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Abstract

Background: Audience response systems (ARS) represent one approach to make classroom learning more active. Although ARS

may have pedagogical value, their impact is still unclear. This systematic review aims to examine the effect of ARS on learning

outcomes in health professions education.

Methods: After a comprehensive literature search, two reviewers completed title screening, full-text review and quality

assessment of comparative studies in health professions education. Qualitative synthesis and meta-analysis of immediate and

longer term knowledge scores were conducted.

Results: Twenty-one of 1013 titles were included. Most studies evaluated ARS in lectures (20 studies) and in undergraduates (14

studies). Fourteen studies reported statistically significant improvement in knowledge scores with ARS. Meta-analysis showed

greater differences with non-randomised study design. Qualitative synthesis showed greater differences with non-interactive

teaching comparators and in postgraduates. Six of 21 studies reported student reaction; 5 favoured ARS while 1 had mixed results.

Conclusion: This review provides some evidence to suggest the effectiveness of ARS in improving learning outcomes. These

findings are more striking when ARS teaching is compared to non-interactive sessions and when non-randomised study designs

are used. This review highlights the importance of having high quality studies with balanced comparators available to those

making curricular decisions.

Introduction

There has been a shift in health trainee education from

traditional lectures to a more engaging and active style of

teaching. This is in part because of the inadequacies of

traditional lecturing to meet the needs of growing class sizes;

and the increasing evidence that lectures are not effective for

solidifying long-term knowledge acquisition or for promoting

translation beyond the acquisition of knowledge to its appli-

cation in both related and different settings (Alexander et al.

2009; Forsetlund et al. 2009). Audience response system(s)

(ARS) represent a recent innovation that is being used by an

increasing number of educational institutions to facilitate

student engagement and learning. It consists of an input

device controlled by the learner, a receiver and a display

linked to the input that can be controlled by the instructor. ARS

were first seen at Cornell and Stanford Universities in the 1960s

but were not made available for commercial use until the

1990s. Since that time, this technology has been evolving to

meet the needs of the modern classroom (Judson & Sawada

2002; Abrahamson 2006). A more affordable and convenient

ARS was marketed in 1999, and in 2003, it started having

widespread use in classrooms of higher education (Banks &

Bateman 2004; Abrahamson 2006; Kay & LeSage 2009). ARS

are being used in a variety of ways: as a learning strategy to

facilitate increased attention, interaction, instruction, student

preparation and discussion; to motivate students for atten-

dance and participation; and to provide formative and

summative knowledge assessments (Kay & LeSage 2009).

The literature concerning ARS in education has consistently

purported that, when used properly, ARS can achieve positive

results for participants (Caldwell 2007; Cain & Robinson 2008).

However, there has been reluctance in using ARS by many

Practice points

. ARS may improve knowledge scores and do improve

learner reaction.

. Findings are more striking with non-interactive teaching

comparators and non-randomised studies.

. In postgraduates, where sleep deprivation is common,

ARS may be even more beneficial (further study

required).

. This review highlights the importance of having high

quality studies with balanced comparators available to

those making curricular decisions.
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teachers and faculties. Some have expressed concerns regard-

ing the time and effort required to prepare new ARS style

lectures (Halloran 1995), the cost to faculty and students of

implementing the new system and the decreased time avail-

able to cover lecture material (Miller et al. 2003; Cain &

Robinson 2008).

Although ARS may have real pedagogical value, their

impact on learning in health professions education is still

unclear. There have been eight reviews published exploring

the cost, use and effect of ARS in the broader education

literature (Judson & Sawada 2002; Roschelle et al. 2004; Fies &

Marshall 2006; Caldwell 2007; Simpson & Oliver 2007; Cain &

Robinson 2008; MacArthur & Jones 2008; Kay & Lesage 2009).

However, many of these reviews were not systematic and

several had inadequate rigour in their methods as discussed

below. Many of these reviews address more general popula-

tions, including but not exclusively examining health profes-

sions education. Some were published nearly a decade ago

and are limited by the number of studies they include.

The most recent systematic review by Kay and LeSage

examines the different uses of ARS in higher education,

includes 52 studies and represents the most thorough and

rigorous review to date. The authors reported a number of

promising strategies including collecting formative assessment

feedback and peer-based instruction. However, of the 52

studies only seven studies related to health professions

education, and these studies focussed on teaching strategies

to improve the use of ARS rather than on learning outcomes.

Cain and Robinson published a review in 2008 that gave an

overview of the current applications of ARS within health

trainee education. This was not a systematic review and

reported data on only six studies.

Reviews that report learning outcomes have consistently

found that learner reaction is positive (Judson & Sawada 2002;

Roschelle et al. 2004; Fies & Marshall 2006; Caldwell 2007;

Simpson & Oliver 2007; Cain & Robinson 2008; MacArthur &

Jones 2008). However, the reviews that reported knowledge

outcomes (Judson & Sawada 2002; Fies & Marshall 2006;

Caldwell 2007; Cain & Robinson 2008; MacArthur & Jones

2008) reported mixed results, some studies favouring ARS and

others not.

