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ABSTRACT

OBJECTIVES: Simulation is an effective teaching method that improves learner competence and confidence. Optimizing group size balances
efficiency without sacrificing efficacy. While simulation technology is widely used in medical education, no standard for learner group size exists.
This study investigates the optimal group size for simulation, aiming to identify best practices that maximize efficiency and efficacy in learning
environments.

METHODS: This systematic review adheres to Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. A team of emer-
gency medicine educators screened citations and reviewed relevant full-text articles. Inclusion criteria focused on group sizes with the best out-
comes. Quality assessment employed the Medical Education Research Study Quality Instrument approach to evaluate evidence.

RESULTS: Thirty-four articles were identified; 17 were deemed relevant for full-text review. The studies varied in methods, including prospective
and retrospective reviews, mixed methods, and randomized controlled trials. Smaller groups improved outcomes, with an ideal size dependent on
learning objectives. Five studies suggested groups of up to 4 learners were optimal, with mixed results on the exact number. One study identified
6 as the ideal group size. Debriefing was effective in larger groups, while procedural skills were best taught in groups of 2 to 4 learners.

CONCLUSION: This review suggests smaller group sizes are more effective for efficiency, knowledge, and confidence. For procedural skills,
groups of 2 to 4 are most effective, and effectiveness declines with more than 6 participants. Smaller groups allow for more hands-on learning
and cognitive engagement. While clinical skills can be taught in larger groups, learners favor smaller groups for debriefing and complex scen-
arios. Effective curriculum planning should account for available resources, the type of simulation, and the material being taught, with group sizes
adjusted to optimize learning outcomes.
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Introduction
Simulation is defined as an array of structured activities that

represent actual or potential situations in education and prac-

tice. These activities allow participants to develop or enhance

their knowledge, skills, and attitudes, or to analyze and

respond to realistic situations in a simulated and safe environ-

ment. Resources required for a simulation include instructors

and manikins, task trainers, standardized patients, or a combin-

ation of these. Manikins can be classified as “high-fidelity” or

“low-fidelity,” depending on the extent to which they simulate

a live patient or scenario. Simulation technology has become a

popular method for training in medical education at both the

undergraduate and graduate levels. It allows learners to practice

both skill-based competencies and clinical scenarios in a realis-

tic, safe, and controlled environment.1–4 Not only do learners

find simulation enjoyable, but studies have shown simulation

to be a valuable and effective teaching method, demonstrating

improvements in learner competence and confidence.5–11

Many studies have shown it to be superior to traditional

training methods such as didactics or test-based methods.5,12–

14 The ethical imperative to “first do no harm” also supports

high-fidelity simulation as a way for learners to gain practice

prior to performing in real-life clinical situations.2,15–18

Although simulation offers numerous benefits, it also pre-

sents limitations, notably financial constraints, spatial require-

ments, and time restrictions affecting both faculty and

learners.19,20 Limitations often relate to cost; however, cost

analysis of simulation practices can be difficult to measure.

While up-front costs of the simulation center and the costs of

designing the simulation scenario and attaining the necessary

equipment are fixed, the downstream effects can be measured

at any number of time points. Benefits can be measured as a

rubric-defined evaluation of technical skill, or as behavioral

changes that lead to improved patient outcomes.19–22 An

ideal environment for simulation learning should be sought to

balance these difficult-to-measure costs and benefits.

Simulation can be performed individually or in groups.

Traditional thinking has suggested that smaller group size
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and lower instructor-to-learner ratios are optimal. However,

some studies have shown benefits of larger group size, particu-

larly with skills-based training in dyads, compared to indivi-

duals.23,24 Additionally, the ability to lead simulation in larger

groups can theoretically increase efficiency while minimizing

the costs of simulation.

Despite the widespread use of simulation technology and its

popularity as a method for training in medical education, there

are no standard practice guidelines describing optimal group

sizes for simulation. Further, ideal group size can vary depend-

ing on the type of simulation, as procedural simulations (eg,

technical skills like intubation or central line placement) and

clinical simulations (eg, teamwork in code situations or

patient communication scenarios) have different educational

objectives, learner dynamics, and resource demands.

Optimizing group size involves balancing the efficiency of

educational delivery with the efficacy of skill development,

ensuring that learners receive the intended educational benefit

without overburdening resources or compromising individual

participation. Educators must carefully consider these factors

to design an effective and impactful curriculum. We aim to

conduct a systematic review to identify best practices regarding

group size in medical education simulation, examining how dif-

ferent types of simulation influence what constitutes an optimal

group size and to provide evidence-based recommendations.

Methods
This is a systematic review addressing the ideal group size for

learners in medical-based simulation. The review was con-

ducted in adherence to the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA) guide-

lines.25 It was performed in accordance with best practice

guidelines. Being a systematic review, it was not necessary to

obtain institutional ethics approval.

Study selection

We conducted a comprehensive search of MEDLINE,

Embase, Cochrane, PubMed, Web of Science, MedEd

Portal, and Google Scholar databases for articles published

from inception until September 28, 2022 to identify articles dis-

cussing simulation and group size within medical education.

Studies that investigated group size for simulation-based educa-

tion were included in the final analysis. This included research

that directly evaluated how group size influenced educational

outcomes, learner engagement, performance, or skill acquisition

in simulation settings. Additionally, all references from relevant

articles were reviewed to identify any potential missed studies.

Inclusion and exclusion criteria

Each article identified was screened by 2 researchers and

included for final review if it described best outcomes for lear-

ners with regards to group size in simulation. For studies that

met this criterion, the group of investigators collected add-

itional details including type of simulation (procedural or clin-

ical), study design, population, group sizes and outcomes. No

study design restrictions were imposed. Exclusion criteria con-

sisted of articles not in English, nonhuman studies,

nonmedical-related studies, and abstracts without manuscripts.

Abstracts, opinion pieces or editorials, and literature reviews

were excluded from the review.

