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Abstract
Online educational interventions are increasingly developed for health professionals and students, although graduate and undergraduate medical curricular often contain limited information about how to assess and manage pain.  This study reviews the literature on the effectiveness of pain-related online educational resources.  Studies were identified via a search of Medline, PsychINFO, Web of Science, CINAHL, PubMed, Scopus, Cochrane Library, Google Scholar and OpenGrey databases.  Search terms included three concept blocks: (i) type of intervention - online education, computer-based, e-learning, web-based, and internet-based; (ii) population – pediatrician, physician, nurse, psychologist, medical; (iii) outcome - pain*.  Thirty-two studies (13 randomised controlled trials, 5 non-randomised controlled trials, 14 single-group pre-post studies) were included.  Ten provided data for inclusion in a series of between-groups meta-analyses.  Post-intervention, participants receiving online instruction had significantly greater knowledge compared to those receiving training as usual/alternative training (Hedges’ g = 0.80, 95% CI: 0.12, 1.49), and students had significantly greater skills compared to students receiving training as usual (g = 1.34, CI: 0.38, 2.30).  No significant differences were found for confidence/competence (g = 0.02, CI: -0.79. 0.84) or attitudes/beliefs (g = 0.16, CI: -0.48, 0.79).  Although online educational resources show promise in improving learner knowledge, considerable heterogeneity exists between studies in quality, design, educational content, and outcomes.  Further methodologically robust RCTs are required to establish the effectiveness of online educational interventions and a greater understanding of the key features of successful online resources, including cognitive interactivity.  Few studies assessed health outcomes for patients, remaining a major priority for future investigations.


The effectiveness of online pain resources for health professionals: a systematic review with subset meta-analysis of educational intervention studies
Pain, particularly when it is chronic, is a significant clinical problem for both children and adults [23; 48; 54].  Despite its high prevalence and the considerable individual suffering and societal cost associated with it [8; 9], graduate and undergraduate medical curricular contain limited information about how to assess and manage pain [10; 59].  The situation is similar in the training of other health care professionals, and only at specialty level the topic is covered in sufficient depth and breadth [1].  To address this gap there has recently been a proliferation of online resources that address specific pain types (acute, chronic, end of life), populations (children, adults) or more generic topics (assessment).  It is unclear, however, how effective these resources are and what features enhance their effectiveness.
In a meta-analysis of internet-based instruction for health professions learners internet-based learning was associated with large positive effects for knowledge outcomes, skills, learner behaviours and patient effects compared with no intervention, but was similarly effective to traditional teaching methods for knowledge, satisfaction and skills [19].  Studies that have explored factors affecting the experience and success of online learning (e.g., [13; 15; 64; 68]), have focused largely on learner characteristics.  Nevertheless, factors such as interactivity, flexibility, and course design have been advocated as important on learning outcomes and retention [37; 83].  The aim of the present study was to review the literature pertaining to pain-related online educational resources for health professionals and ascertain their effectiveness on knowledge, confidence/competence, attitudes/beliefs, skills, and clinical practice outcomes, along with features that may enhance it.
Method
PRISMA guidelines were followed [61] and the protocol [53] was registered on PROSPERO (CRD42017059619) [71].
Literature Search
Studies were identified via a search of Medline, PsychINFO, CINAHL (title, subject terms, abstract) Web of Science (title), PubMed (title/abstract), Scopus (title, abstract), and Cochrane Library databases (Title/Abstract/Keywords).  The grey literature was searched via Google Scholar (title) OpenGrey (main search field), and the reference lists of included studies.  Search terms included three concept blocks: (i) type of intervention - online education, computer-based, e-learning, web-based, and internet-based; (ii) population – pediatrician, physician, nurse, psychologist, medical, (iii) outcome - pain* (full details are provided in Supplementary Material 1).  Searches were made between 1st January 1995 and 31st May 2017 (by 1995 the internet had become privatized and commercialized with navigation easier via the growing use of graphical browsers [81]).  An anonymous reviewer suggested adding several terms to the population concept block (physiotherapy, occupational therapy, interprofessional, chiropractor, osteopath and health profession).  An additional search was therefore conducted, with all other parameters remaining the same.  Two additional studies were found and added to the review [7; 76], which are classified as ‘Additional records identified through other sources’ in the PRISMA flow diagram (Figure 1).  Search results are references were transferred into the digital reference manager Endnote X7, which were then scanned for duplication using an automated search engine within the software.  All titles and abstracts were then screened independently by two review authors (AF and DS) to identify potentially eligible studies.  The full text of these potentially eligible studies were then retrieved and assessed for eligibility independently by the same two authors.  Disagreements at any stage were resolved via discussion with a third author (CL).
Inclusion Criteria
Studies were required to meet the following criteria to be included in the review:
1. Available in English language.
2. Used an Internet-based system for training and evaluating outcomes of online pain education material on one or more of the following outcomes of interest: a) knowledge, b) skills, c) attitudes/beliefs, d) clinical practice, e) health outcomes for patients.
3. Included a sample of health professionals at any stage of practice and/or medical students at any stage of training.
In order to provide as comprehensive review of the literature as possible, randomised and non-randomised controlled trials and also single-group pre-post studies were included.
Studies were excluded if they i) reported no outcomes of interest, ii) reported satisfaction or feasibility of the intervention only, iii) used a single-group post-test only design, iv) evaluated a computer intervention that resided only on the client computer or CD-ROM, or v) made use of the Internet for administrative or secretarial purposes only.  In order to provide as comprehensive review of the literature as possible, randomised and non-randomised controlled trials and also single-group pre-post studies were included.
Data Extraction
	Data from eligible studies were extracted into standardized, pre-piloted forms (developed by CL and DS) by one member of the research team (DS), which were subsequently checked for accuracy by another member of the team (CL).  For inclusion in the analyses studies had to provide data pertaining to, or enabling the calculation of, effect sizes and standard deviations.  Study authors were contacted with requests for missing information pertaining to analyses or quality judgements.