Many reviews have highlighted limitations of the current

literature. For example, in 2002, Judson and Sawada published

a review that concluded the positive effects of ARS on

knowledge scores and learner reaction point more to the

teaching practices of the instructor than the incorporation of

the ARS technology. The review by Fies and Marshall

examined the different uses of ARS in education and

concluded that much of the current literature compares ARS

versus non-ARS teaching sessions that are unequal. They call

for research that rigorously assesses ARS with more balanced

comparators in a variety of educational settings.

Until this time, there has been a shortage of literature that

would allow a high quality methodological review to be

performed that focused on health professions education. We

however, in the past few years, a substantial number of new

articles with this focus have been published. It is now possible

to more rigorously assess the effect of ARS on learning in

health professions trainees and provide a better understanding

of their use in this distinct context.

Methods

Research question

The overall research question for this systematic review is:

what are the effects of ARS on learning outcomes in health

professions education? This review includes undergraduate

and graduate students, clinical trainees and practicing profes-

sionals. The effectiveness of educational strategies was mea-

sured in terms of the classic Kirkpatrick model (Kirkpatrick &

Kirkpatrick 2006) including change in patients’ health, change

in learners’ behaviour, change in learners’ skills, change in

learners’ knowledge, change in learners’ attitudes/perceptions

and change in learners’ reactions. Although it is not explicit in

Kirkpatrick’s framework, we included learners’ self-confidence

under the category of learners’ attitudes/perceptions.

Search strategy

A comprehensive search strategy was developed by a health

science librarian in consultation with the other co-authors. We

identified relevant studies from the online databases listed in

Table 1 and from other relevant sources as described below.

Two search strategies were used depending on whether the

database in question was health related or not. This was done

to ensure the inclusion of all relevant studies. The specific

terms and search strategies can be found for health-related

databases in Table 2 and general databases in Table 3. In

addition, the reference lists of all included studies were hand

searched, as were those of relevant reviews that were

identified during the title screening procedure described

below. We also hand-searched the conference proceedings

for the Association of American Medical Colleges, the

Association of Medical Education in Europe and the

Canadian Conference of Medical Education from 2007 to

2009. A separate cited reference search was conducted using

Web of Science and SCOPUS for each included study to

identify papers where it had been cited. The primary authors

of all included studies were contacted by email to determine if

they knew of any unpublished, recently published or ongoing

studies relevant to the review. The contact information used

was extracted from the included papers or from the university

directories associated with the primary authors.

Screening and selection of studies

The titles and abstracts generated from the electronic database

searches were collated in a Refworks reference management

database. They were then screened by two reviewers (AO and

CN) to exclude those that obviously did not meet the inclusion

criteria or address the question under study. The full texts of

the remaining studies were retrieved and a pre-approved

inclusion form was applied to each to identify relevant studies.

This was done independently by two reviewers (AO and CN),

and any disagreements that arose were resolved through

discussion, or with the aid of a third reviewer (LH) as required.
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The inclusion criteria are detailed in Table 4. These were

applied to each potentially relevant study to evaluate whether

the study should be included in the review. This review

focused on health professions trainees who experienced

teaching interventions as evaluated by controlled studies.

Assessment of methodological quality

The methodological quality of included studies was evaluated

independently by two reviewers (LH and CN) using well-

recognised tools. The Cochrane Risk of Bias tool was used for

controlled trials (Higgins & Green 2006). The Newcastle-

Ottawa Scale was used for cohort studies (Wells et al.).

Discrepancies were resolved through consensus.

Data extraction

Data were extracted and entered into an electronic data

extraction form. These were developed and piloted in a

systematic review performed by the authors (Hartling et al.

2010). These forms were further revised and tailored to the

current review. One reviewer extracted data (CN), but to

ensure accuracy and consistency of the process, a sample of

20% of the articles was randomly selected for extraction by a

second reviewer (AO). The data extracted by the two

reviewers were then compared, and no significant discrepan-

cies or errors were detected.

Analysis

The evidence was qualitatively reviewed with studies being

grouped by interventions and comparisons and summarised

according to the outcomes assessed according to Kirkpatrick

levels. Evidence tables detailing study characteristics (includ-

ing population, intervention, comparison, outcomes and

design), results and authors’ conclusions are provided. We

meta-analysed immediate and long-term knowledge scores.

Data were combined using weighted mean differences

(WMDs), inverse variance methods and random effects

models. Studies were grouped by design, and meta-analysis

was performed separately for randomised controlled trials

(RCTs) and non-randomised studies. For the purpose of this

analysis, long-term outcomes were defined as the latest

examination scores reported, provided the examination was

not given immediately after the teaching session. Those that

were given immediately following the teaching session were

designated as immediate knowledge score outcomes.

Heterogeneity was quantified using the I2 statistic; an I2

value of greater than 50% was considered substantial hetero-

geneity (Higgins & Thompson 2002; Higgins et al. 2003).

Knowledge scores were assessed using different scales (e.g. 0–

100, 0–7, etc.); we conducted sensitivity analyses using

standardised mean differences to account for this variability.

Analyses were conducted using RevMan 5.0 (The Cochrane

Collaboration, Copenhagen, Denmark). Results are reported

with 95% confidence intervals (CIs) and statistical significant

was set at p5 0.05.

Results

Figure 1 presents a flow diagram of the study selection

process. Eight hundred and fourteen studies were identified by

electronic database searches, and 193 studies were identified by

reference and hand searches. Of these 1007 studies, title and

abstract screening identified 220 potentially relevant studies

that warranted full-text review. Authors of included studies

Table 2. Search terms and strategy.

