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Abstract

Simulation, an educational, assessment, and research technique used to mimic real-

world situations, is increasingly used in pharmacy education. The most-used simula-

tion methods include high-fidelity simulation (HFS), low-fidelity simulation (LFS),

standardized patients, and game-based simulation. A common element of simulation

is its ability to offer learners the chance to practice a skill or acquire knowledge in a

safe and accessible space. Simulation methods differ in key aspects, including cost

and other resource investment as well as ideal venue for use in education. HFS pro-

vides a more realistic simulation environment than LFS but is typically more expen-

sive. Standardized patients offer learners the opportunity to engage with a live

person but may elicit greater variability in responses to learners' input than HFS.

Computer-based simulation uses technology to supply a wide variety of learning

opportunities; however, it may require the use of proprietary software and devices.

Despite widespread use, literature describing learning outcomes of simulation in

pharmacy education is limited. Some existing reports with positive findings have

focused on learner satisfaction with or perceived benefit of simulation activities. The
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few existing publications summarizing changes in skills or knowledge demonstrate a

positive impact. Simulation is a promising modality for educating pharmacy students

and residents; however, more data summarizing the benefit of learning outcomes are

needed.

K E YWORD S

learning outcomes, pharmacy education, simulation

1 | INTRODUCTION

Simulation is a technique typically used for education, assessment,

and research in which participants apply knowledge, skills, and atti-

tudes in a scenario that simulates the real world.1 The Agency for

Healthcare Research and Quality defines simulation as “a technique

that creates a situation or environment to allow persons to experience

a representation of a real event for the purpose of practice, learning,

evaluation, testing, or to gain understanding of systems or human

actions.”2 Although the history of simulation has roots in the aviation

and military industries, the medicine and nursing professions have

adopted many simulation principles with the goal of improving patient

outcomes and safety in the complex health care system. Other health

professions have incorporated simulation over time.3

The Accreditation Council for Pharmacy Education Standards

2016 supports the use of simulation-based education to “mimic actual

or realistic pharmacist-delivered patient care situations,” to fulfill cer-

tain introductory pharmacy practice experiences (IPPEs) and provide

opportunities for interprofessional team education.4 Use of simulation

is not limited to pharmacy students and may also be incorporated into

pharmacy residency curricula. However, the American Society of

Health-System Pharmacists Accreditation Standards for Postgraduate

Year One (PGY1) Pharmacy Residency Programs do not explicitly

require or limit its use.5

The most common simulation modalities in health professions

education include standardized patients (SPs), task trainers, manikins,

and games. Overall, simulation affords a standardized environment

where learners can practice applying the knowledge, skills, and atti-

tudes learned in didactics without the risk of patient harm.6,7 In

essence, simulation provides learners authenticity with a safety net to

try new approaches, slow down patient scenarios, and build self-confi-

dence.6,8 Debriefing through guided reflection is a vital step within

simulation-based activities as participants learn to make sense of what

they have experienced.9 Incorporating simulation into curricula allows

educators to assess clinical practice skills and ensure learners are pre-

pared for the next stage of training.10 Simulations have been used to

assess communication, interprofessional dynamics, care plan develop-

ment, compounding, medication errors, and cultural competency,

among many other skills.7,8,11,12 The knowledge and skills acquired in

simulation scenarios have been shown to translate into and affect

real-world practice.8

Contemporary simulations incorporate various technologies,

including electronic health records (EHRs), patient manikins, and task

trainers.13–17 Simulations have also forged into the gaming and virtual

worlds to allow for immersive experiences in a familiar and safe envi-

ronment.6,18–25 Virtual simulations allow for remote participation,

bringing together learners from various disciplines and locales into

one simulated healthcare environment.26–32 In fact, during the

COVID-19 pandemic, simulations in the remote setting became nec-

essary to meet curricular outcomes.33,34

Overall, use of simulations in health professions education is

widespread and has positively affected learner satisfaction, knowl-

edge, skills, and behaviors.35,36 In pharmacy education, the incorpora-

tion of simulation has grown over the past 20 years. A decade ago,

most colleges/schools of pharmacy reported incorporating simulations

into their curriculum.37 This white paper addresses the impact of vari-

ous simulation modalities on learning outcomes within the pharmacy

professional degree curricula and residency training programs.