Study Quality Assessment
	The quality of randomised and non-randomised controlled trials were assessed using the Cochrane Risk of Bias tool [39] on domains assessing selection bias (random sequence generation, allocation concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias (incomplete outcome data), and reporting bias (selective reporting).  The tool was operationalised as intended by the Cochrane Collaboration [39; 40], which involved rating each study as having  low, high or unclear risk of bias on each of the six domains.  Support for each judgment included a comment and, where application, a quote from the published report.  Two authors (DS and AF) independently performed the risk of bias assessment (Kappa = .874), with any disagreements resolved by discussion where necessary with a third author (CL) (Table S1).
Single-group pre-post studies were assessed using the Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control Group [63] with minor modifications to wording to improve applicability to the present review (e.g., simplifying references to ‘test/service/intervention’ to ‘intervention’).  The tool includes 12 items phrased as yes/no questions chosen to help reviewers assess the internal validity of a study.  Items relate to the study question, eligibility criteria and study population, representativeness of study participants to the population of interest, enrolment of all eligible participants, sample size, description of intervention, outcome measures used, blinding of outcome assessors, follow-up rate, statistical methods, number of post-intervention tests, and use of group-level statistical analyses for individual-level data.  The tool was operationalised as intended by National Institutes of Health [63], which involved answering each item as ‘yes’, ‘no’, ‘not reported’, ‘not applicable’ or ‘cannot determine’.  A comment was provided as support for each ‘yes’/’no’ judgement made.  Two authors (DS and AF) independently performed the assessment (Kappa = .949), with any disagreements resolved by discussion where necessary with a third author (CL) (Table S2).
According to the GRADE (Grading of Recommendations Assessment, Development and Evaluation) working group, if the total number of participants in a systemic review is less than that required for a single adequately powered study of the intervention (a threshold known as the optimal information size) the quality of evidence may be downgraded [31].  A power calculation was therefore conducted in GPower [26] using conventional statistical parameters. A two-tailed test was conducted as these are much more common in scientific research than one-tailed tests [27].  Cohen [16] proposed benchmarks for small (d = .3), medium (d = .5) and large (d = .8) effect sizes.  A medium effect size (d = .50) [16] was selected as a conservative estimate based on these benchmarks, and also following a preliminary review of the relevant literature (specifying an effect size is typically the most difficult part of performing a power analysis [17]).  A power level of .80 was entered as it has been recommended researchers should aim for sample sizes providing at least this level of power [16].  An alpha of .05 was entered as this is a commonly used, albeit arbitrary, cut-off point for testing statistical significance [62; 88].
Meta-Analytic Procedures
	Data was analysed where possible for knowledge, confidence/competence, attitudes/beliefs, skills, and clinical practice outcomes.  Confidence/competence was not a planned analysis, but was identified as an outcome after obtaining and reading the eligible studies included in the review.  There was insufficient data to meta-analyse health outcomes for patients as we had initially intended.  A description of each outcome variable (adapted from [19]) is provided in Table S3.  Between-groups analyses examined differences between health professionals/medical students receiving online training versus no training, and online training versus training as usual/alternate training interventions.  Within-groups analyses examined differences between pre- and post-test outcomes for participants receiving online training.
	Between-groups analyses.  Hedges’ adjusted g effect sizes (standardized mean difference) for between-group comparisons were computed using group means and standard deviations in Review Manager 5.3 [75].  A random-effects model was used, which assumes the average effect size varies between studies, and therefore heterogeneity is to be expected [5; 6].  Although random-effects models have less statistical power than fixed-effects models, their use is advocated as results may be generalised to similar studies not included in the actual analysis [6; 78].  Cochrane’s Q and the I² statistic were used to assess study heterogeneity.  With Cochrane’s Q, a significant result is indicative of heterogeneity.  The I² statistic describes the percentage of variability in effect estimates due to heterogeneity as opposed to sampling error [40].
 	Within-groups analyses.  Cohen’s d effect sizes were computed for pre- versus post-test comparisons based on study means and the average standard deviations [20; 49].  A random-effects model was used to compute average effect sizes using ESCI [20].  An unbiased estimate of the population effect size, referred to as dunb, was calculated [20].  As d overestimates the population effect size, especially for smaller sample sizes, the adjustment is advocated [20; 21; 38].  A positive effect indicates higher post-test scores, whereas a negative score indicates higher pre-test scores.  Cochrane’s Q and the I² statistic were used to assess study heterogeneity.
Moderators of intervention outcomes and funnel plots. Where data from 10 or more studies was available [40] meta-regression was performed [55] to examine whether cognitive interactivity ratings, length of time, duration, and number of sessions were predictive of effect size.  Each moderator was included as a binary predictor variable (i.e., interactivity - lower/higher; length of time and duration – shorter/longer; number of sessions – single session/multiple sessions) [27].  Similarly, small study effects were assessed via funnel plots for analyses including ten or more studies [40] (Figure S1).
Methodological Decisions
Methodological decisions pertaining to the meta-analyses are described in Supplementary Material 2.
Results
Search Results
The literature search and study selection process is shown in Figure 1.  From an initial identification of 3248 records, 32 studies meeting the inclusion criteria were retained for the review, of which 24 provided data for inclusion in the subset meta-analyses.  Fourteen studies had a single-group pre-post design, and 18 were classified as randomised or non-randomised control trial (13 and 5 studies respectively).  A description of each study is provided in Table S4, and a description of the education intervention used in Table S5.  The most common reason for record exclusion was that the study only discussed the development or rationale for online education, or provided no data on relevant outcomes.  Additional but less common reasons included the fact that the intervention did not explore online education for pain education material specifically, the intervention was not provided online, or that full results were not provided in English.
Narrative Review
Summary of Identified Studies
Thirty-two studies met the eligibility criteria for this review.  Eighteen were conducted in the USA and the remaining in Canada, Brazil, the UK, Finland, the Netherlands, Italy, Germany, Spain, Hong Kong and Australia.  The majority of studies did not report sufficient details on the intervention development team or the precise roles performed by different members.  Most interventions were designed for qualified physicians/clinicians, although nine were designed specifically for medical students.  Adult pain was most commonly covered in the educational materials.  Only six studies reported covering paediatric pain specifically, and two studies reported covering both adult and paediatric pain.  Thirteen studies did not explicitly state whether their educational materials covered adult or paediatric pain however, although careful reading suggests adult pain was covered in all of these (with one also covering paediatric pain).  Failure to provide key details such as this is a significant problem however [43].