Health-related databases

Health trainee
education methods and ‘ARS’

exp Education/

or exp Educational Technology/

or ‘teaching method*’.mp.

or curriculum.mp.

or ‘instructional method*’.mp.

‘audience response system*’.mp.

or ‘classroom response system*’.mp.

or ‘wireless response system*’.mp.

or ‘electronic voting system*’

or ‘group response system*’

or ‘personal response system*’

or clicker*

or iclicker*

or ‘interactive voting system*’

or ‘student response system*’

Note: Limits: English language, human, 1970 to present.

Table 3. Search terms and strategy.

General databases

‘ARS’ and ‘Health professions’

‘audience response system*’.mp.

or ‘classroom response system*’.mp.

or ‘wireless response system*’.mp.

or ‘electronic voting system*’

or ‘group response system*’

or ‘personal response system*’

or clicker*

or iclicker*

or ‘interactive voting system*’

or ‘student response system*’

medic*

or nurs*

or ‘physical therap*’

or physician*

or health

or dentist*

or pharmac*

or ‘occupational therap*’

or doctor*

or dietitician*

or psychologist*

or clinic*

Note: Limits: English language, human, 1970 to present.

Table 1. Included online databases.

Health-related databases General databases

Medline (1950 to present) Physical Education Abstracts

EMBASE (1980 to present) SCOPUS (1823 to present)

PubMed (1950 to present) Web of Science (1956 to present)

CINAHL (1937to present) ERIC (1966 to present)

Cochrane Library (various

dates to present)

OpenSigle (various years to present)

Proquest Dissertations and Theses

(content dates vary to present)

Note: Databases – note that all searches were limited to 1970 to July 2010.

C. Nelson et al.
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were contacted by email, and this yielded six additional

studies giving a total of 1013 studies for review. Inclusion

criteria were applied to the full text of these 226 studies. As a

result, 21 studies met inclusion criteria for this review.

Among the included studies, nine were RCTs (Miller et al.

2003; Palmer et al. 2005; Pradhan et al. 2005; Duggan et al.

2007; Plant 2007; Elashvili et al. 2008; Rubio et al. 2008; Liu

et al. 2010; Moser et al. 2010), two were non-randomised

controlled trials (NRCTs) (Schackow et al. 2004; Patterson et al.

2010), two were prospective cohort studies (O’Brien et al.

2006; Stein et al. 2006) and eight were non-concurrent cohort

studies (Halloran 1995; Slain et al. 2004; Barbour 2008; Berry

2009; Cain et al. 2009; Doucet et al. 2009; Lymn & Mostyn

2009; Grimes et al. 2010).

Most of the studies were conducted in the United States (16

studies; Halloran 1995; Miller et al. 2003; Schackow et al. 2004;

Slain et al. 2004; Pradhan et al. 2005; O’Brien et al. 2006; Stein

et al. 2006; Plant 2007; Elashvili et al. 2008; Rubio et al. 2008;

Berry 2009; Cain et al. 2009; Grimes et al. 2010; Liu 2010;

Moser et al. 2010; Patterson et al. 2010) with the remainder

based in the United Kingdom (Barbour 2008; Lymn & Mostyn

2009), Australia (two studies; Palmer et al. 2005; Duggan et al.

2007) and Canada (Doucet et al. 2009). Thirteen of the 21

studies were concerned with undergraduate health professions

education including four studies in nursing (Halloran 1995;

Stein et al. 2006; Berry 2009; Patterson et al. 2010), three

studies in medicine (Palmer et al. 2005; Duggan et al. 2007;

Moser et al. 2010), two studies in dentistry (Barbour 2008;

Elashvili et al. 2008), two studies in pharmacy (Cain et al. 2009;

Liu et al. 2010) and two studies in veterinary medicine

(Plant 2007; Doucet et al. 2009). Three studies involved

medical residents (Palmer et al. 2005; Pradhan et al. 2005;

Rubio et al. 2008). Three studies involved graduate trainees,

two in pharmacy (Slain et al. 2004; Moser et al. 2010) and the

other in nursing (Grimes et al. 2010). Practicing professionals

were the subjects in two studies, one involving physicians

Table 4. Inclusion and exclusion criteria applied to potentially relevant studies to determine suitability for systematic review purposes.

Inclusion criteria Exclusion criteria

Population Medical students

Residents

Physicians

Nursing students/nurses

Pharmacy students/pharmacists

Dental students/dentists

Veterinary medicine

Trainees/veterinarians

Dietician trainees/dieticians

Clinical psychology trainees/Clinical psychologists

Other allied health professionals

Non-health professions trainees

Intervention Audience response in conjunction with:

Lectures

Workshops

Small group learning sessions

Clinical teaching

Videos

Other teaching sessions

Shadowing

Mentoring

Practice audits

Feedback alone

Comparator Any teaching method described under the inclusion criteria for

‘Intervention’ section without audience response.