Data extraction and analysis

Papers that met the inclusion criteria were analyzed by 2

reviewers independently and then data was extracted onto a

standardized form. The following information was abstracted

and examined: study’s first author, title, year published, type
of trial, country where the study took place, whether single

versus multicenter, training level of study participants, take-

away, group sizes, whether clinical or procedural skill, and

usage of manikins, task trainers, virtual reality (VR) trainers,

or human actors. While there is no definition of “small” or

“large,” for the purpose of this study we are considering

groups of 2 to 6 as a smaller group size.

The analysis primarily relied on a narrative approach due to

the limited number of relevant studies found. Conducting a

meta-analysis was not feasible due to insufficient data availabil-

ity as well as the heterogeneity of study designs and data.

Quality assessment

Two independent reviewers independently assessed the risk of

bias in the included studies using the Medical Education

Research Study Quality Instrument (MERSQI), an instrument

with 10 items (18 maximum points) that enables the evaluation

of the methodological rigor of articles, which has previously

been demonstrated to have good interrater reliability.26,27

MERSQI items reflect 6 domains: study design, sampling,

type of data, validity of evaluation instrument, data analysis,

and outcomes. MERSQI adopts the Kirkpatrick 4-level

model to approach the effectiveness construct. All disagree-

ments were resolved by discussion and consensus.

Results
Search results

A total of 281 records were retrieved. After removing duplicate

studies and those that did not meet inclusion criteria, 34 studies

were assessed for eligibility and underwent initial title and

abstract screening. Of these studies, 17 were determined to

be relevant in describing simulation and group size; these

underwent full-text screening and standardized data extraction

(see Figure 1).
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Study characteristics and quality

Characteristics of included studies are summarized in Table 1.

Studies were published between 2002 and 2022 and conducted

in the United States, Australia, Switzerland, Denmark,

Germany, Canada, and South Korea. All were single institution

studies; 11 were conducted in undergraduate medical education,

2 in graduate medical education, 1 in nursing education, 2 in

interprofessional groups, and 1 in interprofessional instructors.

Ten of the studies utilized manikin-based (2 specifically used

ultrasound manikin trainers), 3 utilized task trainers, 2 utilized

VR trainers, and 2 utilized human actors. Ten studies were clas-

sified as procedural skills, 6 were classified as clinical skills, and 1

study did not fit into either category but rather assessed the tea-

chers’ ability to recognize students’ procedural errors.
Among the studies there were 12 randomized controlled trials,

1 prospective review study, 1 retrospective review study, and 3

Figure 1. PRISMA flow diagram.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

Mackey et al 3



Table 1. Characteristics of included studies.

FIRST

AUTHOR

TITLE TRIAL TYPE COUNTRY BRIEF DESIGN SIMULATION

TYPE

MODALITY OUTCOMES

Nabecker Effective group size
for teaching CPR

Randomized
control trial

Switzerland Assessed
instructors’
ability to correct
errors based on
group size

Teaching
skills

Manikin Increasing group size
worsened instructors’
ability to correct
performance errors

Rezmer Impact of group size
on the effectiveness
of a resuscitation
simulation curriculum
for medical students

Randomized
control trial

USA Posttraining
learner survey

Clinical skills Manikin Varying group size
had no effect on
student’s experience
or exam performance

Lim Team size impact on
assessment of
teamwork in
simulation-based
trauma team training

Nonrandomized
2 groups

USA Teamwork
scores were
recorded by
participants and
nonparticipants

Clinical skills Manikin Larger teams perform
less well than smaller
teams

Hensel* The effects of group
size on outcomes in
high-risk, maternal–
newborn simulations

Nonrandomized
2 groups

USA Posttraining
learner survey

Clinical skills Manikin Good outcomes
noted in all size
groups studied

Noerholk Does group size
matter during
collaborative skills
learning? A
randomized study

Randomized
control trial

Denmark Pre, post, and
transfer
(retention) test

Procedural
skills

Manikin Group size upto 4 did
not impair skills
transfer

Mahling Basic life support is
effectively taught in
groups of 3, 5, and 8
medical students: a
prospective,
randomized study

Randomized
control trial

Germany Pre and posttest Procedural
skills

Manikin Scores and pass
rates were
comparable in size
group studied
although smaller
groups had
advantages in
teaching
interventions and
hands-on time

Brim Long-term
educational impact of
a simulator curriculum
on medical student
education in an
internal medicine
clerkship

Single group
cross-sectional
or observational

USA Pre and
postsimulation
curricular study
survey

Clinical skills Manikin Smaller group size
improves simulation
experience

Owen Improving learning of
a clinical skill: the first
year’s experience of
teaching
endotracheal
intubation in a clinical
simulation facility

Nonrandomized
2 groups

Australia Descriptive
poststudent
evaluation,
posttraining
assessment

Procedural
skills

Manikin Groups of 2 were the
most effective, groups
of 3 to 5 found too
much time between
receiving feedback
and reattempting the
procedure

Glatts Student perspectives
of interprofessional
group debriefing: use
of the national league
for nursing guide for
teaching thinking

Single group
cross-sectional
or observational

Canada Posttraining
learner survey

Clinical skills Standardized
patients

Group size matters
for debriefing groups,
smaller groups
preferred

Borges Optimizing
multidisciplinary
simulation in medical
school for larger
groups: role
assignment by lottery
and guided learning

Nonrandomized
2 groups

USA Posttraining
learner survey

Clinical skills Manikin Successful
educational
outcomes with larger
groups, upto 19
students

Cho The effect of
peer-group size on

Randomized
controlled trial

South
Korea

Posttest Procedural
skills

Manikin Group size less than
6 did not affect test

(continued)
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mixed methods or qualitative descriptive design studies. Many of

the studies utilized pre- and postsurveys to answer questions in

their studies. The meanMERSQI for included studies was 12.03.

