percentage (famil-
iarity: 425% versus 157%; confidence: 709% versus 276%) 
of improvement was higher among physicians than lab techni-
cians. In both groups, a high proportion (81%–88%) of trainees 
reported that they found the VR game- based simulation training 
useful in comparison to poster/mass media- based training,

Junior physicians gained more benefits from the training than 
junior lab technicians
Figure 1C shows that accuracy rate in the first VR game among 
lab technicians was higher than that of physicians. The relative 
time to finish 10 actions of VR game (speed) is shorter (faster) 
among physicians than that of lab technicians (figure 1C). The 
accuracy rate and speed were similar between both groups in 
the second VR game. In comparison to the first VR game, in the 
second VR game simulation, we witnessed more improvement 
in accuracy and more shortened times to complete 10 actions 
among junior physicians than among junior lab technicians 
(figure 1C).
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The junior female trainees performed better than the male 
trainees
Notably, the accuracy in first VR game among female trainees 
is higher than that of male trainees (figure 1D). Further, the 
relative time to complete 10 actions of VR game (speed) is 
shorter (faster) among female trainees than that of male trainees 
(figure 1D). In comparison with first game, greater improve-
ment in accuracy (male trainees: 25%; female trainees: 11%) 
and greater percentage of shorten of time to complete 10 actions 
(speed, male trainees: 40%; female trainees: 2%) are noted 
among male trainees than that among female trainees in the 
second VR game simulation (figure 1D). So, the final accuracy 
and speed are similar between female and male groups.

dIsCussIon
The general and hazardous waste types should be properly segre-
gated at their source of generation.11 However, in this systematic 
review, studies mentioned the absence of proper waste segrega-
tion practices that result in high proportion of hazardous clin-
ical wastes than the hazardous waste threshold predicted by the 
WHO.6 12 13 In one study, even the amount of hazardous waste 
was higher than the general waste.14 This could be because that 
during the segregation process, even if a very small amount of 
hazardous waste is added to the general waste category, then the 
entire mass of the general waste can be unnecessarily polluted 
by the hazardous waste. For example, a syringe and needle after 
injection to an infectious patient should be disposed in the infec-
tious waste bin, but instead it will be put in general waste bin and 
it will make infectious the whole non- infectious waste. Then, we 
developed VR game- based simulation training to solve this crit-
ical condition and found that VR game approach makes learning 
interesting and engaging.

In our study, the baseline performances of our female trainees 
are better than males. This might be because females usually play 
major roles in managing household waste in family that make 
them more sophisticated with clinical waste segregation/disposal.

In our study, laboratory technicians are more knowledgeable 
than the physicians in proper clinical waste segregation/disposal 
because laboratory technicians are more involved in taking 
blood samples, handling the blood and body fluid or discarding 
syringes. In our study, the self- reported questionnaires for famil-
iarity, confidence and usefulness are completed immediately 
before and after training and that can be avoided for the recall 
bias.15 In addition to the objective self- assessment, the perfor-
mances of trainees are subjectively assessed by App in the VR 
system.

ConCLusIon
This pilot study suggested that our self- developed VR system 
training system and flow have the potential to widely apply 
among institution- wide multidisciplinary staffs for proper clin-
ical wastes segregation/disposal.

Acknowledgements The authors were grateful to all the staff members and 
volunteer for their active cooperation during the define, design and development 
phases of this VR game- based simulation system for training proper clinical waste 
segregation/disposal.

Contributors SHW, YYY and CCH designed the study. CWL, YYY and LYY managed 
the data collection. CHC, YYY, SHW and SYK were involved in the data analysis. SYK, 
YYY and FYL wrote the draft and final version of draft. All authors reviewed the 
manuscript, added appropriate revisions, agreed to submission for publication and 
approved the final version. The corresponding authors attest that all listed authors 
meet the authorship criteria and that no others meeting the criteria have been 
omitted.