Considering specific topics, nine studies focused on chronic pain specifically, five studies acute pain, seven studies palliative care, with the remainder less specific (e.g., covering pain management or pain assessment generally).  Ten studies provided details on the intervention learning outcomes in the report.  Interventions varied widely in their contents and structure, although most featured a single module/course which required 60 minutes or more to complete, and could be accessed across multiple sessions/log-ins.  Twelve studies were rated as possessing higher levels of cognitive interactivity, with the remaining rated as having lower levels.  The software used to develop the interventions were described in eight studies only.  Ten studies provided a URL for the intervention, although four of these were no longer accessible at the time of writing this report (September 2017).
Methodological Quality
The risk of bias ratings for randomised and non-randomised controlled trials (Table S1) showed nine out of seventeen studies to have a high risk of bias for ‘random sequence generation’ as they did not report randomising participants to intervention or control groups.  Only four studies had a low risk of bias for ‘allocation concealment’, whereby the randomisation method likely ensuring allocation concealment.  All studies were considered to have a low risk of bias for ‘blinding of participants and personnel’.  It was impractical in the majority of cases for participants and personnel to be blinded to condition, but also unlikely that outcomes would be influenced by this.  All but two studies were also rated as having a low risk of bias for ‘blinding of outcome assessment’.  Either the outcome assessor was blinded to the participant’s condition, or the outcome was based on self-report data/medical documentation and therefore unlikely to be influenced by assessor knowledge of group.  The remaining two studies were rated as having an unclear risk of bias as the outcome measures used were scored by the assessor who was not blinded to group.  Ratings for ‘Incomplete outcome data’ were the most diverse.  Nine studies were rated as having a low risk of bias as either no attrition was reported, or attrition appeared balanced across groups or an intent-to-treat analysis was performed.  Four studies were rated as having a high risk of bias as data did either not appear missing at random or intent-to-treat analysis was not performed.  The remaining studies were rated as having an unclear risk of bias due to lack of detail.  All studies were considered to have a low risk of bias for ‘selective reporting’ as all pre-specified outcomes were discussed in the reports.
Considering methodological quality assessments for pre-post group interventions (Table S2), all studies stated the study question or objective, and where applicable stated eligibility criteria.  All but one study recruited participants representative of the intended intervention target audience, although only four enrolled all eligible participants who met the pre-specified entry criteria.  The intervention was clearly described and delivered consistently in eleven studies, and eleven studies also reported all relevant p-values.  A number of notable limitations were apparent however.  None of the studies provided a power calculation which would provide confidence that a large enough sample had been recruited, and ten did not report psychometric properties of the outcome measures used.  It was only clear in three studies that no attrition had occurred, and three studies reported attrition greater than 20%.  In the remainder it was either unclear how missing data had been accounted for, or an intent-to-treat analysis was not performed.  Furthermore, none of the studies reported that the people assessing the outcomes were blinded to the participants’ exposure or intervention, and only one study recorded relevant outcome measures at multiple times following the intervention.  Two studies conducted the intervention at a group level but did not take into account the use of individual-level data in their statistical analyses.
Knowledge
Knowledge was assessed in 22 studies, two using standardized measures [36; 89], one assessing knowledge through academic assignments [52], three adapting questions from previous resources [25; 47; 86], and the remainder used specifically developed questions/questionnaires.  Twelve studies reported significant gains in knowledge pre- to post-intervention [2-4; 25; 35; 36; 58; 67; 70; 73; 79; 89], one reported gains but did not include details on statistical significance [74], two reported no significant gains [86; 94], and two reported a decrease in knowledge scores [11; 45].  Few studies assessed knowledge at a subsequent follow-up, with two reporting significant gains in knowledge were maintained [36; 89], one reporting knowledge scores remained higher than pre-intervention scores but it was not clear if significantly so [66], and one reporting significantly lower scores during a retention test [45].  Overall, these studies varied in quality, some of which reported high levels of attrition [2; 70; 86].  There was no notable difference in quality between studies which reported significant gains and those which did not however.
Twelve studies compared knowledge outcomes in an intervention group to a control condition.  Of the studies which included a training as usual/alternative training control group, three reported significantly greater gains in the online intervention group [47; 52; 87], one reported greater knowledge scores in the online intervention group but it was not clear if this was statistically significant [58], two reported no significant differences between groups [36; 76] ([36] received ratings of low risk of bias on each domain of the Cochrane Risk of Bias tool), one reported significantly greater gains in the alternative training than the online group (different educational subjects in each group) [45], and one reported no difference between high and low interactivity online training groups [89].  Of the studies which included a no-training control group, two reported significant greater knowledge scores post-intervention in the intervention group [67; 74], which for one study was maintained at follow-up [66].  One study reported no significant differences between groups [11] although had very small sample size of ten participants and four completers per group.
Confidence/competence
	Confidence/competence was assessed in ten studies, all which used specifically developed questions/questionnaires, except one [70] which adapted questions from previous resources.  Four studies (two adult and two paediatric) reported significant increases pre- to post-intervention in the intervention group [3; 12; 67; 70], although for one [67] improvements were shown for confidence in communication but not symptom management.  One study reported higher confidence scores post-intervention although these were not statistically significant [86], and one study reported no significant increases although had  a very small sample size [11].  One study reported post-intervention data only, finding 54% of participants were confident in assessing paediatric pain [35].
A number of RCTs compared post-intervention scores between groups, with one study reporting significantly greater confidence in the intervention group compared to a no-training control group [67], although this was not maintained at 18-month follow-up [66].  Another study reported significantly greater confidence in the intervention group compared to an alternative training control group [87], and another reported higher confidence in the intervention group compared to a no-intervention control group although statistical significance was not reported [12].  Two studies reported significantly higher confidence in the alternative training control group than the online intervention group [76; 90], although for one study this difference was only found in regards to delivering single cognitive behavioural sessions, with no significant differences found in regards to delivering six group sessions [76].  One study reported no significant differences between intervention and control groups [11], although as mentioned had a very small sample size of four completers per group.