Synthesis

A summary of each study’s main findings can be found in

Table 1. Ten studies focused on procedural skills using a

manikin, VR trainer, or task trainer.23,24,28–35 Dubrowski

et al compared 3 different group sizes of students participating

in a suturing course using a randomized instructor-to-student

ratio (1:2, 1:4, or 1:12) and found that outcomes with a ratio

of 1:4 was better than 1:12; decreasing the ratio to 1:2 did

not improve outcomes.33 Noerhalk et al studied individuals,

dyads, triads, and tetrads during an obstetric ultrasound train-

ing and found no difference between 1 and 4 learners per

group.31 Owen et al studied group sizes between 1 and 5 stu-

dents for endotracheal intubation and found that dyads were

Table 1. Continued.

FIRST

AUTHOR

TITLE TRIAL TYPE COUNTRY BRIEF DESIGN SIMULATION

TYPE

MODALITY OUTCOMES

the delivery of
feedback in basic life
support refresher
training: a cluster
randomized
controlled trial

score however
allowed more
participation during
peer feedback

Dubrowski Randomised,
controlled study
investigating the
optimal instructor:
student ratios for
teaching suturing
skills.

Randomized
control trial

Canada Pre, post, and
transfer
(retention) test

Procedural
skills

Task trainers The optimal instructor
to student ratio was
1:4, higher ratios or
lower ratios resulted
in less learning

Shanks Use of
simulator-based
medical procedural
curriculum: the
learner’s perspective

Single group
cross-sectional
or observational

Canada Posttest and
postsurvey

Procedural
skills

Task trainer Instructor to learning
ratio 1:3 to 4 is ideal

Shanks Are 2 heads better
than 1? Comparing
dyad and self-
regulated learning in
simulation training

Randomized
controlled trial

Canada Pre, post, and
transfer
(retention) test

Procedural
skills

Task trainer Learning in pairs as
effective as
independent
self-regulated
learning

Tolsgaard The effect of dyad
versus individual
simulation-based
ultrasound training on
skills transfer

Randomized
controlled trial

Denmark Pre, post, and
transfer
(retention) test

Procedural
skills

Manikin Pair practice
improves efficiency of
simulation-based
training and
noninferior to
individual practice

Rader A study of the effect of
dyad practice versus
that of individual
practice on
simulation-based
complex skills
learning and of
students’ perceptions
of how and why dyad
practice contributes to
learning

Randomized
controlled trial

Denmark Transfer
(retention) and
postsurvey

Procedural
skills

VR simulator Pair learner practice
is more efficient, may
not apply to clinical
training

Bjerrum Dyad practice is
efficient practice: a
randomized
bronchoscopy
simulation study

Randomized
controlled trial

Denmark Pre, post, and
transfer
(retention) test

Procedural
skills

VR simulator Pair learner practice
equally effective as
individual practice
however more
efficient for resource
utilization

VR, virtual reality.
*Dissertation.
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most effective, postulating 1:1 training did not allow for recov-

ery and having 3 or more students led to loss of feedback

between attempts.32 Mahling et al studied groups of 3, 5, and

8 in Basic Life Support (BLS) training, reporting similar test

scores among the differing group sizes, however, it was found

that smaller groups had better engagement, while larger

groups asked fewer questions and had less hands-on training.29

Similarly, Cho et al compared groups of 3 to 5 students to

groups of 7 to 10 students for BLS training and noted that

although test scores were similar, students preferred smaller

groups.28 Shanks et al studied group sizes of 2 to 8 learners

for various procedures; learners preferred instructor ratios of

1:3 or 1:4.30

Four studies compared individual learners to dyads: Shanks

et al studied medical residents participating in lumbar puncture

training, Tolsgaard et al studied medical students participating

in gynecologic ultrasound training, Räder et al studied medical

students learning coronary angiography skills, and Bjerrum

et al studied medical students learning bronchoscopy.23,24,34,35

Each study found that individuals versus dyads did not differ

in terms of effectiveness, and thus found dyads were more

efficient.23,24,34,35

The 6 studies that were focused on clinical teaching and

learning had mixed results regarding group size.28–30,36–40 Lim

et al compared small groups of 5 to 7 and large groups of 8 to

9 learners and reported increased effectiveness in small

groups.37 Brim et al noted that faculty agreed group sizes of 3

to 4 were better but did not directly compare to larger group

sizes.38 Glatts et al focused on debriefing and reported group

sizes of 16 to 25 were too large.40 Borges et al had group sizes

of 8 to 19 where groups of 12 or higher rated worse than

smaller groups.39 Rezmer et al had groups of 2 to 4 and found

no significant differences in performance on the postsimulation

exam as a function of group size.41 Hensel et al found equivalent

outcomes with student perception (satisfaction and self-

confidence) with groups ranging from 5 to 10 learners.42

Nabecker et al differed in study design in that it specifically

evaluated the instructor’s ability to teach BLS to various group

sizes ranging from 3 to 10.36 In this study, student actors inten-

tionally made errors; instructors’ ability to recognize and correct

errors decreased as group sizes included greater than 6 learners.36

Discussion
The use of simulation in medical education has become increas-

ingly popular to teach both procedural and nonprocedural skills.

Despite its widespread use, there are no guidelines regarding

ideal group size to learn and practice these various skills in

medical education simulation. Effectiveness in simulation edu-

cation requires well-trained instructors and sufficient resources,

both of which require financial support. Although smaller

groups may enhance learning outcomes, practical factors, such

as scheduling and time availability, may influence group sizes;

larger groups may be needed when sessions are costly, time

restricted, or when there is a lack of instructor availability.

This study examines optimal group size for various medical

education simulations, aiming to improve the understanding

and implementation of simulation-based learning strategies in

medical training.