2 | HIGH-FIDELITY SIMULATION

To define high-fidelity simulation (HFS), one must start with the con-

cept of fidelity. Simply stated, fidelity is the extent to which an experi-

ence is true to reality.2 It follows that HFS in pharmacy education is

the extent to which the experience represents what learners will

encounter in clinical practice. HFS is a broad term that encompasses

any experience mimicking reality. In this paper, HFS refers to sophisti-

cated manikins that can be programmed to exhibit realistic vital signs,

physical examination findings, and responses to interventions and

medications and their use in pharmacy education.38,39

2.1 | Examples of HFS in pharmacy education and
training

Almost 85% of colleges/schools in the United States have access to

high-fidelity manikins or SPs.37 Much of the published literature with

high-fidelity manikins involves pharmacy students only or pharmacy

students in conjunction with interprofessional teams. A common use

of HFS is in the setting of cardiovascular emergencies, particularly

education, and training for advanced cardiac life support (ACLS).26,40–

44 In this exercise, learners care for a patient as part of a team during

a simulated cardiac arrest, allowing for practice of resuscitation funda-

mentals such as chest compressions, ventilations, defibrillation, medi-

cation administration, and exposure to a stressful situation.40 High-
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fidelity manikins have also been incorporated throughout pharmacy

curricula to teach about a variety of acute care clinical topics, includ-

ing anaphylaxis, endocrine emergencies, seizures, arrhythmias, asthma,

heart failure, and toxic exposures.44–50

The most common interprofessional dynamics described in

the HFS literature include teams of students from pharmacy,

nursing, and medicine, with others including social work, respiratory

therapy, and physician assistants. Many of the published reports out-

line single interprofessional events such as caring for a patient with

anaphylaxis, drug toxicity, end-of-life needs, stroke, or heart failure

exacerbation.51–55 Reports also contain examples of several HFS

scenarios or repeated events throughout a course, but these are less

common.56–58

Use of HFS in the training of pharmacy residents is less common.

Literature describing pharmacy resident involvement in HFS experi-

ences has primarily included high-risk scenarios, such as medical

emergencies and ACLS.59–62 Simulation activities in medical emergen-

cies have covered a wide array of patient scenarios, including the

management of hyperkalemia, ischemic stroke, anaphylaxis, rapid

sequence intubation, ST-segment elevation myocardial infarction, sep-

sis, status epilepticus, intracranial hemorrhage, bleeding reversal,

malignant hyperthermia, ventricular arrhythmia, supraventricular

tachycardia, and symptomatic bradycardia.59,62

2.2 | Learning outcomes assessed using HFS and
evidence supporting use in education and training

Learning outcomes associated with HFS have been described for

pharmacy students,15,26,40–44,48–50,63–66 pharmacy residents,59–62 and

interprofessional learners51–58,67–72 (Table 1).

Knowledge as assessed by quizzes and examinations is the most

commonly described learning outcome for pharmacy students partici-

pating in HFS.15,40,42–44,46–50,63,66 Students' knowledge improves with

HFS in a variety of clinical content areas.15,40,43,46–50,63,66 Beyond

knowledge acquisition, knowledge retention has also been evaluated

for durations of 25 days to 3 months after HFS.46,49,50 Knowledge

was retained in the settings of acute care medical emergencies and

when supplementing IPPEs.46,50

HFS is a practical and commonly used method for teaching skills

performance.15,26,41,48,65 All instances of skills performance assess-

ment with HFS in the pharmacy education literature are associated

with statistical or numerical improvements.15,26,41,45,48,63,65 Publica-

tions from one institution describe increased basic life support (BLS)