Any ‘standard curriculum’ without audience response

Outcome

(Based on modified

Kirkpatrick’s 1967

model of hierarchical

outcomes)

Change in patients’ health

Change in behaviour

Inclusion of skill in clinical practice

Change in skills

OSCE scores

Observed assessment scores

Change in knowledge

Written exam scores

Change in attitudes/perceptions

Confidence self ratings

Comfort self ratings

Learner reaction

Satisfaction with teaching method

Satisfaction with instructor

Study type Comparative studies, which provide primary data for any of

the outcomes listed above, including the following designs:

Randomised controlled trials

Non-randomised control trials

Cohort studies

Controlled before and after studies

Interrupted time series

Other robust comparative studies

English language (Morrison et al. 2009)

Studies reporting on needs assessments for

audience response systems

Studies reporting the prevalence of audience

response systems

Opinion papers

Articles not in the English language

BEME Guide: Audience response systems

e389



(Miller et al. 2003) and the other nurses (Lymn & Mostyn 2009).

Several studies assessed more than one level of Kirkpatrick

learning outcomes. All 21 studies assessed change in knowl-

edge, and six studies assessed a change in learner reactions

(Miller et al. 2003; Slain et al. 2004; Duggan et al. 2007;

Elashvili et al. 2008; Cain et al. 2009; Doucet et al. 2009). One

of the studies assessed change in self-confidence (Doucet et al.

2009). None of the studies evaluated skills or patient

outcomes. In total, 2637 participants were involved in the

included studies.

Methodological quality and risk of bias of included
studies

The methodological quality of the studies varied, however

several weaknesses were common to particular designs. The

11 RCTs and NRCTs were assessed using the Cochrane Risk of

Bias tool. The randomisation process and allocation conceal-

ment were unclear in all nine randomised control trials (Miller

et al. 2003; Pradhan et al. 2005; Duggan et al. 2007; Plant 2007;

Palmer & Devitt 2007; Elashvili et al. 2008; Rubio et al. 2008;

Liu et al. 2010; Moser et al. 2010). Two trials were not

randomised (Schackow et al. 2004; Patterson et al. 2010). In

about half of the trials (Pradhan et al. 2005; Elashvili et al. 2008;

Rubio et al. 2008; Liu et al. 2010; Moser et al. 2010; Patterson

et al. 2010), outcome data were either incomplete or inade-

quately addressed. One trial (Moser et al. 2010) was found to

be at risk of selective outcome reporting. Eight trials (Miller

et al. 2003; Schackow et al. 2004; Pradhan et al. 2005; Duggan

et al. 2007; Plant 2007; Elashvili et al. 2008; Rubio et al. 2008;

Moser et al. 2010) did not present any baseline characteristics

of the groups being compared, and one trial reported general

baseline imbalance.

For the majority of prospective and non-concurrent cohorts

(Halloran 1995; Slain et al. 2004; O’Brien et al. 2006; Stein et al.

2006; Barbour 2008; Berry 2009; Cain et al. 2009; Doucet et al.

2009; Grimes et al. 2010), the exposed and non-exposed

groups were drawn from the same community, and the

learners were truly representative of the average participant in

the community. One non-concurrent cohort was not drawn

from the same community (Lymn & Mostyn 2009). However,

none of the studies took into account the comparability of

cohorts or controlled for potential confounders in the associ-

ation between intervention and outcomes (skills, knowledge

and confidence). All of the studies had a clear definition of the

outcome, and reported outcomes were based on record

linkage. Three studies provided no statement regarding

completeness of follow-up (Stein et al. 2006; Barbour 2008;

Lymn & Mostyn 2009). One study had less than 10% of its

subjects lost, and this small loss is unlikely to introduce bias

(Slain et al. 2004). One study did not have adequate follow-up

of participants, as its loss to follow-up rate was greater than

10% of study participants and there was an incomplete

description of those lost (Doucet et al. 2009). Further detailed

results of the assessments of methodological quality are

available from the authors on request.

Characteristics of included studies

Table 5 provides a summary of the interventions, comparators,

outcomes measured and main findings of all included studies.

All studies reported knowledge as an outcome, one reported

learner self-confidence (Doucet et al. 2009) and six reported

learner reaction (Miller et al. 2003; Slain et al. 2004; Duggan

et al. 2007; Elashvili et al. 2008; Cain et al. 2009; Doucet et al.

2009). Tables 6 and 7 detail the characteristics and results of all

included studies. The following provides a narrative overview

of the results grouped according to educational outcome.

Knowledge. All 21 studies, involving 2637 participants, com-

pared knowledge-based learning outcomes between ARS

lectures vs. traditional lectures (20 studies) and ARS tutorial

Figure 1. Flow diagram of included studies.
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vs. traditional tutorial (one study). Fourteen studies reported a

statistically significant difference in at least one knowledge

assessment score in favour of ARS. In terms of the magnitudes

of difference, of the studies with statistically significant

differences, five reported a difference of at least 10% in

knowledge assessment scores favouring the ARS group. Of

these five studies, three were RCTs (n¼ 22, n¼ 77 and n¼ 17;

Pradhan et al. 2005; Rubio et al. 2008; Elashvili et al. 2008), one

was an NRCT (n¼ 24; Schackow et al. 2004) and one was a

non-concurrent cohort (n¼ 131). The subjects of these studies

were medical residents (three studies Schackow et al. 2004;

Pradhan et al. 2005; Rubio et al. 2008;), undergraduate dental

students (one study; Elashvili et al. 2008) and graduate

pharmacy students (one study; Slain et al. 2004).