Despite a somewhat limited number of robust studies, direct

comparisons of group sizes have been explored which generally

agree that smaller group sizes are ideal.37 The results of this

review highlight the advantages of smaller group sizes during

simulation-based learning for procedural skills, where groups

of 2 to 6 learners are most effective and offer greater

hands-on opportunities.32,33,40

For procedural skill training, many studies identified a 1:4

instructor-to-student ratio as ideal for effective learning,

notably with no significant differences in knowledge assess-

ment between group sizes of 2 to 4 learners, while other

studies showed that groups of up to 6 learners were effect-

ive.29,31,33,41 For procedural tasks, as group size increased,

there was a shift from active to more passive learning as

smaller group sizes allow for more hands-on training time

per individual.29,32 Students’ confidence and knowledge sig-

nificantly increased with smaller group sizes compared to

larger groups. These studies highlighted the advantages of

smaller groups, including more effective teaching interven-

tions and increased hands-on time.29,41 Thus, learners

achieve better outcomes with group sizes of between 2 and 4

for procedural skills, while larger groups reduced the active

learning opportunities.

Several studies compared individuals to dyads, including

studies using VR trainers, task trainers, and ultrasound mani-

kins. Each of these simulation modalities found that dyads

are as effective as independent learning.24 Because the use of

dyads improves both efficiency and cost-effectiveness without

negatively impacting education, dyad groups are preferred

over individuals.

Notably, the study assessing teacher effectiveness and

instructors’ ability to identify errors during simulations found

that larger group sizes hindered error correction. This under-

scores the importance of selecting optimal group sizes in

simulation-based learning to ensure effective feedback and per-

formance improvement.36

Knowledge acquisition appears less affected by larger group

sizes for simulations focusing on clinical skills. This may be

because nonprocedural group activities in simulation require a

higher cognitive level of thinking and more discussion, so the

learner can effectively learn the material with less hands-on

training.31,42 However, smaller groups were often preferred by

students for reasons including fostering more active participa-

tion, having more individual instructor attention, and having

fewer distractions.29,31,40 Additionally, students preferred

smaller group sizes during debriefing and in more complex

simulation scenarios, supporting the idea that such settings

benefit from smaller groups.
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This systematic review indicates that smaller group sizes

offer advantages over larger groups, particularly in simulations

focused on teaching procedural skills compared to those

focused on clinical skills. For procedural skills, group sizes

can range from 2 to 6, with decreasing effectiveness in groups

larger than 6. It is important to note, though, that when simu-

lating procedural skills, hands-on learning is required and

smaller groups of 2 to 4 may have increased benefits.

Although clinical skills can be effectively taught in large

groups, learners preferred smaller groups for debriefing sessions

and complex scenarios. When planning simulations, it is essen-

tial to consider available resources, the type of simulation (pro-

cedural vs. clinical skills), and the material being taught. Group

sizes should be adjusted accordingly as part of effective curric-

ulum planning.

Limitations
The studies included measured various learning outcomes, so

direct comparison of learning outcomes between multiple

studies and direct comparison of group size was limited.

Results also differed depending on the type of simulation,

whether procedural or nonprocedural. Lastly, publication and

selection biases can influence any systematic review. To minim-

ize publication bias, an extensive search strategy was implemen-

ted, drawing from multiple primary literature databases without

restrictions. Additionally, all the included studies took place in

countries that are classified as high-income countries, which

likely reflect the resources and educational structures available

in these settings, where simulation technology and training

resources are more accessible. Funding for advanced simulation

tools and smaller learner-to-instructor ratios may not be as feas-

ible in lower-income settings. This can limit the generalizability

of the study’s recommendations to countries with fewer

resources.

Conclusion
This systematic review highlights the benefits of smaller group

sizes in simulations, particularly for teaching procedural skills,

where groups of 2 to 4 are most effective, and effectiveness

declines with more than 6 participants. While clinical skills

can be taught in larger groups, learners favor smaller groups

for debriefing and complex scenarios. Effective curriculum

planning should account for available resources, the type of

simulation, and the material being taught, with group sizes

adjusted to optimize learning outcomes.

Authors contributions
Study design: JLC, CNM, SJ, and JEF; data collection and

analysis: JLC, CNM, SJ, JEF, and TR; manuscript preparation:

JLC, CNM, SJ, JEF, and TR.

ORCID iDs
Cassandra Mackey https://orcid.org/0000-0002-1988-1173

Simi Jandu https://orcid.org/0000-0001-5169-2332

James Fidrocki https://orcid.org/0009-0009-2458-3523

Tyler Raduzycki https://orcid.org/0000-0003-4054-5075

Jennifer Carey https://orcid.org/0000-0002-0758-565X

REFERENCES
1. Gaba DM. The future vision of simulation in health care. Qual Saf Health Care.

2004;13(Suppl 1):2. http://dx.doi.org/10.1136/qshc.2004.009878

2. Kunkler K. The role of medical simulation: an overview. The International Journal of

Medical Robotics + Computer Assisted Surgery. 2006;2(3):203-210.

3. Nestel D, Bearman M. Simulated Patient Methodology: Theory, Evidence and Practice.

John Wiley & Sons; 2014.

4. Rudolph JW, Simon R, Raemer DB. Which reality matters? Questions on the path

to high engagement in healthcare simulation. Simul Healthc. 2007;2(3):161-163.

https://doi.org/10.1097/SIH.0b013e31813d1035

5. Morgan PJ, Cleave-Hogg D,McIlroy J, Devitt JH, Gaba DM. A comparison of experi-

ential and visual learning for undergraduate medical students. Editorial. Anesthesiology

(Philadelphia). 2002;96(1):1-2. doi: 10.1097/00000542-200201000-00008

6. Nestel D, Groom J, Eikeland-Husebø S, O’Donnell JM. Simulation for learning

and teaching procedural skills: the state of the science. Simulation in Healthcare:

Journal of the Society for Medical Simulation. 2011;6(Suppl 7):S10-S13. https://

www.ncbi.nlm.nih.gov/pubmed/21817857. doi: 10.1097/SIH.0b013e318227ce96

7. Tawfik MMR, Fayed AA, Dawood AF, Al Mussaed E, Ibrahim GH.

Simulation-based learning versus didactic lecture in teaching bronchial asthma for

undergraduate medical students: a step toward improvement of clinical competen-

cies. Med Sci Educ. 2020;30(3):1061-1068. https://link.springer.com/article/10.