and ACLS skills retention as well as simulated patient survival.26,41,65

BLS skills were retained within 120 days of training.65 After a one-

time exposure in an elective course, there was a numerical, but not

statistically superior, retention in students' ACLS skills at 120 days

compared with students without previous training.41 After a 10-h

ACLS certification course with HFS within the previous year, BLS and

ACLS skills were retained.26 Although simulated patient survival

increased after previous exposure to HFS in an elective (37%) or certi-

fication (86%) course, the outcome was statistically superior only after

the certification course.26,41 Other supplementary outcomes routinely

assessed include attitudes, perceptions, confidence, and satisfaction

related to HFS.15,26,40–47,49,50 Increased learner confidence and satis-

faction with HFS are routinely described.15,26,40–47,50,63

Learning outcomes for pharmacy residents participating in HFS

experiences of medical emergencies or ACLS focuses on global cogni-

tive skills over discrete tasks and include outcomes such as confi-

dence, knowledge, competency, satisfaction with the simulation,

preparedness, and sustainability of preparedness.59–62 These learning

outcomes are typically evaluated using quantitative methods in the

form of Likert scale surveys administered to participants either before

and after or just after the simulation.59–62 One paper described a

more positive impact on self-reported competence with cardiovascu-

lar emergencies such as cardiac arrest or arrhythmias at the end of

PGY1 training in students participating in these exercises than in

those not exposed to simulation.59 Another report detailed the use of

high-fidelity manikins to train PGY1 residents on managing cardiopul-

monary arrest using three distinct scenarios. The authors reported

improvement in knowledge, confidence, and competence after simula-

tion compared with baseline.60 Other published reports have focused

on perceived confidence and preparedness for managing medical

emergencies after taking part in HFS exercises.61,62

The outcomes described for interprofessional HFS experiences

with pharmacy students have focused on attitudes or perceptions

toward collaborating as a team rather than clinical management or

outcomes. The emphasized outcomes align with the Interprofessional

Education Collaborative core competencies, including values/ethics,

teamwork, communication, and understanding of the roles and

responsibilities of team members.67,70,72 Many validated survey

instruments have been incorporated into the literature for evaluating

learning outcomes in interprofessional HFS.51–53,55–57,67,68,70,71

The most frequently reported survey instrument is the Readiness

for Interprofessional Learning Scale, which assesses the attitudes of

health and social work students toward interprofessional learning by

assessing domains such as teamwork and collaboration, professional

identity, and roles and responsibilities.51,53,55,68 After participating in

interprofessional HFS, participating students have shown improved

attitudes and readiness for interprofessional learning.51,55,68 Attitudes

and perceptions of teamwork can also be evaluated in HFS using a

modified version of the TeamSTEPPS Teamwork Perceptions Ques-

tionnaire and Teamwork Attitudes Questionnaire to target healthcare

professional students instead of clinical practitioners to assess effec-

tive communication, value as team members, collaboration, and recog-

nition of the expertise of members of the interprofessional team.67

The change in perceptions toward interprofessional health care

teams has been evaluated using the Students' Perceptions of Physician-

Pharmacist Interprofessional Clinical Education Revised (SPICE-R) and

Attitudes Toward Health Care Teams Scale (ATHCT) tools. Third-year

pharmacy and senior nursing students' perceptions of interprofessional

healthcare teams as assessed by SPICE-R improved after completion of

two hospital-based HFSs.56 Evaluations of participants using the

ATHCT showed improved student perception of interprofessional after

completing interprofessional HFS on pharmacology topics.52 Other
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studies have also found that interprofessional HFS improves partici-

pants' perception of interprofessional collaboration.54,58,69

Improved interprofessional competency of pharmacy students

has been shown using the Interprofessional Collaborative Competen-

cies Attainment Survey (ICCAS) to assess self-reported communica-

tion, collaboration, roles and responsibilities, collaborative patient/

family approach, conflict resolution, and team functioning.71 Improved

team communication between medical, pharmacy, nursing, physician

assistant, and social work students was shown using the Communica-

tion and Teamwork Skills (CATS) assessment after four HFS sessions

of once-weekly management of acute care.57

3 | LOW-FIDELITY SIMULATION

Unlike HFS, low-fidelity simulation (LFS) models do not need to be con-

trolled or programmed externally for learner participation in the activ-

ity.73 LFS mirrors the actual action or scenario closely but omits some

elements of the real-life experience, thus enabling the learner to grasp

smaller concepts more easily as building blocks of a larger concept.