Attitudes/beliefs
	Attitudes/beliefs were assessed in nine studies, three using standardized measures [36; 76; 89] and the remainder using specifically developed questions/questionnaires or adapting one adapting questions from previous resources.  Of the single-group intervention studies, two focused on paediatric pain.  One study with a large sample reported significant improvements in beliefs concerning legitimacy of self-reported pain, use of analgesics and effects of pain [91], and the other with a much smaller sample reported significant improvement in attitudes towards paediatric tolerance of opioids, opioids delaying diagnosis, children’s accuracy of pain reports, and believing what paediatric patients say about their pain [3].  Of the two studies focused on adult pain, which overall were both of a low quality, one found significant improvements in attitudes towards the importance of addressing pain at each clinic visit [4].  The other [7] provided survey data regarding procedural planning and performance before and after implementation of a program to teach interprofessional approaches to management of procedural pain, although sample characteristics were not provided and it is likely that different clinicians were surveyed at the two time-points.  At baseline 100% of physicians agreed or strongly agreed that pain and anxiety were well controlled, compared with 96% of physicians post-implementation.
Considering the RCTs which varied in quality, one found the attitude ‘Good palliative care enables good death’ was significantly higher in the educational group than the no-training control group post-intervention [41].  Another study with a very small sample size found nurses in the intervention group showed 43% improvement pre- to post-intervention in pain attitudes, although there was no difference between intervention and no-training control groups post-intervention [11].  One study found no significant increases in agreement to the statement ‘it is important to prevent children’s pain and distress during immunization injections’ for intervention sites [12].  One study found physicians receiving high interactivity online training were less likely to endorse using tamper-resistant formulations and dosing across time than those receiving low interactivity online training [89].  Examining change scores from baseline to post-intervention, one study found participants in the control group showed a significantly greater reduction in biomedical attitudes to low back pain management compared to the online intervention group, but no significant difference for psychosocial attitudes [76].
Skills
	Only five studies assessed clinical skills, each using a different measure as described.  There were two single-group intervention studies, both with interventions focused on paediatric pain.  One used a standardized questionnaire and reported scores for both pain assessment and administration of opioids increased significantly from pre- to post-intervention [91].  Another with a large sample size used specifically developed questions, finding a significant increase in responses of ‘frequently’ or ‘very frequently’ on the use of behavioural instruments for assessing paediatric pain severity, and the prescription of opioids on a fixed schedule and as needed for initial post-operative pain.  Increases were also shown for recommending nonpharmacologic treatment options and the use of local anaesthetics prior to venepuncture, although these were not statistically significant [3].
Three RCTs based on adult pain assessed skills.  One study, which received ratings of low risk of bias on each domain of the Cochrane Risk of Bias tool, used a checklist completed by a faculty observer and a post encounter subjective-objective assessment plan (SOAP) note.  Online training produced a significantly higher score on the abdominal pain SOAP note than the standardized patient training, although no differences between groups were shown for headache [90].  Another study assessed skills using an objective structure clinical examination (OSCE), reporting that students who completed the online training module performed significantly better in the OSCE than students not exposed to the module [93]. The most recent study assessed skills via the Cognitive-Therapy Scale-Revised-Pain (CTS-R-Pain) which was completed based on a 15 minute recorded treatment session.  No significant differences were found between participants completing online training and those completing a face-to-face workshop [76].
Clinical Practice
Eleven studies included clinical practice as an outcome, six of which were assessed via inspection of data from medical records [35; 44; 46; 70; 85; 91] and the remainder via specifically designed questions/questionnaires.  Considering single-group pre-post interventions, one large study of sixteen nursing homes reported a significant increase in residents with Alzheimer’s/dementia in nursing homes identified with mild to severe pain over time, and a significant decrease in residents with undetected pain [85].  One study with a high attrition rate reported improvements in nurses’ analgesic administration [91], while another reported a significant increase in pain intensity documentation pre- to post-intervention [70].  Srivasatava and colleagues stated that after the intervention most participants reported they had started using or increased their use of treatment agreements and urine drug screening, although data were not provided [86].  Another study reported no significant improvements in adherence to the Dutch Clinical Practice Guideline (CPG) in paediatric palliative care, although had a very small sample size of five paediatric nurse specialists [44].  Habich and colleagues [35] reviewed sixty patient medical records two weeks after the educational intervention, reporting among other findings that 88% of all pain assessments at triage, post-intervention and prior to discharge were documented using an appropriate pain scale and included a pain score.
RCTs varied in quality, although all reported some significant effects.  One study reported the use of at least one newly recommended pain-relieving strategy, and willingness to use new strategies, significantly increased pre- to post-intervention for the intervention group but not the no-training control group [12].  Another study found that at follow-up, compared to pre-intervention, both intervention and alternative training control groups were less likely to prescribe opioids when the patient requested them, more likely to have the patient sign an opioid contract, and more likely to have the patient complete a treatment agreement [87].  Kalinowski and colleagues [46] randomised nursing homes to either the intervention or no-training control group.  A significant increase in the number of nursing home residents prescribed at least one nonpharmacological therapy from baseline to 3-month follow up was found in the intervention but not the control group.  At 3-month follow-up significantly more nursing home residents in the intervention group than the control group were prescribed therapeutic nonpharmacological therapies.  No significant difference was found at 6-month follow-up.  Mistraletti and colleagues [60] found use of pain assessments using validated tools significantly increased from pre- to post-test in both intervention and control groups (the latter received the same training at a later time), remaining high at 3 and 6 month follow-up periods.  Use was also significantly higher in the intervention group post-intervention than the control group pre-intervention.  Most recently, Trudeau and colleagues reported both high and low interactivity online training groups showed significant improvements pre-intervention to follow-up in behaviours related to opioid prescribing [89].
Health Outcomes for Patients
Only three studies reported health outcomes for patients, two from medical records [70; 91] and one using standardized questionnaires [66].  Two single-group pre-post studies reported a significant reduction in pain ratings post-intervention for paediatric [91] and adult pain [70], although one had a particularly high attrition rate [70] and the other a small sample size [91].  In the only RCT [66], changes over time in the severity of symptoms, family anxiety, and overall quality of life were not statistically significant.  Furthermore, no significant differences were found between intervention and no-training control groups, despite this study being rated as having a low risk of bias on five of six domains.  