1007/s40670-020-01014-y. doi: 10.1007/s40670-020-01014-y

8. Yu JH, Chang HJ, Kim SS, et al. Effects of high-fidelity simulation education on

medical students’ anxiety and confidence. PloS One. 2021;16(5):e0251078 https://

www.ncbi.nlm.nih.gov/pubmed/33983983. doi: 10.1371/journal.pone.0251078

9. Mitchell M, Newall F, Sokol J, Heywood M, Williams K. Simulation-based educa-

tion to promote confidence in managing clinical aggression at a paediatric hospital.

Advances in Simulation. 2020;5(1):21. https://www.ncbi.nlm.nih.gov/pubmed/

32817808. doi: 10.1186/s41077-020-00139-9

10. Grantcharov TP, Kristiansen VB, Bendix J, Bardram L, Rosenberg J, Funch-Jensen

P. Randomized clinical trial of virtual reality simulation for laparoscopic skills train-

ing. Br J Surg. 2004;91(2):146-150. https://api.istex.fr/ark:/67375/WNG-

H3631QXF-2/fulltext.pdf. doi: 10.1002/bjs.4407

11. Blackmore C, Austin J, Lopushinsky SR, Donnon T. Effects of postgraduate

medical education “boot camps” on clinical skills, knowledge, and confidence: a

meta-analysis. J Grad Med Educ. 2014;6(4):643-652. https://www.ncbi.nlm.nih.

gov/pubmed/26140112. doi: 10.4300/jgme-d-13-00373.1

12. Wayne DB, Didwania A, Feinglass J, Fudala MJ, Barsuk JH, McGaghie WC.

Simulation-based education improves quality of care during cardiac arrest team

responses at an academic teaching hospital: a case-control study. Chest.

2008;133(1):56-61. https://www.ncbi.nlm.nih.gov/pubmed/17573509. doi: 10.

1378/chest.07-0131

13. Schroedl CJ, Corbridge TC, Cohen ER, et al. Use of simulation-based education to

improve resident learning and patient care in the medical intensive care unit: a ran-

domized trial. J Crit Care. 2012;27(2):219.e7-219.e13. https://www.clinicalkey.es/

playcontent/1-s2.0-S0883944111003820. doi: 10.1016/j.jcrc.2011.08.006

14. Raleigh MF, Wilson GA, Moss DA, et al. Same content, different methods: com-

paring lecture, engaged classroom, and simulation. Fam Med. 2018;50(2):100-105.

https://www.ncbi.nlm.nih.gov/pubmed/29432624. doi: 10.22454/FamMed.2018.

222922

15. Ziv A, Wolpe PR, Small SD, Glick S. Simulation-based medical education: an

ethical imperative. Simul Healthc. 2006;1(4):252-256. https://www.ncbi.nlm.nih.

gov/pubmed/19088599. doi: 10.1097/01.SIH.0000242724.08501.63

16. Sedlack RE, Kolars JC, Alexander JA. Computer simulation training enhances

patient comfort during endoscopy. Clin Gastroenterol Hepatol. 2004;2(4):348-352.

https://dx.doi.org/10.1016/S1542-3565(04)00067-9

17. Donaldson MS, Corrigan JM, Kohn LT. To Err is Human: Building a Safer Health

System. National Academies Press (US); 2000, https://www.nap.edu/9728. 10.

17226/9728.

18. Jha AK, Duncan BW, Bates DW. Simulator-based training and patient safety. In:

Making Health Care Safer: A Critical Analysis of Patient Safety Practices. Vol 45.

Rockville, MD: Agency for Healthcare Research and Quality U.S. Department of

Health and Human Services; 2001:511–519.
19. Zendejas B, Wang AT, Brydges R, Hamstra SJ, Cook DA. Cost: the missing

outcome in simulation-based medical education research: a systematic review.