Therefore, LFS is often used to build knowledge and provide a more suit-

able scenario for initial practice than HFS. LFS may be particularly useful

in settings that lack resources to support HFS and can also play a key

role in helping learners accrue knowledge and skills over time. By leaving

out certain elements of the actual situation, LFS creates a less-distracting

opportunity for learners to focus on basic knowledge and skills.74 In this

paper, LFS is defined as activities that are not fully reflective of real-

world interactions, including case studies, task trainers, and role-playing.

3.1 | Examples of LFS in pharmacy education and
training

Although LFS will feel the least real to the learner, it is useful to build

knowledge and develop basic skills. Task trainers, one common form

of LFS, are models or manikins that represent a body part, such as an

extremity or anatomic structure. Such devices allow the learner to

focus on an isolated task. Examples of task trainers are intravenous

(IV) arms and injection pads, which can allow students to practice IV

insertion and injection techniques without feedback. One publication

compared two forms of LFS to train and assess pharmacy students'

injection techniques: injection pads and patient simulator injection

arms. Students' ability to administer an injection and their self-

perceived levels of confidence, proficiency, and anxiety did not

depend on the type of simulation training used.74 Case studies are

another example of LFS and may be delivered via interactive fiction or

eCases. Interactive fiction is a digital media for delivering computer-

based “choose-your-own-adventure” stories and can be used to

assess clinical decision-making. This low-fidelity approach requires

significantly less time and fewer resources to develop and deploy than

high-fidelity options such as virtual patients.75 Role-playing is another

example of LFS in which role-players assume the attitudes of another

to understand a different point of view. Role-playing differs from

standardized or virtual patients because players are not coached to

perform similarly to an actual patient (e.g., symptoms or diseases);

hence, a student's performance can be determined by an evaluator or

another student.2 Overall, LFS modalities are relatively easy to imple-

ment and less expensive than HFS techniques. Although LFS does not

provide learners with the most authentic experience, learning out-

comes can still be assessed with this method.

3.2 | Learning outcomes assessed using LFS and
evidence supporting use in education and training

Simulations are meant to support learning objectives and outcomes;

however, data are limited regarding the impact of LFS on learning out-

comes. Learning outcomes typically assessed via LFS include interpro-

fessional education outcomes, noncognitive skills, and certain discrete

tasks (Table 2). With the use of LFS to teach the medication use pro-

cess among pharmacy and nursing students, students reported

increased confidence and satisfaction with accurately calling in,

retrieving, and filling a prescription.76 Noncognitive skills assessed

using LFS are critical thinking, problem-solving, communication, and

interpersonal interaction. A simulator of any level of fidelity can be

incorporated into activities to increase student confidence and com-

petence in technical skills.77 A low-fidelity heart and breath sounds

simulator used in a didactic pediatric elective showed that LFS

increased student confidence, knowledge, and interest in pediatrics.78

Each simulation technique has the potential to provide different

learning and development opportunities for learners, depending on

the intended learning outcome and required fidelity. Michael et al.

outline how simulation-based training in pharmacy school can support

skills acquisition and pharmacist development. The article gives the

example of using an artificial arm or medication chart as LFS to teach

discrete tasks such as blood pressure monitoring and medication rec-

onciliation, respectively.79 Another discrete task that can be assessed

using LFS is physical assessment.

HFSs are not required for a simulation to be successful. In a study

comparing the high-fidelity human patient manikin SimMan with stu-

dent peer role-players, student outcomes did not differ with respect

to the type of simulated patient used.80 Several studies in medical

education have found no distinct advantage of HFS over LFS with

respect to improvement in knowledge or skills.81 The appropriate level

of fidelity depends on the intended learning goals. Different levels of

fidelity may be needed for different objectives and levels of trainees,

and literature is limited on the impact of using low-fidelity measures

among pharmacy residents.82 Future research should include the

types of LFS used to facilitate knowledge and skills delivery in resi-

dents and evaluate the changes in learning outcomes.