Funding This work was supported by the government Ministry of Health and 
Welfare and Taiwan Association of Medical Education (TAME), grants 107 F- M01-
0603, 107QC018-2, V107EA-008 and V108EA-006.V109EA-008,V109C-024

Competing interests None declared.

ethics approval Ethical approval (IRB No. 2018-07- 030AC) was granted by the 
ethics committee of the Taipei Veteran General Hospital and care was taken to apply 
the World Medical Association Declaration of Helsinki principles to the research. Oral 
informed consent was obtained from subjects.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information. All data relevant to the study are 
included in the article.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

orCId id
Ying- Ying Yang http:// orcid. org/ 0000- 0002- 7719- 0397

RefeRenceS
 1 Yazie TD, Tebeje MG, Chufa KA. Healthcare waste management current status 

and potential challenges in Ethiopia: a systematic review. BMC Res Notes 
2019;12:285–91.

 2 Vaccari M, Tudor T, Perteghella A. Costs associated with the management of waste 
from healthcare facilities: an analysis at national and site level. Waste Manag Res 
2018;36:39–47.

 3 Maina JW. Knowledge, attitude and practice of staff on segregation of hospital waste: 
a case study of a tertiary private hospital in Kenya. Eur Sci J 2018;14:401–7.

 4 Ananth AP, Prashanthini V, Visvanathan C. Healthcare waste management in Asia. 
Waste Manag 2010;30:54–61.

 5 Joshi SC, Diwan V, Tamhankar AJ, et al. Staff perception on biomedical or health care 
waste management: a qualitative study in a rural tertiary care hospital in India. PLoS 
One 2015;10:e0128383.

 6 Abebe S, Raju RP, Berhanu G. Health care solid waste generation and its management 
in Hawassa referral hospital of Hawassa University, southern, Ethiopia. Int J Innov Res 
Dev 2017;6:126–32.

 7 Ozder A, Teker B, Eker HH, et al. Medical waste management training for healthcare 
managers - a necessity? J Environ Health Sci Eng 2013;11:20–7.

 8 Merandi R, Williams A. Effectiveness of ’Training Programme’ on knowledge and 
practices of biomedical waste management among health care workers. Galore Intern 
J Health Sci Res 2017;2:45–52.

 9 McCoy L, Lewis JH, Dalton D. Gamification and multimedia for medical education: a 
landscape review. J Am Osteopath Assoc 2016;116:22–34.

 10 Wang R, DeMaria S, Goldberg A, et al. A systematic review of serious games in 
training health care professionals. Simul Healthc 2016;11:41–51.

 11 Gül LF, Gu N, Williams A. Virtual worlds as a constructivist learning platform: 
evaluations of 3D virtual worlds on design teaching and learning. J Infor Technol 
Construct 2008;13:578–93.

 12 Chen CJ. Theoretical bases for using virtual reality in education themes. Sci Techon 
Educ 2009;2:71–90.

 13 Chartier Y, Emmanuel J, Pieper U, et al. Safe management of wastes from health- care 
activities. Geneva, Switzerland: World Health Organization, 2014.

 14 Hayleeyesus SF, Cherinete W. Healthcare waste generation and management in public 
healthcare facilities in Adama, Ethiopia. J Health Pollut 2016;6:64–73.

 15 Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment 
methods. J Multidiscip Healthc 2016;9:211–7.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7719-0397
http://dx.doi.org/10.1186/s13104-019-4316-y
http://dx.doi.org/10.1177/0734242X17739968
http://dx.doi.org/10.19044/esj.2018.v14n9p401
http://dx.doi.org/10.1371/journal.pone.0128383
http://dx.doi.org/10.1371/journal.pone.0128383
http://dx.doi.org/10.24940/ijird/2017/v6/i5/MAY17079
http://dx.doi.org/10.24940/ijird/2017/v6/i5/MAY17079
http://dx.doi.org/10.1186/2052-336X-11-20
http://dx.doi.org/10.7556/jaoa.2016.003
http://dx.doi.org/10.1097/SIH.0000000000000118
http://dx.doi.org/10.5696/2156-9614-6-10.64
http://dx.doi.org/10.2147/JMDH.S104807

	Virtual reality simulation increases Chinese physicians’ and lab technicians’ familiarity and confidence regarding proper clinical wastes segregation/disposal: a 2-year pilot study
	Abstract
	Introduction
	Objectives

	Methods
	Settings
	Background for implementing the new simulation model
	Participants
	VR game-based simulation system
	Statistical methods

	Results
	Junior physicians gained more benefits from the training than junior lab technicians
	The junior female trainees performed better than the male trainees

	Discussion
	Conclusion
	References