Meta-analysis Results
[bookmark: _GoBack]	Full details for each meta-analysis are provided in Tables 1 and 2, and forest plots of pooled effect sizes are provided in Figures 2 and 3 (individual forest plots for each separate analysis are provided in Figures S2 and S3).  Sensitivity analysis was conducted where evidence of significant heterogeneity was found.
Between-Groups Analyses
	A power calculation revealed the optimal information size for between-groups analyses to be 128 participants.  Six studies with knowledge as an outcome compared online training versus training as usual/alternative training and provided eligible data [36; 47; 52; 58; 76; 87] (Analyses 1: intervention n = 220, control n = 334, Hedges’ g = 0.80 [95% CI: 0.12, 1.49], p = .020, Cochrane’s Q = 57.66, I2 = 91%. Analysis 2 (sensitivity analysis): intervention n = 141, control n = 273, Hedges’ g = 0.53 [95% CI: 0.11, 0.96], p = .010, Q = 13.39, I2 = 70%).  Analysis was also conducted comparing online training versus training as usual in medical students only, with eligible data from three studies [47; 52; 87] (Analysis 3: intervention n = 134, control n = 269, Hedges’ g = 1.28 [95% CI: 0.31, 2.24], p = .009, Q = 27.88, I2 = 93%. Analysis 4 (sensitivity analysis): intervention n = 55, control n = 198, Hedges’ g = 0.84 [95% CI: 0.12, 1.56], p = .020, Q = 4.66, I2 = 79%).
Two studies with eligible data comparing online training versus alternative training [76; 87] included confidence/competence as an outcome (Analysis 5: intervention n = 103, control n = 101, Hedges’ g = 0.02 [95% CI: -0.79. 0.84], p = .950, Q = 4.56, I2 = 78%).  Two studies with eligible data comparing online training versus no training [12; 41] included attitudes/beliefs as outcomes (Analysis 6: intervention n = 67, control n = 58, Hedges’ g = 0.16 [95% CI: -0.48, 0.79], p = .630, Q = 2.79, I2 = 64%).  Three studies with eligible data compared online training versus training as usual/alternative training [76; 90; 93] included skills as outcomes (Analysis 7: intervention n = 48, control n = 49, Hedges’ g = 0.77 [95% CI: -0.45, 1.99], p = .220, Q =13.17, I2 = 85%. Analysis 8 (sensitivity analysis): intervention n = 21, control n = 21, Hedges’ g = 0.28 [95% CI: -0.19, 1.58], p = .78, Q = 3.97, I2 = 75%).  Analysis was also conducted comparing online training versus training as usual in medical students only with eligible data from two studies, which also served as another sensitivity analysis for Analysis 7 (Analysis 9: intervention n = 43, control n = 42, Hedges’ g = 1.34 [95% CI: 0.38, 2.30], p = .006, Q = 3.81, I2 = 74%).  
Within-Groups Analyses
Fourteen studies measured knowledge outcomes pre- and post-intervention and provided eligible data [2; 3; 35; 36; 45; 58; 66; 67; 70; 73; 74; 79; 87; 89; 94] (health professionals and medical students combined: Analysis 1: N = 1590, dunb = 0.97 [95% CI: 0.66, 1.29], p < .0001, Q = 311, I2 = 96%. Analysis 2 (sensitivity analysis): N = 1562, dunb = 0.86 [95% CI: 0.55, 1.17], p < .0001, Q = 279.89, I2 = 95%).  Analyses were also conducted in medical students only (Analysis 3: N = 1070, dunb = 1.33 [95% CI: 0.70, 1.96], p < .0001, Q = 283.87, I2 = 98%. Analysis 4 (sensitivity analysis): N = 1042, dunb = 1.10 [95% CI: 0.46, 1.73], p = .0007, Q = 254.54, I2 = 98%).  Four studies collected data at a subsequent follow-up point [36; 45; 66; 89] (Analysis 5: N = 348, dunb = 0.26 [95% CI: -0.13, 0.65], p = .190, Q = 44.54, I2 = 91%. Analysis 6 (sensitivity analysis): N = 308, dunb = 0.48 [95% CI: 0.31, 0.65], p < .0001, Q = 5.52, I2 = 45%).
Three studies measured confidence/competence outcomes pre- and post-training and provided eligible data [67; 70; 87] (health professionals and medical students combined: Analysis 7: N = 182, dunb = 0.58 [95% CI: 0.30, 0.86], p = .0001, Q = 6.11, I2 = 67%). Analysis 8 (sensitivity analysis): N = 94, dunb = 0.50 [95% CI: 0.10, 0.89], p = .014, Q = 3.14, I2 = 68%).  Six studies measured attitude/belief outcomes pre- and post-training and provided eligible data [4; 12; 41; 76; 89; 91] (health professionals and medical students combined: Analysis 9 : N = 432, dunb = 0.49 [95% CI: 0.17, 0.80], p = .002, Q = 51.03, I2 = 88%. Analysis 10 (sensitivity analysis): N = 408, dunb = 0.33 [95% CI: 0.07, 0.59], p = .013, Q = 28.81, I2 = 83%). Four studies examined clinical practice outcomes pre- and post-training and provided eligible data [12; 87; 89; 91] (health professionals and medical students combined: Analysis 11: N = 377, dunb = 0.34 [95% CI: 0.12, 0.55], p = .002, Q = 14.85, I2 = 73%. Analysis 12 (sensitivity analysis): N = 289, dunb = 0.42 [95% CI: 0.25, 0.58], p < .0001, Q = 4.79, I2 = 37%).
Meta-regression Analyses
	Meta–regression was conducted for the within-groups analysis of knowledge comparing pre- and post-intervention scores in health professionals and medical students combined (analysis 1 in Table 2).  The hierarchical regression models were not significant for cognitive interactivity (Q = 0.79, p = .38, R2 = .05, k = 15), length of time (Q = 0.73, p = .59, R2 = .03, k = 10), number of sessions (Q = 0.05, p = .83, R2 = .004, k = 14) or duration, (Q = 0.05, p = .83, R2 = .004, k = 13).  Non-significant results were also found for the within-groups sensitivity analysis of knowledge (analysis 2 in Table 2); cognitive interactivity (Q = 1.20, p = .27, R2 = .09, k = 14), number of sessions (Q = 0.02, p = .90, R2 = .002, k = 13) or duration, (Q = 0.03, p = .88, R2 = .003, k = 12).