4 | STANDARDIZED PATIENTS

SPs have widely been used to simulate clinical settings in the educa-

tion and training of health professionals of various types for almost
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60 years. However, like many other aspects of clinical education and

practice developed decades ago, the evidentiary base supporting the

use of SPs in health professions education is relatively weak and

includes several observational and anecdotal reports and few rigorous

studies.83,84

By definition, SPs are trained to play the role of a patient or other

character consistently across student encounters in a scripted case

scenario to provide a safe, standard learning environment.84 In some

instances, the terms SP and simulated patient are used interchange-

ably; however, a simulated patient more commonly refers to the types

of HFS mentioned earlier, such as manikins capable of programmable

physiologic responses to interventions.66,85 Standardized colleagues

portray physicians or other healthcare professionals to be on the

receiving end of recommendations and interact in a simulated inter-

professional healthcare environment. In an ideal setting, standardized

colleagues are played by a healthcare professional because a back-

ground that includes clinical training generally produces more realistic

encounters.86,87

Developing scripts for objective structured clinical examinations

(OSCEs) and training a wide variety of actors, students, other health

professionals, educators, and retirees (including retired physicians,

nurses, and other health professionals) to consistently and uniformly

portray the desired patient is expensive and labor-intensive over the

long term. However, these initial expenses are low compared with

HFS or interactive human or animated videos. Use of live SPs provides

greater fidelity in portraying simulation scenarios for teaching and

evaluating physical assessment, communication, empathy, motiva-

tional interviewing, and other skills requiring human interactions. SPs

can simulate illnesses and clinical situations not commonly encoun-

tered in the actual care setting. In high-risk scenarios, SPs provide the

learner with a safe environment for acquiring new knowledge and

developing advanced skills.84

4.1 | Examples of SPs in pharmacy education and
training

Use of SPs is a widespread practice in pharmacy education to develop

both communication and clinical skill sets among pharmacy students

and sometimes for pharmacy residents. Incorporating SPs into phar-

macy curricula allows students to build confidence in their patient

communication skills in a safe, controlled environment and has been

shown to improve empathy as well as cultural and emotional compe-

tence.84,88 The teaching of physical assessment skills, such as cardiac,

pulmonary, and dermatologic assessments, can be augmented with

the use of SPs.89,90

TABLE 2 Learning outcomes associated with low-fidelity simulation activities.

Author

(year) Simulation activity Learner Learning outcomes Results

Student pharmacists

Eiland

(2021)

Physical assessment of heart

and lung sounds

106 pharmacy students

(second year)

• Confidence in performing a

physical assessment

• Knowledge of pediatric vital

signs

All post-simulation confidence

scores improved (p < 0.001),

and 98% of students showed

competency on the final

assessment

Morningstar-

Kywi

(2021)

Interactive digital patient cases

on several topics

�500 students (cases

were used in multiple

classes)

• Confidence in the topic and

understanding of material

> 90 of students reported that

cases helped them learn

Perea (2020) Physical assessment

Two groups: SimMan versus

student peer SPs

139 pharmacy students

(first year)

• Pharmacists' Patient Care

Process: Physical

assessment technique

• Student preference for SP or

manikin

95% of students practicing on a

live patient and 88% of

students practicing on a

manikin agreed their physical

assessment skills improved

Skoy (2013) Immunization training

Two groups: Using injection

pad and using injection arm

simulator

78 pharmacy students

(third year)

• Self-assessed proficiency,

confidence, and anxiety in

administering immunizations

Self-rated proficiency of

administering an injection

increased from no proficiency

to somewhat proficient,

confidence increased from

low to somewhat confident,

and anxiety decreased from

some to low anxiety

Interprofessional learners

Bartlett

(2020)

Asynchronous medication

administration safety activity

126 nursing students (first

year)

152 pharmacy students

(first year)