Mackey et al 7

https://orcid.org/0000-0002-1988-1173
https://orcid.org/0000-0002-1988-1173
https://orcid.org/0000-0001-5169-2332
https://orcid.org/0000-0001-5169-2332
https://orcid.org/0009-0009-2458-3523
https://orcid.org/0009-0009-2458-3523
https://orcid.org/0000-0003-4054-5075
https://orcid.org/0000-0003-4054-5075
https://orcid.org/0000-0002-0758-565X
https://orcid.org/0000-0002-0758-565X
http://dx.doi.org/10.1136/qshc.2004.009878
http://dx.doi.org/10.1136/qshc.2004.009878
https://doi.org/10.1097/SIH.0b013e31813d1035
https://doi.org/10.1097/SIH.0b013e31813d1035
http://dx.doi.org/10.1097/00000542-200201000-00008
http://dx.doi.org/10.1097/00000542-200201000-00008
http://dx.doi.org/10.1097/00000542-200201000-00008
https://www.ncbi.nlm.nih.gov/pubmed/21817857
https://www.ncbi.nlm.nih.gov/pubmed/21817857
https://www.ncbi.nlm.nih.gov/pubmed/21817857
http://dx.doi.org/10.1097/SIH.0b013e318227ce96
https://link.springer.com/article/10.1007/s40670-020-01014-y
https://link.springer.com/article/10.1007/s40670-020-01014-y
https://link.springer.com/article/10.1007/s40670-020-01014-y
http://dx.doi.org/10.1007/s40670-020-01014-y
http://dx.doi.org/10.1007/s40670-020-01014-y
http://dx.doi.org/10.1007/s40670-020-01014-y
http://dx.doi.org/10.1007/s40670-020-01014-y
https://www.ncbi.nlm.nih.gov/pubmed/3398398310.1371/journal.pone.0251078
https://www.ncbi.nlm.nih.gov/pubmed/3398398310.1371/journal.pone.0251078
https://www.ncbi.nlm.nih.gov/pubmed/3398398310.1371/journal.pone.0251078
https://www.ncbi.nlm.nih.gov/pubmed/3398398310.1371/journal.pone.0251078
https://www.ncbi.nlm.nih.gov/pubmed/32817808
https://www.ncbi.nlm.nih.gov/pubmed/32817808
https://www.ncbi.nlm.nih.gov/pubmed/32817808
http://dx.doi.org/10.1186/s41077-020-00139-9
http://dx.doi.org/10.1186/s41077-020-00139-9
http://dx.doi.org/10.1186/s41077-020-00139-9
http://dx.doi.org/10.1186/s41077-020-00139-9
https://api.istex.fr/ark:/67375/WNG-H3631QXF-2/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-H3631QXF-2/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-H3631QXF-2/fulltext.pdf
http://dx.doi.org/10.1002/bjs.4407
https://www.ncbi.nlm.nih.gov/pubmed/26140112
https://www.ncbi.nlm.nih.gov/pubmed/26140112
https://www.ncbi.nlm.nih.gov/pubmed/26140112
http://dx.doi.org/10.4300/jgme-d-13-00373.1
http://dx.doi.org/10.4300/jgme-d-13-00373.1
http://dx.doi.org/10.4300/jgme-d-13-00373.1
http://dx.doi.org/10.4300/jgme-d-13-00373.1
https://www.ncbi.nlm.nih.gov/pubmed/17573509
https://www.ncbi.nlm.nih.gov/pubmed/17573509
http://dx.doi.org/10.1378/chest.07-0131
http://dx.doi.org/10.1378/chest.07-0131
http://dx.doi.org/10.1378/chest.07-0131
https://www.clinicalkey.es/playcontent/1-s2.0-S0883944111003820
https://www.clinicalkey.es/playcontent/1-s2.0-S0883944111003820
https://www.clinicalkey.es/playcontent/1-s2.0-S0883944111003820
http://dx.doi.org/10.1016/j.jcrc.2011.08.006
https://www.ncbi.nlm.nih.gov/pubmed/29432624
https://www.ncbi.nlm.nih.gov/pubmed/29432624
http://dx.doi.org/10.22454/FamMed.2018.222922
http://dx.doi.org/10.22454/FamMed.2018.222922
https://www.ncbi.nlm.nih.gov/pubmed/19088599
https://www.ncbi.nlm.nih.gov/pubmed/19088599
https://www.ncbi.nlm.nih.gov/pubmed/19088599
http://dx.doi.org/10.1097/01.SIH.0000242724.08501.63
https://dx.doi.org/10.1016/S1542-3565(04)00067-9
https://dx.doi.org/10.1016/S1542-3565(04)00067-9
https://www.nap.edu/9728
https://www.nap.edu/9728
http://dx.doi.org/10.17226/9728
http://dx.doi.org/10.17226/9728


Surgery. 2013;153(2):160-176. https://www.clinicalkey.es/playcontent/1-s2.0-

S0039606012003182. doi: 10.1016/j.surg.2012.06.025

20. Petscavage JM, Wang CL, Schopp JG, Paladin AM, Richardson ML, Bush WH.

Cost analysis and feasibility of high-fidelity simulation based radiology contrast reac-

tion curriculum. Acad Radiol. 2011;18(1):107-112. https://www.clinicalkey.es/

playcontent/1-s2.0-S1076633210004617. doi: 10.1016/j.acra.2010.08.014

21. Maloney S, Haines T. Issues of cost-benefit and cost-effectiveness for simulation in

health professions education. Advances in Simulation. 2016;1(1):13. https://www.

ncbi.nlm.nih.gov/pubmed/29449982. doi: 10.1186/s41077-016-0020-3

22. Fletcher JD, Wind AP. Cost considerations in using simulations for medical train-

ing. Mil Med. 2013;178(Suppl 10):37-46. https://www.ncbi.nlm.nih.gov/pubmed/

24084304. doi: 10.7205/MILMED-D-13-00258

23. Tolsgaard MG, Madsen ME, Ringsted C, et al. The effect of dyad versus individual

simulation-based ultrasound training on skills transfer. Med Educ. 2015;49(3):

286-295. https://api.istex.fr/ark:/67375/WNG-1QVL4QVP-3/fulltext.pdf. doi:

10.1111/medu.12624

24. Shanks D, Brydges R, den Brok W, Nair P, Hatala R. Are two heads better than

one? Comparing dyad and self-regulated learning in simulation training. Med

Educ. 2013;47(12):1215-1222. https://api.istex.fr/ark:/67375/WNG-T61X9JKD-

V/fulltext.pdf. doi: 10.1111/medu.12284

25. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an

updated guideline for reporting systematic reviews. Br Med J. 2021;372:n71. doi:

10.1136/bmj.n71

26. Dewolf P, Clarebout G,Wauters L, Van Kerkhoven J, Verelst S. The effect of teach-

ing nontechnical skills in advanced life support: a systematic review. AEM education

and Training. 2021;5(3):e10522.

27. Cook DA, Reed DA. Appraising the quality of medical education research methods:

the medical education research study quality instrument and the Newcastle-Ottawa

Scale-education. Acad Med. 2015;90(8):1067-1076. https://www.ncbi.nlm.nih.gov/

pubmed/26107881. doi: 10.1097/ACM.0000000000000786

28. Cho Y, Je S, Yoon YS, et al. The effect of peer-group size on the delivery of feedback

in basic life support refresher training: a cluster randomized controlled trial. BMC

Med Educ. 2016;16(1):167. https://www.ncbi.nlm.nih.gov/pubmed/27378162. doi:

10.1186/s12909-016-0682-5

29. Mahling M, Münch A, Schenk S, et al. Basic life support is effectively taught in

groups of three, five and eight medical students: a prospective, randomized study.

BMC Med Educ. 2014;14(1):185. https://www.ncbi.nlm.nih.gov/pubmed/

25194168. doi: 10.1186/1472-6920-14-185

30. Shanks D, Wong RY, Roberts JM, Nair P, Ma IWY. Use of simulator-based

medical procedural curriculum: the learner’s perspectives. BMC Med Educ.