Funnel Plots
	  There was evidence of asymmetry in the within-groups analysis of knowledge and also in the subsequent sensitivity analysis which removed the study with the largest effect size [73].  Caution has been advocated in the interpretation of funnel plots [20; 40], although the asymmetry observed may be due to publication bias, or possibly heterogeneity between studies which itself may have arisen due to variations in intervention design.
Discussion
	The aim of this review was to provide an overview of the online pain education literature and determine if online-based pain instruction is associated with improved outcomes in health professionals and students compared with no intervention and traditional instructional methods.  Between-groups meta-analysis revealed that, post-intervention, participants receiving online instruction had significantly greater knowledge compared to those receiving training as usual/alternative training (health professionals and students).  Although most of the confidence intervals overlapped [31; 33; 40], significant statistical heterogeneity exists between these studies even after performing sensitivity analyses.  This likely stems from variations in quality, design and educational content.  As such, and in combination with many high risk of bias ratings some of these RCTs received, we interpret these results tentatively and advise caution [33] pending further high quality RCTs.  The between-groups analysis also revealed significantly greater skills in participants receiving online instruction compared to those receiving training as usual (students), although once again significant heterogeneity is present warranting caution in interpretation of results.  No significant differences were found in attitudes/beliefs compared to those receiving no training (health professionals) and no differences in confidence/competence compared to those receiving training as usual/alternative training (health professionals and students).  Data from two studies only were available for each of these analyses however, and we therefore consider the effectiveness of online pain resources for health professionals in terms of attitudes/beliefs and confidence/competence to be uncertain at present.  
	Although RCTs are higher in the evidence hierarchy than single-group or observational studies [30; 34], we nevertheless included single-group pre-post studies to provide as comprehensive review of the literature as possible.  Researchers can use our review to choose online educational interventions for further evaluation in RCTs based on their performance in a non-randomised investigation, and also further develop such interventions based on the educational content and structure of the existing ones that we review in detail (Table S5).  Within-groups meta-analysis revealed significant improvements for health professionals and students pre- to post-intervention for knowledge, confidence/competence, attitudes/beliefs, and clinical practice.  The obvious limitation with these analyses however is the lack of a no training or training as usual/alternative training control group with which to make comparisons of gains.  Although the majority of confidence intervals overlap in most analyses, significant statistical heterogeneity is nevertheless found in all but three analyses (all of which were sensitivity analyses).  As such, we recommend researchers move away from conducting single-group studies where possible.
Despite the tentative nature of the between-groups meta-analytic results, these are nevertheless in agreement with previous health-related reviews that have shown online interventions to be particularly effective in improving knowledge and skills [19; 28; 50; 92].  All studies included in these analyses tested the educational intervention on the intended population [32].  As noted the optimal information size [31]	 for between-groups analyses was 128; all between-groups analyses of knowledge had a sample size greater than 128, although skills analyses did not.  A further limitation was the predominance of studies using specifically developed or adapted measures without reporting psychometric properties however (i.e., four of six studies in the knowledge analysis, both studies in the skills analysis), which therefore reduces confidence in results [34].  Improvements in attitudes, clinical practice and patient effects have been explored less frequently, and although some support has been provided in former reviews, studies have yielded inconsistent results (heterogeneous) [19; 50].  Although the gap between what is known and what gets done in practice (i.e., the know-do gap or the knowledge translation gap [51]) is well documented and various models have been described, an accepted standard approach has yet to be widely adopted.  Specifically focusing on physicians, Pathman and colleagues [65] have proposed the ‘awareness–agreement–adoption–adherence’ model to describe the process.  First, the physician becomes aware of a new finding or practice, moves to a process of agreement with it and then to an adoption of it, either on a trial or irregular basis.  Finally, the physician adheres to the practice.  These stages of learning are important when considering the effect of educational interventions, although disappointingly very few of the studies reviewed described the theoretical framework within which their intervention was developed.  Translating knowledge into action within healthcare is a complex, evolving and dynamic process, and systematic approaches to address it are urgently needed.
The development of new and innovative technologies in the provision of e-learning is growing exponentially, and e-learning can potentially facilitate the three domains of medical education (i.e., knowledge, skills and attitudes) [14].  Online learning has a number of advantages enabling adult learners to tailor their learning according to their unique needs, giving them autonomy over their learning and increasing intrinsic motivation.  It also facilitates the adoption of a reflective approach towards one’s own practice therefore promoting enhanced learning.  The attributes of accessibility and convenience are also important because learners decide when and where they are receptive to learning.  Although there are many advantages of online learning, challenges and disadvantages are also present, including social isolation, de-individualised instruction, cost, technical problems and poor instructional design [18; 84].  While the majority of studies in the present review reported some form of participant evaluation of the educational intervention itself, the precise questions and format varied.  We strongly encourage both quantitative and qualitative evaluation by the learners as standard in future research. 
It is true that the amount of pain-related online instruction for health professionals has increased dramatically in the last ten years, although most has not been rigorously evaluated.  In fact, evaluation of online learning in general has been characterized as in its infancy.  A high number of records were excluded from the present review as they only discussed the development or rationale for online education, and provided no actual test of the intervention or data on relevant outcomes.  Furthermore, the single group pre-test post-test design was a common research design adopted by fourteen studies in the present review, although as stated above the obvious limitation of this approach is the lack of a comparison group.  Direct comparison of results from randomised and non-randomised trials should only be made with caution, as these two approaches provide answers to different questions.  However, it is interesting to note that gains in knowledge were observed in individuals receiving online training relative to both pre-intervention measures of knowledge and also relative to participants completing training as usual or alternative training.  A further limitation of the reviewed literature is that most research has focused on participants’ satisfaction and not on change in clinical practice or impact on patient and health outcomes.  While assessing the effect on patient’s health status can be constrained by ethical and logistical considerations in gaining access to data, assessing whether learners have tried to use their competence in practice seems crucial in an assessment of the effectiveness of a learning intervention.