• Confidence in performing

the activity

• Satisfaction with the activity

> 80% of students expressed

satisfaction and confidence

after learning

Abbreviation: SP = standardized patient.
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In a senior-year clinical skills course at one university, use of SPs

was transitioned to more than 40 “simulated patients” portrayed by

actors and representing members of an elaborate, multigenerational

family tree. With input from practicing community pharmacists, the

SPs were encouraged to be creative while adhering to the outlines of

a plot, history, and outcome for each “patient.” Students completing

this clinical skills course had high pass rates on the licensing board's

OSCE. Positive feedback was collected from randomly selected stu-

dents during qualitative interviews 3 years after graduation and

licensure.91

SPs have been used for simulating interprofessional activities

among medical, nursing, dental, physical therapy, and pharmacy stu-

dents in both ambulatory care and high-stress emergency depart-

ment simulations.11,92 Use of SPs in pharmacy residency training has

not been extensively explored. However, one study using mixed sim-

ulation modalities, including SPs, positioned PGY1 residents as a

benchmark for pharmacy students in their first and third professional

years to strive for as they compared clinical skills between learner

levels.7

4.2 | Learning outcomes assessed using SPs

SPs can be used to teach and assess a variety of outcomes (Table 3).

Outcomes may be assessed by the SPs themselves, a third-party

observer, such as a faculty member or preceptor (who sometimes use

video to observe several interactions of learners and SPs), self-

assessment by a student, or a combination of these.96

Use of SPs to assess entrustable professional activities (EPAs)

in medical schools and physician residency programs is well-

established in the literature.97–100 Although little has been

published specifically about using SPs to assess EPAs in pharmacy

curricula, SPs have been used to assess students' core domain

abilities before they begin advanced pharmacy practice experi-

ences (APPEs).10 SPs may be used to assess specific tasks in the

Pharmacists' Patient Care Process (PPCP), such as collecting infor-

mation via patient interview and developing and implementing a

plan in collaboration with the “patient.”101,102 SPs are particularly

helpful for teaching and assessing directly observable tasks such

as physical assessment, with some students indicating a prefer-

ence for SPs over manikins for learning physical assessment and

examinations.89

The most commonly documented use of SPs in pharmacy curric-

ula is for teaching and assessing interpersonal skills such as commu-

nication, motivational interviewing, and counseling skills, including

the ability to show empathy during patient encounters.88,103–107

Students may report improved confidence in their communication

skills after interacting with SPs.86,108 In one study, mock patient

interactions were more effective at teaching motivational interview-

ing skills to pharmacy students than peer role-play or written dia-

logue.109 In a learning activity, a standardized colleague was used

to assess students' ability to admit uncertainty to a healthcare

provider.110

4.3 | Evidence supporting use of SPs in education
and training

Evidence for the reliability, validity, and replicability of the use of SPs

in health professions education and postgraduate training is more

from experiential and observational reports than from rigorous, well-

controlled, comparative studies. Pharmacy education has increased

the incorporation of SPs as expectations for effective direct patient

communication have increased, competition for training sites has

grown with the increased number of pharmacy schools and residency

training programs, and shorter hospital stays have reduced patient

access during acute care-based APPEs.

Four themes have been identified from the literature on the use

of SPs in pharmacy education: student satisfaction; effectiveness in

imparting knowledge, skills, and interprofessional practices; use in

assessment; and cost of the educational activity. In addition, student

acceptance of SPs as a teaching tool is high, and evidence supports

the benefit of SPs in teaching pharmacy-related knowledge and

skills.84

Use of SPs in education and training has some degree of external

validity because the student or resident encounters a live person

describing symptoms or displaying emotions, just as patients do when

talking with health professionals. However, internal and construct

validity are not ensured, and differences among SPs' and learners'