Interestingly, there were only three studies (Palmer et al.

2005; Pradhan et al. 2005; Rubio et al. 2008) in the review with

medical resident participants and all three showed a greater

than 10% increase in knowledge assessment scores using ARS.

Six studies reported a statistically significant difference in

knowledge assessment scores of at least 5% in favour of the

ARS group. There were three RCTs (n¼ 179, n¼ 102 and

n¼ 86; Palmer et al. 2005; Liu et al. 2010; Moser et al. 2010)

and three non-concurrent cohort studies (n¼ 88, n¼ 66 and

n¼ 254; Cain et al. 2009; Lymn & Mostyn 2009; Grimes et al.

2010). The participants varied, including undergraduate

pharmacy students (two studies; Cain et al. 2009; Liu et al.

2010), undergraduate medical students (one study; Palmer

et al. 2005), graduate nursing students (one study; Grimes et al.

2010), graduate pharmacy students (one study; Moser et al.

2010) and health professionals (one study; Lymn & Mostyn

2009).

Three studies reported a statistically significant difference in

knowledge assessment scores that was less than 5% favouring

ARS. Two of these were non-concurrent cohort studies

(n¼ 126 and n¼ 169; Berry 2009; Doucet et al. 2009) and

one was a prospective cohort study (n¼ 148; O’Brien et al.

2006). These studies involved participants from undergraduate

nursing (one study; Berry 2009), undergraduate medicine (one

study; O’Brien et al. 2006) and undergraduate veterinary

medicine (one study) programs (Doucet et al. 2009).

Seven studies reported no statistically significant difference

in any knowledge assessment measure. Three of these studies

were RCTs (n¼ 283, n¼ 55 and n¼ 20; Miller et al. 2003;

Duggan et al. 2007; Plant 2007), one was an NRCT (n¼ 70;

Patterson et al. 2010), two were non-concurrent cohort studies

(n¼ 28 and n¼ 142; Halloran 1995; Barbour 2008) and one

was a prospective cohort (n¼ 283; Stein et al. 2006). Of the

seven studies showing no significant difference, participants

from undergraduate nursing (three studies; Halloran 1995;

Stein et al. 2006; Patterson et al. 2010), undergraduate dentistry

Table 5. Summary of findings.

Outcome Intervention Comparator

Findings: Any
significant
difference

Study Design and
Number of

Participants Enrolled

55% 5–10% 410%

Knowledge Lecture with ARS Traditional non-interactive lecture Favours ARS 1 RCT (n¼ 22)

No difference 1 RCT (n¼ 127)

Favours ARS 1 RCT (n¼ 77)

No difference 1 RCT (n¼ 20)

Favours ARS 1 RCT (n¼ 17)

Favours ARS 1 NRCT (n¼24)

Traditional interactive lecture No difference 1 RCT (n¼ 283)

Favours ARS 1 RCT (n¼ 179)

Favours ARS 1 RCT (n¼ 86)

No difference 1 NRCT (n¼70)

No difference 1 NCC (n¼28)

Favours ARS 1 NCC (n¼254*)

Favours ARS 3 NCC (n¼131, n¼141

and n¼ 131)

Favours ARS 1 NCC (n¼169)

No difference 1 NCC (n¼142)

Favours ARS 1 NCC (n¼126)

Favours ARS 1 Prospective cohort (n¼ 148)

Lecture, unknown interaction Favours ARS 1 NCC (n¼88)

Favours ARS 1 NCC (n¼66*)

No difference 1 Prospective cohort (n¼ 283)

Tutorial with ARS Standard tutorial (interactive) Favours ARS 1 RCT (n¼ 102)

Self-confidence Lecture with ARS Traditional interactive lecture Favours ARS 1 NCC (n¼169)

Reaction Lecture with ARS Traditional non-interactive lecture Mixed 1 RCT (n¼ 127)

Favours ARS 1 RCT (n¼ 77)

Traditional interactive lecture Favours ARS 1 NCC (n¼254*)

Favours ARS 3 NCC (n¼131, n¼141,

n¼131)

Favours ARS 1 NCC (n¼169)

Favours ARS 1 RCT (n¼ 283)

Notes: ARS¼ audience response system; RCT¼ randomised controlled trial; NRCT¼ non-randomised controlled trial; NCC¼ non-concurrent cohort.

*The exact number of participants enrolled in the study was not reported.
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(one study; Barbour 2008), undergraduate veterinary medicine

(one study; Plant 2007), undergraduate medicine (one study;

Duggan et al. 2007) and practicing professionals (one study;

Miller et al. 2003) were involved.

The effect of ARS on short- and long-term knowledge

assessment scores was examined. Nine studies examined

scores from tests, quizzes or questionnaires that immediately

followed exposure to ARS (Miller et al. 2003; Schackow et al.

2004; Palmer et al. 2005; Duggan et al. 2007; Plant 2007;

Elashvili et al. 2008; Rubio et al. 2008; Liu et al. 2010; Moser

et al. 2010). The range of number of immediate knowledge

assessments performed in each of these studies was one to

two. Four studies (Schackow et al. 2004; Elashvili et al. 2008;

Rubio et al. 2008; Moser et al. 2010) reported a significant

difference in at least one knowledge assessment score

favouring ARS lectures, four (Miller et al. 2003; Palmer et al.