2010;10(1):77. https://www.ncbi.nlm.nih.gov/pubmed/21059253. doi: 10.1186/

1472-6920-10-77

31. Noerholk LM, Morcke AM, Kulasegaram K, et al. Does group size matter during

collaborative skills learning? A randomised study. Med Educ. 2022;56(6):680-689.

https://onlinelibrary.wiley.com/doi/abs/10.1111%2Fmedu.14791. doi: 10.1111/

medu.14791

32. Owen H, Plummer JL. Improving learning of a clinical skill: the first year’s experi-
ence of teaching endotracheal intubation in a clinical simulation facility. Med Educ.

2002;36(7):635-642. https://api.istex.fr/ark:/67375/WNG-RPT9L6V8-2/fulltext.

pdf. doi: 10.1046/j.1365-2923.2002.01260.x

33. Dubrowski A, MacRae H. Randomised, controlled study investigating the optimal

instructor: student ratios for teaching suturing skills. Med Educ. 2006;40(1):59-63.

https://api.istex.fr/ark:/67375/WNG-DSKRNKH4-S/fulltext.pdf. doi: 10.1111/j.

1365-2929.2005.02347.x

34. Bjerrum AS, Eika B, Charles P, Hilberg O. Dyad practice is efficient practice: a ran-

domised bronchoscopy simulation study. Med Educ. 2014;48(7):705-712. https://

api.istex.fr/ark:/67375/WNG-CR3W838K-B/fulltext.pdf. doi: 10.1111/medu.

12398

35. Räder SBEW, Henriksen A, Butrymovich V, et al. A study of the effect of dyad

practice versus that of individual practice on simulation-based complex skills learning

and of students’ perceptions of how and why dyad practice contributes to learning.

Acad Med. 2014;89(9):1287-1294. https://www.ncbi.nlm.nih.gov/pubmed/

24979287. doi: 10.1097/ACM.0000000000000373

36. Nabecker S, Huwendiek S, Theiler L, Huber M, Petrowski K, Greif R. The effective

group size for teaching cardiopulmonary resuscitation skills – a randomized con-

trolled simulation trial. Resuscitation. 2021;165:77-82. https://dx.doi.org/10.1016/

j.resuscitation.2021.05.034

37. Lim Y, Steinemann S, Berg BW. Team size impact on assessment of teamwork in

simulation-based trauma team training. Hawaii J Med Public Health.

2014;73(11):358-361. https://www.ncbi.nlm.nih.gov/pubmed/25414806.

38. Brim NM, Venkatan SK, Gordon JA, Alexander EK. Long-term educational

impact of a simulator curriculum on medical student education in an internal medi-

cine clerkship. Simul Healthc. 2010;5(2):75-81. https://www.ncbi.nlm.nih.gov/

pubmed/20389232. doi: 10.1097/SIH.0b013e3181ca8edc

39. Borges LF, Robertson JM, Kappler SM, et al. Optimizing multidisciplinary simula-

tion in medical school for larger groups: role assignment by lottery and guided learn-

ing. Adv Med Educ Pract. 2020;11:969-976. https://www.ncbi.nlm.nih.gov/

pubmed/33376436. doi: 10.2147/AMEP.S270272

40. Glatts L, Clark N, Clarke S, Fukuyama K. Student perspectives of interprofessional

group debriefing: use of the national league for nursing guide for teaching thinking.

Nurs Educ Perspect. 2021;42(1):36-38. https://www.ncbi.nlm.nih.gov/pubmed/

31851137. doi: 10.1097/01.NEP.0000000000000617

41. Rezmer J, Begaz T, Treat R, Tews M. Impact of group size on the effectiveness of a

resuscitation simulation curriculum for medical students. Teach Learn Med.

2011;23(3):251-255. https://www.tandfonline.com/doi/abs/10.1080/10401334.

2011.586920. doi: 10.1080/10401334.2011.586920

42. Hensel D, Ball S. The effects of group size on outcomes in high-risk, maternal-

newborn simulations. 2013. https://hdl.handle.net/2022/17201.

Appendix
Search methods: eligibility criteria and search strategy.

CATEGORY INCLUSION EXCLUSION

Search terms “Simulation” + “medical
education” + “group size”

Language Full text in English Abstract only,
non-English
language

Publication
date

After September 28,
2022

Publication
status

Published in peer-reviewed
journals

Unpublished papers

Study design Randomized control trials
Controlled pre- posttrials
Observational studies

Editorial and
opinions
Commentaries
Abstracts

Populations Medical students, graduate
medical learners, nursing
students, EMT students