reactions are difficult to predict, measure, or control. SPs are real peo-

ple, and differences in personality, as well as interpersonal skills, can

affect their interaction with the learner. How well the actors are

trained and scripted may affect replicability. Similarly, students and

residents may react differently to SPs depending on congruence or

incongruence of age, gender, race, ethnicity, and other factors

influencing human behavior. How closely the interactions match those

in the real world affects construct validity when SPs are used in teach-

ing. The reliability of SP-based education for achieving stated learning

objectives is often unstudied and not compared with the efficacy or

costs of other forms of simulation and pedagogical methods.84,86

In nursing education, SPs are used frequently, and many studies

have been published. A 2019 systematic review analyzed 65 studies

on the use of SPs in nursing education. The authors concluded that

more randomized controlled trials were needed as well as studies with

power analyses and validated measurement instruments. The dearth

of comparisons of SPs with HFS was also noted, which are needed to

“determine optimal student learning outcomes and standardize best

practices in simulation,” the authors concluded.111

A scoping review examined the templates and protocols used to

direct actors in SP roles. From 2746 published reports of quasi-experi-

mental, mixed-methods, and qualitative studies of the use of SPs in

health professional education, 17 met the study criteria and were ana-

lyzed in detail. Educational settings included medical, nursing, allied

health professional, and veterinary medical schools, including one

study of pharmacy students.86,112 Only one of these studies clearly

validated the cases used by SPs, and two studies evaluated the

authenticity of the SP portrayal. Accuracy and consistency of SP por-

trayals, consistency among actors when more than one was used, and
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documentation of the affect, behaviors, and tone of voice were stud-

ied inconsistently in the 17 reports. The authors recommended more

consistent inclusion of several categories of information in cases used

by SPs: demographics (name, age, and gender), background and situa-

tion (including medications), psychosocial information, symptoms, and

findings, and instructions to actors (opening statement, conversation

starters or extenders, and what to expect with respect to setting,

number of students and others present, and time interval).86

Use of SPs in pharmacy (and other health professions) education

and training is common and perceived as useful; however, extensive

evidence is lacking to support its effectiveness, validity, reliability,

consistency, lack of bias, and cost. More robust studies could inform

pharmacy educators on best practices for SP use.

5 | COMPUTER-BASED SIMULATION

Computer-based simulation (CBS), sometimes called software- or

screen-based simulation, replicates real-time decision-making pro-

cesses in a virtual learning environment, including virtual patients, vir-

tual reality (VR) task trainers, computer-generated game simulators,

and VR simulation.2,113 In pharmacy education, CBS also encompasses

mock EHR systems, interactive game-based learning (GBL), and simu-

lations based in extended reality (XR). Although CBS is sometimes

considered part of LFS, this paper separates CBS to expand on the

use of modern technologies in pharmacy education.

5.1 | Examples of CBS in pharmacy education and
training

Pharmacy curricula are increasingly using simulated EHRs to better

prepare students for practice. In 2020, 37 of 59 responding colleges/

schools of pharmacy reported use of a simulated EHR in their curricu-

lum.114 Colleges/schools of pharmacy commonly use simulated EHRs

to afford learners the ability to practice and perform discrete tasks

such as data collection, documentation, medication reconciliation,

order entry, and order verification.114–120 Respondents also commen-

ted on the simulated EHR's ability to practice and/or assess various

steps of the PPCP and specific Center for the Advancement of Phar-

macy Education outcomes.114 Several other skills and competencies

to teach and/or assess in the EHR have been suggested, such as com-

munication, interprofessional collaboration, and data analysis.13

Interactive GBL is a type of “serious gaming” in which interactive

computer applications are used for training or educational pur-

poses.121 Game-based learning methods may be more advantageous

than traditional methods of instruction, given that they emphasize an

incorporation of compelling or competitive elements throughout the

game to maintain the learner's interest. In pharmacy education, GBL

varies in the types of content explored, game genres, and degree of

immersion and scalability.32 Common uses of GBL include provision

of immersive learning experiences in pharmacotherapy, drug informa-

tion, leadership, entrepreneurship, management, and direct patientT
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care skills.21,22,31,32,121–123 Further examples include managing virtual