2005; Duggan et al. 2007; Plant 2007) reported no difference

and one (Liu et al. 2010) reported immediate quiz scores

favouring traditional lectures, but this difference did not extend

to the long-term scores in this study.

Eighteen studies reported long-term knowledge assessment

scores (at least one month later) from quizzes, tests, unit

exams, final exams, class averages or overall grade point

averages. The range of number of long-term knowledge

assessments performed in each of these studies was one to

three. Of these 18 studies, eight (Schackow et al. 2004; Slain

et al. 2004; Palmer et al. 2005; Pradhan et al. 2005; Rubio et al.

2008; Cain et al. 2009; Grimes et al. 2010; Moser et al. 2010)

reported a significant difference in at least one knowledge

assessment score favouring ARS. The other 10 studies

(Halloran 1995; O’Brien et al. 2006; Duggan et al. 2007; Plant

2007; Barbour 2008; Elashvili et al. 2008; Berry 2009; Doucet

et al. 2009; Liu et al. 2010; Patterson et al. 2010) reported no

difference in any score. There were no long-term knowledge

assessment scores that significantly favoured traditional

teaching.

Comparison group. A difference in knowledge assessment

scores can have as much to do with the comparator group as

with the intervention group. In order to better understand the

impact of ARS on knowledge-based scores, the comparator

groups were also analysed. As part of the data extraction,

comparator groups were divided into interactive vs. non-

interactive categories. An interactive comparator was defined

as one where any similar questions were asked or any

attempted interaction was observed. Six of the 21 studies

compared ARS lectures with traditional lectures that were not

interactive (Schackow et al. 2004; Pradhan et al. 2005; Duggan

et al. 2007; Plant 2007; Elashvili et al. 2008; Rubio et al. 2008).

Of these six studies, four reported a statistically significant

difference in knowledge assessment scores favouring ARS and

the difference in all four studies was 10% or greater

(Schackow et al. 2004; Pradhan et al. 2005;

Elashvili et al. 2008; Rubio et al. 2008). Eleven of the 21

studies compared ARS lectures (10 studies; Halloran 1995;

Miller et al. 2003; Slain et al. 2004; Barbour 2008; Berry 2009;

Cain et al. 2009; Doucet et al. 2009; Liu et al. 2010; Moser et al.

2010; Patterson et al. 2010) and tutorials (one study; Doucet

et al. 2009) with traditional lectures/tutorials that were

interactive. Seven of the 11 studies (Slain et al. 2004; O’Brien

et al. 2006; Elashvili et al. 2008; Berry 2009; Cain et al. 2009;

Doucet et al. 2009; Liu et al. 2010) reported a statistically

significant difference in knowledge assessment scores. Of

these seven studies, only one (Slain et al. 2004) reported a

statistically significant increase of 10% or greater. Three studies

did not make clear the level of interaction of the comparator.

Two of these studies (Lymn & Mostyn 2009; Grimes et al. 2010)

favoured ARS, while one (Stein et al. 2006) reported no

difference in knowledge assessment scores. Thus, while ARS

can increase knowledge-based scores, the greatest effect is

seen when they are compared to non-interactive lectures.

Meta-analysis. Meta-analyses were performed for immediate

and long-term knowledge outcomes. The results are shown in

Figures 2 and 3, respectively. The RCTs showed no significant

difference between groups in either immediate (WMD; 4.53,

95% CI �0.68, 9.74, n¼ 8) or long-term (WMD 1.36, 95% CI

�3.77, 6.50, n¼ 6) knowledge scores. The non-randomised

studies demonstrated a significant difference favouring ARS for

both immediate (WMD 4.57, 95% CI 1.47, 7.67, n¼ 10) and

long-term (WMD 35, 95% CI 26.4, 43.6, n¼ 1) knowledge

scores; however, the latter analysis was based on only one

study. Statistical heterogeneity was high in all groups with I2

values ranging from 70% to 89%. There was substantial

variation between studies that may contribute to the statistical

heterogeneity observed; this includes differences in character-

istics of the participants (e.g. professional groups, undergrad-

uate vs. other), content of the lectures, comparison groups (i.e.

interactive vs. non-interactive comparators), individuals deliv-

ering the lectures, methods and time points for outcome

assessment, as well as other study design features (e.g.

concurrent vs. non-concurrent controls).

We conducted sensitivity analyses using standardised mean

differences to account for the variation in total scores used

across studies. The patterns were similar to results based on

WMDs with the RCTs showing no significant differences and

the non-randomised studies showing significant differences of

similar magnitude for both immediate and long-term knowl-

edge scores (data not shown; available from authors on

request).

Student self-confidence and learner reaction. One non-

concurrent cohort (n¼ 169; Doucet et al. 2009) involving

undergraduate veterinary medicine students compared stu-

dents’ self-confidence in skills relating to clinical pharmacol-

ogy after ARS and traditional instruction. The study favoured

ARS lectures with self-confidence in three of six skills

categories rated significantly higher by ARS participants. The

other three skill categories showed no significant difference in

self-confidence between ARS and traditional lecture cohorts.