Despite the clear importance of evaluating interventions, their description in published reports remains worryingly poor, which itself presents significant difficulties for researchers wishing to conduct replications [43].  The body of research included in the present review is sadly no different to recent reviews of pharmacological and non-pharmacological interventions (e.g.,[24; 42]), with key intervention details missing from many reports including whether educational materials covered adult or paediatric pain, intervention learning outcomes, and the software used to develop and host the intervention.  The inclusion in the published report of a URL to an actual or demonstration version of the intervention would provide a simple yet effective way of disseminating the precise intervention contents and outcome/assessment methods used, yet this was only included in 10 reports (with only working in six instances at time of writing).  We strongly recommend future studies adopt this strategy, as it is likely an exact replication could only be achieved via this method.  Recently developed guidelines have been proposed for the reporting of evidence-based educational interventions [69] and internet-based interventions [72] which we also encourage researchers to follow.  
As noted many studies used questions/questionnaires specifically designed by the authors which had not been formally validated and of which no psychometric properties were reported.  For example, knowledge outcomes in 12 studies were assessed in this manner.  Specifically designed questions/questionnaires are tailored to the educational content of the online intervention, allowing the researchers to explore changes across time or differences between groups.  Without knowledge of psychometric properties, however, confidence in the results is limited.  Most studies also failed to provide details on statistical power which would provide confidence that a large enough sample had been recruited, and the majority only provided data at one point post-intervention thus making it unclear whether significant benefits are maintained over time.
The variations among instructional methods and the rapid advancement of technology make it difficult to determine which elements contribute to an effective online learning environment.  Interactivity is considered essential for learning [57; 77].  Mixed results for the effectiveness of interactivity in multimedia learning have been reported however, likely stemming in part from different conceptualisations across studies [22].  Although limited analyses were performed, no evidence was found for interactivity as mediator of knowledge outcomes in the present review.  Interventions varied quite widely in the degree of interactivity offered to learners, ranging from questions/cases with tailored feedback (e.g., [25; 70]) to virtual patients (e.g., [89; 90] and video game elements [36] (along with a number of studies which did not provide sufficient information on intervention interactivity).  Only one study directly compared two online interventions with high and low levels of interactivity, finding no differences between groups on knowledge or clinical practices (although physicians in the higher interactivity MAP-PC group were less likely to endorse these over time compared to those in the lower interactivity active control group) [89].  There is evidence that higher levels of cognitive interactivity are associated with better learning outcomes in some studies (e.g., [29; 80]) but not others (e.g., [56; 82]).  It has been suggested however that behavioural processing underlying excessive behavioural interactivity may in fact impede meaningful learning rather than facilitate it [82].
In conclusion, the results of this review and meta-analysis provide tentative support for the effectiveness of online pain educational resources at improving learner knowledge.  Although other significant effects were found in the meta-analyses, the combination of significant statistical heterogeneity, small number of included studies and, for within-groups analyses, lack of comparison groups means these results should only be considered preliminary.  Future studies would benefit from following recently developed guidelines in the reporting of educational interventions [69].  There is a need for greater understanding as to which features of online interventions are the most important, along with future RCTs specifically assessing health outcomes for patients.
 
Author contributions: CL conceived the initial idea and design of the review. CL, AF and DS were responsible for data acquisition, preparation, analysis and drafting of the review.  GW and RH were content authors. All authors made significant contributions to the interpretation of data, and provided important intellectual content and made critical revisions to the manuscript.  All authors provided final approval of the version to be published and are accountable for all aspects of the work.
Acknowledgements: The authors would like to thank the three anonymous reviewers for their helpful comments on an earlier version of the manuscript.
Funding/Support: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
Conflict of interest: The authors have no conflicts of interest to declare.
Other disclosures: None
Ethical approval: Not applicable
















References
[1] Curriculum for a CCT in Anaesthetics (2010): The Royal College of Anaesthetists.
[2] Alvarez AG, Dal Sasso GTM, Iyengar MS. Persuasive technology in teaching acute pain assessment in nursing: Results in learning based on pre and post-testing. Nurse Educ Today 2017;50:109-114.
[3] Ameringer S, Fisher D, Sreedhar S, Ketchum JM, Yanni L. Pediatric pain management education in medical students: impact of a web-based module. J Palliat Med 2012;15(9):978-983.
[4] Bergman J, Lorenz KA, Ballon-Landa E, Kwan L, Lerman SE, Saigal CS, Bennett CJ, Litwin MS. A scalable web-based module for improving surgical and medical practitioner knowledge and attitudes about palliative and end-of-life care. J Palliat Med 2015;18(5):415-420.
[5] Borenstein M, Hedges LV, Higgins J, Rothstein HR. Introduction to meta-analysis. Cornwell: Wiley Online Library, 2009.
[6] Borenstein M, Hedges LV, Higgins J, Rothstein HR. A basic introduction to fixed‐effect and random‐effects models for meta‐analysis. Research Synthesis Methods 2010;1(2):97-111.
[7] Botash AS, Jeski M, Cameron CB, Nelsen EK, Haines P, Bennett N. Look before you LEAPP™: An interprofessional approach to bedside pediatric inpatient procedures. BMJ Quality Improvement Reports 2013;2(1):u632. w1249.
[8] Breivik H, Collett, B., Ventafridda, V., Cohen, R., & Gallacher, D. Survey of chronic pain in Europe: prevalence, impact on daily life, and treatment. . Eur J Pain 2006;10(4):287 - 333.
[9] Breivik H, Eisenberg E, O’Brien T. The individual and societal burden of chronic pain in Europe: the case for strategic prioritisation and action to improve knowledge and availability of appropriate care. BMC Public Health 2013;13(1):1229.
[10] Briggs EV, Battelli D, Gordon D, Kopf A, Ribeiro S, Puig MM, Kress HG. Current pain education within undergraduate medical studies across Europe: Advancing the Provision of Pain Education and Learning (APPEAL) study. BMJ Open 2015;5(8):e006984.
[11] Brody AA, Groce-Wofford TM. Feasibility of implementing a web-based education program in geriatric pain and depression for home health care nurses. Home Health Care Management & Practice 2013;25(6):274-278.