Learners in
nonhuman medical
training

SEARCH

ENGINE

DATE SEARCH

PERFORMED

PAPERS CONSIDERED FOR

INCLUSION

MEDLINE September 28, 2022 All

EMBASE September 28, 2022 All

Cochrane September 28, 2022 All

PubMed September 28, 2022 All

Web of
Science

September 28, 2022 All

Med Ed
Portal

September 28, 2022 All

Google
Scholar

September 28, 2022 Top 200 results

8 Journal of Medical Education and Curricular Development

https://www.clinicalkey.es/playcontent/1-s2.0-S0039606012003182
https://www.clinicalkey.es/playcontent/1-s2.0-S0039606012003182
https://www.clinicalkey.es/playcontent/1-s2.0-S0039606012003182
http://dx.doi.org/10.1016/j.surg.2012.06.025
https://www.clinicalkey.es/playcontent/1-s2.0-S1076633210004617
https://www.clinicalkey.es/playcontent/1-s2.0-S1076633210004617
https://www.clinicalkey.es/playcontent/1-s2.0-S1076633210004617
http://dx.doi.org/10.1016/j.acra.2010.08.014
https://www.ncbi.nlm.nih.gov/pubmed/29449982
https://www.ncbi.nlm.nih.gov/pubmed/29449982
https://www.ncbi.nlm.nih.gov/pubmed/29449982
http://dx.doi.org/10.1186/s41077-016-0020-3
http://dx.doi.org/10.1186/s41077-016-0020-3
http://dx.doi.org/10.1186/s41077-016-0020-3
http://dx.doi.org/10.1186/s41077-016-0020-3
https://www.ncbi.nlm.nih.gov/pubmed/24084304
https://www.ncbi.nlm.nih.gov/pubmed/24084304
https://www.ncbi.nlm.nih.gov/pubmed/24084304
http://dx.doi.org/10.7205/MILMED-D-13-00258
http://dx.doi.org/10.7205/MILMED-D-13-00258
http://dx.doi.org/10.7205/MILMED-D-13-00258
http://dx.doi.org/10.7205/MILMED-D-13-00258
https://api.istex.fr/ark:/67375/WNG-1QVL4QVP-3/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-1QVL4QVP-3/fulltext.pdf
http://dx.doi.org/10.1111/medu.12624
https://api.istex.fr/ark:/67375/WNG-T61X9JKD-V/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-T61X9JKD-V/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-T61X9JKD-V/fulltext.pdf
http://dx.doi.org/10.1111/medu.12284
http://dx.doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/26107881
https://www.ncbi.nlm.nih.gov/pubmed/26107881
https://www.ncbi.nlm.nih.gov/pubmed/26107881
http://dx.doi.org/10.1097/ACM.0000000000000786
https://www.ncbi.nlm.nih.gov/pubmed/27378162
https://www.ncbi.nlm.nih.gov/pubmed/27378162
http://dx.doi.org/10.1186/s12909-016-0682-5
http://dx.doi.org/10.1186/s12909-016-0682-5
http://dx.doi.org/10.1186/s12909-016-0682-5
http://dx.doi.org/10.1186/s12909-016-0682-5
https://www.ncbi.nlm.nih.gov/pubmed/25194168
https://www.ncbi.nlm.nih.gov/pubmed/25194168
https://www.ncbi.nlm.nih.gov/pubmed/25194168
http://dx.doi.org/10.1186/1472-6920-14-185
http://dx.doi.org/10.1186/1472-6920-14-185
http://dx.doi.org/10.1186/1472-6920-14-185
http://dx.doi.org/10.1186/1472-6920-14-185
https://www.ncbi.nlm.nih.gov/pubmed/21059253
https://www.ncbi.nlm.nih.gov/pubmed/21059253
http://dx.doi.org/10.1186/1472-6920-10-77
http://dx.doi.org/10.1186/1472-6920-10-77
http://dx.doi.org/10.1186/1472-6920-10-77
http://dx.doi.org/10.1186/1472-6920-10-77
http://dx.doi.org/10.1186/1472-6920-10-77
https://onlinelibrary.wiley.com/doi/abs/10.1111%2Fmedu.14791
https://onlinelibrary.wiley.com/doi/abs/10.1111%2Fmedu.14791
http://dx.doi.org/10.1111/medu.14791
http://dx.doi.org/10.1111/medu.14791
https://api.istex.fr/ark:/67375/WNG-RPT9L6V8-2/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-RPT9L6V8-2/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-RPT9L6V8-2/fulltext.pdf
http://dx.doi.org/10.1046/j.1365-2923.2002.01260.x
http://dx.doi.org/10.1046/j.1365-2923.2002.01260.x
https://api.istex.fr/ark:/67375/WNG-DSKRNKH4-S/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-DSKRNKH4-S/fulltext.pdf
http://dx.doi.org/10.1111/j.1365-2929.2005.02347.x
http://dx.doi.org/10.1111/j.1365-2929.2005.02347.x
http://dx.doi.org/10.1111/j.1365-2929.2005.02347.x
https://api.istex.fr/ark:/67375/WNG-CR3W838K-B/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-CR3W838K-B/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-CR3W838K-B/fulltext.pdf
http://dx.doi.org/10.1111/medu.12398
http://dx.doi.org/10.1111/medu.12398
https://www.ncbi.nlm.nih.gov/pubmed/24979287
https://www.ncbi.nlm.nih.gov/pubmed/24979287
https://www.ncbi.nlm.nih.gov/pubmed/24979287
http://dx.doi.org/10.1097/ACM.0000000000000373
https://dx.doi.org/10.1016/j.resuscitation.2021.05.034
https://dx.doi.org/10.1016/j.resuscitation.2021.05.034
https://dx.doi.org/10.1016/j.resuscitation.2021.05.034
https://www.ncbi.nlm.nih.gov/pubmed/25414806
https://www.ncbi.nlm.nih.gov/pubmed/25414806
https://www.ncbi.nlm.nih.gov/pubmed/20389232
https://www.ncbi.nlm.nih.gov/pubmed/20389232
https://www.ncbi.nlm.nih.gov/pubmed/20389232
http://dx.doi.org/10.1097/SIH.0b013e3181ca8edc
https://www.ncbi.nlm.nih.gov/pubmed/33376436
https://www.ncbi.nlm.nih.gov/pubmed/33376436
https://www.ncbi.nlm.nih.gov/pubmed/33376436
http://dx.doi.org/10.2147/AMEP.S270272
https://www.ncbi.nlm.nih.gov/pubmed/31851137
https://www.ncbi.nlm.nih.gov/pubmed/31851137
https://www.ncbi.nlm.nih.gov/pubmed/31851137
http://dx.doi.org/10.1097/01.NEP.0000000000000617
https://www.tandfonline.com/doi/abs/10.1080/10401334.2011.586920
https://www.tandfonline.com/doi/abs/10.1080/10401334.2011.586920
https://www.tandfonline.com/doi/abs/10.1080/10401334.2011.586920
http://dx.doi.org/10.1080/10401334.2011.586920
https://hdl.handle.net/2022/17201
https://hdl.handle.net/2022/17201

	 Introduction
	 Methods
	 Study selection
	 Inclusion and exclusion criteria
	 Data extraction and analysis
	 Quality assessment

	 Results
	 Search results
	 Study characteristics and quality
	 Synthesis

	 Discussion
	 Limitations
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