Six studies involving 1236 participants compared learner

reactions to the ARS enhanced teaching sessions and tradi-

tional teaching sessions. Three of the six studies were non-

concurrent cohort studies (Slain et al. 2004; Cain et al. 2009;

Doucet et al. 2009), whereas the other three were RCTs (Miller

et al. 2003; Duggan et al. 2007; Elashvili et al. 2008). One of

these studies (non-concurrent cohort; Slain et al. 2004),

examined student reaction in three separate courses
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(n¼ 131, n¼ 141 and n¼ 131). All three of these comparator

courses favoured the ARS group. In one RCT (n¼ 127; Duggan

et al. 2007), the same class completed evaluations at different

times. This study had mixed results in that it favoured an ARS

lecture with one teacher and favoured a traditional lecture with

another teacher. Two other non-concurrent cohort studies

(n¼ 254 and n¼ 169; Cain et al. 2009; Doucet et al. 2009) and

two RCTs (n¼ 283 and n¼ 77; Miller et al. 2003; Elashvili et al.

2008) reported student reaction that favoured the ARS. Overall,

five of the six studies reported favourable learner reaction to

ARS, and one study reported mixed results.

Discussion

This systematic review examined the effect of ARS on learning

outcomes in health professions education. The results show

some modest beneficial to neutral effects of ARS in terms of

increased knowledge and self-confidence, as well as positive

learner reactions. These results are reassuring for health

professions educators concerned that ARS will negatively

impact student achievement.

Twenty-one studies were included in the analysis and 14 of

these reported statistically significant differences in favour of

ARS groups over comparators in terms of knowledge scores.

Five studies (Schackow et al. 2004; Slain et al. 2004; Pradhan

et al. 2005; Elashvili et al. 2008; Rubio et al. 2008) demon-

strated an increase of at least a 10% in knowledge assessment

scores for the ARS group, an additional six studies (Palmer

et al. 2005; Cain et al. 2009; Lymn & Mostyn 2009; Grimes et al.

2010; Liu et al. 2010; Moser et al. 2010) reported an increase of

at least 5%, and three studies (Barbour 2008; Berry 2009;

Doucet et al. 2009) reported increases of less than 5%. Only

one study (Palmer et al. 2005) favoured a traditional lecture

format over ARS with a statistically significant difference in

scores on an immediate post-lecture quiz. However, this study

reported results that favoured ARS lectures in the delayed quiz

and in their analysis of knowledge retention. Thus, the effect of

ARS on combined test scores was reported as favouring ARS.

The authors in this study hypothesised that the findings in

favour of the traditional lecture for the early quiz were due to

the students’ initial unfamiliarity with ARS technology.

Although a number of studies reported no statistically signif-

icant difference in scores, there were no studies that reported a

negative impact on knowledge-based outcome scores.

The results of our meta-analysis provide additional insights

into the impact of ARS on knowledge outcomes. While the

results were heterogeneous, the pooled results provide an

estimate of the potential impact that ARS can have on

knowledge scores. The difference for immediate knowledge

showed a difference of approximately 4.5% on test scores. The

magnitude of effect may be more or less depending on a

number of factors, in particular, the intervention against which

the ARS is compared. Through our qualitative analysis, we

found that studies where ARS was compared against interac-

tive teaching modalities showed less impact on knowledge

outcomes than those that had a non-interactive comparison.

Our meta-analysis also demonstrated that the magnitude of

effect and statistical significance are tempered by study design:

the pooled results were not significant for RCTs but were

significant for the non-randomised studies. This was particu-

larly apparent for the longer term outcomes where there was

no difference among the RCTs but a substantial difference for

non-randomised studies, although only one study was

included; hence, we cannot make firm conclusions regarding

the impact of ARS on longer term knowledge retention.

Our findings suggest that the non-randomised studies may

overestimate the benefits of ARS due to methodological

limitations inherent in these designs. In particular, our quality

assessment highlights that many of non-randomised studies

did not control for potential confounders or baseline imbal-

ances between study groups. Future research should use

randomised methods; by controlling for both known and

unknown confounders between study groups, randomised

studies yield less biased estimates of effect.

One non-concurrent cohort (Doucet et al. 2009) reported

the self-confidence of undergraduate veterinary medicine

students in clinical pharmacology. The study favoured ARS

lectures; however, this single study makes it difficult to

generalise these findings to other areas of education.

In terms of learner reaction, five of six studies favoured ARS

lectures. As this systematic review included only comparative

data, many studies that reported non-comparative student

reaction were excluded. The following were three common

themes noted in the review of the learner reaction data: ARS

lectures were of a higher quality, they led to increased

interaction and they were more enjoyable. These findings are

consistent with studies that have been published describing

the use of ARS in other teaching contexts (Roschelle et al.

2004; Fies & Marshall 2006; Caldwell 2007). It should be noted

that for nearly all studies, ARS were novel learning tools for the

students. As other authors have suggested (Caldwell 2007)

some of the positive effects seen may be due to the novelty of

the ARS where ‘special treatment causes the improvement

rather than the use of clickers’. However, this effect is difficult

to assess as longer term studies have not been reported.

The current review highlights one of the caveats in

interpreting this body of evidence, that is, the fact that different

comparison groups were used across relevant studies. To

explore the possibility of different results depending on the

comparison group used, we conducted sub-group analyses to

examine results of studies with interactive versus non-

interactive comparators. The greatest effects on knowledge

scores were seen when ARS was compared to non-interactive

lectures; the differences between groups were less pro-

nounced when non-interactive comparators were excluded.