pharmacies, clean room evaluation, clinical problem solving, and clini-

cal concepts in toxicology.21,22,122,123

Simulations based on XR, which includes VR, augmented reality

(AR), and mixed reality (MR), aim to provide an immersive, realistic expe-

rience in which participants' actions affect their experience within the

simulated environment.20 Learning benefits from XR simulations include

improved content understanding of spatial structure and function, long-

term memory retention, physical task performance, collaboration, and

student motivation.124 In pharmacy education, these simulation types

have been suggested to be helpful when teaching visual learners

and providing practice in difficult-to-simulate or resource-intensive

scenarios.125,126 Pharmacy topics suitable for XR simulations include

pharmacology, anatomy/physiology, compounding, patient safety, and

medication errors, critical care, difficult conversations, pharmacy work

processes, and memorization gamification.20,125,126

Virtual worlds and computer software simulations are the earliest

forms and least-immersive versions of XR. Second Life, a virtual world

developed for non-pharmacy purposes, has been used to simulate a

hospital ward where students attend rounds and patient meetings and

host virtual presentations and patient case discussions.127,128 Com-

puter software simulations, such as MicroSim Inhospital, MyDispense,

DecisionSim, CyberPatient, Organ Bath Pharmacology Simulation,

AutonomiCAL, Virtual Cat, and Virtual Rat, have been used to develop

BLS and ACLS skills, medication dispensing skills, critical evaluation of

patient medication regimens, clinical decision-making in oncology

patient cases, and pharmacology concept understanding.19,34,129–131

More immersive XR simulations with VR, AR, and MR are rela-

tively new to pharmacy education. VR has been used to visualize

three-dimensional (3D) representations of human anatomy and as an

application for distance team-based learning.20,132 AR and MR simula-

tions have been used to provide 3D models of drug-receptor interac-

tions and biomolecular structure, additional learning resources for

medication information and pharmacogenomics, vaccination training,

and immersion in patient experiences of dementia.133–139

5.2 | Learning outcomes assessed using CBS

Many of the reported outcomes with CBS focus on student satisfac-

tion, perceptions, and/or attitudes (Table 4). One study found that for

students randomized to use a virtual EHR in addition to patient simu-

lation, compared with patient simulation alone, the time needed to

provide optimal treatment recommendations decreased by 25%.16

Conversely, another report described that pharmacy students exposed

to a simulated EHR in their third professional year performed no bet-

ter on acute care and ambulatory care APPEs than previous cohorts

not exposed to simulated EHRs.116

Published GBL literature primarily assesses student satisfaction,

participation, and attitudes toward topic understanding before and

after implementation.32 Students also support the use of GBL in

future courses. One study found that students felt more confident in

clinical topics after completing the game.21 Although GBL activities

are increasingly being investigated in pharmacy school curricula, cur-

rent literature lacks descriptions of GBL in pharmacy resident and

interprofessional education.

Studies of virtual world and computer software simulations have

mainly evaluated students' perspectives.19,127,128,130 One study

reported improved BLS and ACLS performance when CBS was used

before manikin simulation.129 Studies of AR and MR simulations have

shown improvement in global learning objectives and qualitative posi-

tive student feedback on learning.133,136,138,139 However, other stud-

ies have only described student perceptions of the activities.134,135,137

Literature describing or evaluating the use of XR simulations in edu-

cating pharmacy residents are lacking. Use of VR has improved test

scores in anatomy and physiology courses and has been perceived to

provide a better environment than other online methods for team

learning.20,132

In summary, the CBS teaching method generally requires fewer

resources than other simulation modalities. Limitations to uptake may

include insufficient technological support, preconceived faculty and

student attitudes, and time limitations to implementation in the class-

room with traditional didactic learning.117 More studies are needed to

show the effectiveness of CBS specific to desired learning outcomes

for pharmacy students. In addition, studies using CBS to teach skills to

pharmacy residents are completely lacking from the current literature.

Because VR simulations require the most development and resources,

they are not widely used in pharmacy education, and literature evalu-

ating specific learning outcomes affected by VR simulations has not

yet been published.

6 | CONCLUSION

Exciting progress has been made in simulation education in pharmacy

over the past 2 decades. Most publications to date have focused on

HFS across a variety of pharmacy education settings ranging from

didactic to experiential, and most evidence is concentrated in Pharm.

D. programs. More publications evaluating various forms of simulation

across learner groups are needed. There is growing evidence regard-

ing the impact of simulation on learning outcomes within pharmacy

education as well as in interprofessional healthcare education. With

the evolving landscape of health professions education and practice, it

is important to purposefully align the intended learning outcome with

the appropriate simulation modality. Although resource availability is a

key component in strategic planning for robust education, there is a

significant opportunity for collaboration across all health professions.

Simulation has significant potential to continue to advance practice-

based learning outcomes for a variety of pharmacy learners.
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