These results suggest that the positive effects of ARS on

knowledge outcomes may also be produced by other inter-

active lecture styles or interactive modalities. These findings

support previous studies that have hypothesised that increased

interaction, rather than the actual technology, may be the

mechanism by which ARS positively affects student achieve-

ment (Poulis et al. 1998; Caldwell 2007).

Overall, the previous reviews of ARS do not include or

examine the use and impact of ARS in health professions

education thoroughly nor do they systematically report the

impact of the ARS on learning outcomes. The use of ARS

among clinical trainees and health professionals presents a

distinct work-based clinical context and has not been
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previously reported with similar rigour or in similar detail. For

example, this is the first review to include studies of ARS in

continuing professional learning. It is also the first review to

explore the impact of interactive versus non-interactive

comparators. Furthermore, it is the first to pool data in order

to quantify the potential magnitude of effect of ARS.

In terms of limitations, inclusion bias was minimised by

prospectively establishing the search strategy and by having

two authors screen all potential studies, maximising the

likelihood that this review is inclusive of all relevant studies.

However, this review is limited by the methodological quality

of included studies. Most of the studies were at a high risk of

bias due to inadequate blinding of participants and/or

outcome assessors. In addition, many included trials presented

outcome data that was not complete or not clearly described.

Either of these flaws may result in an error when estimating the

intervention’s effects. Similarly, few cohorts accounted for

differences in learning style or level of education. Randomised

trials provide a less biased comparison as the randomisation

process theoretically distributes both known and unknown

confounders equally between groups. We found that the

magnitude of effect was smaller for randomised trials com-

pared to non-randomised studies. Future research should aim

to employ randomised methods or account for potential

confounders in order to avoid overestimates of intervention

effects.

Another limitation of this body of evidence is that only one

study (Duggan et al. 2007) provided power calculations.

Without these calculations, it is not possible to determine if

observations of no difference between the interventions being

compared represents actual equivalence or simply points to

insufficient statistical power (i.e. type II errors). We recom-

mend that researchers conduct sample size calculations in

future studies in order to allow for more meaningful conclu-

sions to be drawn.

The review is also limited by weaknesses inherent to the

field of investigation, many of which have been previously

discussed. For example, Schmidt et al. (1987) outlined the

difficulty controlling for extraneous variables that may affect

outcomes, particularly in studies that extend over a period of

time. The authors have also detailed the struggle involved in

identifying and isolating the relative contributions of different

curricular components that may affect outcomes (Schmidt et al.

1987; Schmidt et al. 1996; Tamblyn et al. 2005). In addition,

existing outcomes and measurement tools may ineffectively

assess important areas of health professionals’ competence

(Berkson 1993; Vernon & Blake 1993; Distlehorst et al. 2005).

This is particularly relevant to the current review as the

majority of data reported focused on the lower Kirkpatrick

level outcomes of knowledge scores and learner reaction.

Finally, with the heterogeneity of populations, designs,

interventions, comparators and outcomes measured the find-

ings cannot be easily generalised to health professions trainees

of all levels or differing education settings. However, this

review is the most comprehensive evaluation of studies

pertaining to health professions in the literature and allows

findings on ARS to be extended to the postgraduate and

continuing professional education realms.

Conclusions

This review provides a comprehensive synthesis of the

evidence to guide health professions educators regarding

the implementation and use of ARS in this distinctive

setting. Although causal relationships cannot be determined

from this review, there were a number of interesting and

novel findings. ARS did not have a consistent negative

impact on student achievement in any setting or compared

to any other group. However, only a few studies demon-

strated large increases in knowledge scores, and these were

primarily non-randomised studies that compared ARS to

non-interactive teaching strategies. On further examination

of the studies, comparisons of interactive teaching session

to ARS lectures/tutorials revealed smaller differences favour-

ing ARS lectures. A number of studies reported no

difference in student achievement. Short-term and long-

term knowledge assessment scores were affected similarly.

This review also revealed an interesting trend in that all

three studies examining medical residents reported a large

increase in knowledge assessment scores compared to non-

interactive lectures. One may hypothesise that in settings,

such as medical residencies, where sleep deprivation and

subsequent difficulties with attention are common and well

documented, the ability of ARS to enhance learner inter-

activity may be even more beneficial, although further

study is required.

Many health professions educators feel that the expenditure

of money and time are worthwhile only if a new teaching

intervention substantially impacts measurable learning out-

comes. The results of this review indicate that ARS may

produce improved short-term and long-term knowledge out-

comes. Although ARS is not the only solution for lecturers who

struggle with student engagement and poor learning out-

comes, it does provide a convenient way for educators to

create an interactive teaching environment. However, educa-

tion programmes that already consistently use an interactive

style of lecturing may not see a significant increase in

knowledge scores with the implementation of an ARS. The

most telling result in this review is the finding that non-

randomised study designs produced more strongly positive

results in favour of ARS than the higher quality randomised

studies, whereas smaller if any differences in learning

outcomes were seen with ARS. This in itself is a very important

result that reinforces the need for curriculum planners to

demand more rigorous studies prior to implementing new

teaching strategies and reinforces the importance of systematic

evaluations of the literature on common curricular interven-

tions in medical education.
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