[12] Chan S, Pielak K, McIntyre C, Deeter B, Taddio A. Implementation of a new clinical practice guideline regarding pain management during childhood vaccine injections. Paediatr Child Health 2013;18(7):367-372.
[13] Cheng Y-M. Towards an understanding of the factors affecting m-learning acceptance: Roles of technological characteristics and compatibility. Asia Pacific Management Review 2015;20(3):109-119.
[14] Choules A. The use of elearning in medical education: a review of the current situation. Postgrad Med J 2007;83(978):212-216.
[15] Cohen A, Baruth O. Personality, learning, and satisfaction in fully online academic courses. Comput Human Behav 2017;72:1-12.
[16] Cohen J. Statistical power analysis for the behavioral sciences, 2nd edition Hillsdale: Erlbaum, 1988.
[17] Cohen J. A power primer. Psychol Bull 1992;112(1):155.
[18] Cook DA. Web-based learning: Pros, cons and controversies. Clin Med (Northfield Il) 2007;7(1):37-42.
[19] Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ, Montori VM. Internet-based learning in the health professions: A meta-analysis. JAMA 2008;300(10):1181-1196.
[20] Cumming G. Understanding the new statistics: effect sizes, confidence intervals, and meta-analysis. New York: Routledge, 2012.
[21] Cumming G. The new statistics: Why and how. Psychol Sci 2014;25(1):7-29.
[22] Domagk S, Schwartz RN, Plass JL. Interactivity in multimedia learning: An integrated model. Comput Human Behav 2010;26(5):1024-1033.
[23] Dueñas M, Ojeda B, Salazar A, Mico JA, Failde I. A review of chronic pain impact on patients, their social environment and the health care system. J Pain Res 2016;9:457.
[24] Duff JM, Leather H, Walden EO, LaPlant KD, George TJ. Adequacy of published oncology randomized controlled trials to provide therapeutic details needed for clinical application. J Natl Cancer Inst 2010;102(10):702-705.
[25] Dy SM, Hughes M, Weiss C, Sisson S. Evaluation of a web-based palliative care pain management module for housestaff. J Pain Symptom Manage 2008;36(6):596-603.
[26] Erdfelder E, Faul F, Buchner A. GPOWER: A general power analysis program. Behavior Research Methods, Instruments, and Computers 1996;28:1 - 11.
[27] Field A. Discovering Statistics using IBM SPSS Statistics. London: Sage, 2013.
[28] George PP, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, Rasmussen K, Sluiter R, Riboli–Sasco E, Car LT. Online eLearning for undergraduates in health professions: a systematic review of the impact on knowledge, skills, attitudes and satisfaction. Journal of Global Health 2014;4(1).
[29] Glenberg AM, Goldberg AB, Zhu X. Improving early reading comprehension using embodied CAI. Instructional Science 2011;39(1):27-39.
[30] Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter Y, Glasziou P, Jaeschke R. GRADE guidelines: 1. Introduction—GRADE evidence profiles and summary of findings tables. J Clin Epidemiol 2011;64(4):383-394.
[31] Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, Devereaux P, Montori VM, Freyschuss B, Vist G. GRADE guidelines 6. Rating the quality of evidence—imprecision. J Clin Epidemiol 2011;64(12):1283-1293.
[32] Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, Alonso-Coello P, Falck-Ytter Y, Jaeschke R, Vist G. GRADE guidelines: 8. Rating the quality of evidence—indirectness. J Clin Epidemiol 2011;64(12):1303-1310.
[33] Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, Alonso-Coello P, Glasziou P, Jaeschke R, Akl EA. GRADE guidelines: 7. Rating the quality of evidence—inconsistency. J Clin Epidemiol 2011;64(12):1294-1302.
[34] Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, Montori V, Akl EA, Djulbegovic B, Falck-Ytter Y. GRADE guidelines: 4. Rating the quality of evidence—study limitations (risk of bias). J Clin Epidemiol 2011;64(4):407-415.
[35] Habich M, Letizia M. Pediatric pain assessment in the emergency department: a nursing evidence-based practice protocol. Pediatr Nurs 2015;41(4):198-202.
[36] Harris JM, Elliott TE, Davis BE, Chabal C, Fulginiti JV, Fine PG. Educating generalist physicians about chronic pain: Live experts and online education can provide durable benefits. Pain Med 2008;9(5):555-563.
[37] Hart C. Factors associated with student persistence in an online program of study: A review of the literature. Journal of Interactive Online Learning 2012;11(1):19-42.
[38] Hedges LV. Distribution theory for Glass's estimator of effect size and related estimators. Journal of Educational Statistics 1981;6(2):107-128.
[39] Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Savović J, Schulz KF, Weeks L, Sterne JA. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ Case Rep 2011;343:d5928.
[40] Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions: The Cochrane Collaboration, 2008.
[41] Hinkka H, Kosunen E, Metsanoja R, Lammi UK, Kellokumpu-Lehtinen P. General practitioners' attitudes and ethical decisions in end-of-life care after a year of interactive Internet-based training. J Cancer Educ 2002;17(1):12-18.
[42] Hoffmann TC, Erueti C, Glasziou PP. Poor description of non-pharmacological interventions: analysis of consecutive sample of randomised trials. BMJ 2013;347:f3755.
[43] Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, Altman DG, Barbour V, Macdonald H, Johnston M. Better reporting of interventions: template for intervention description and replication (TIDieR) checklist and guide. BMJ 2014;348:g1687.
[44] Jagt-van Kampen CT, Kremer LC, Verhagen AE, Schouten-van Meeteren AY. Impact of a multifaceted education program on implementing a pediatric palliative care guideline: a pilot study. BMC Med Educ 2015;15:194.
[45] Jordan J, Jalali A, Clarke S, Dyne P, Spector T, Coates W. Asynchronous vs didactic education: it's too early to throw in the towel on tradition. BMC Med Educ 2013;13:8.
[46] Kalinowski S, Budnick A, Kuhnert R, Könner F, Kissel-Kröll A, Kreutz R, Dräger D. Nonpharmacologic pain management interventions in German nursing homes: A cluster randomized trial. Pain Manag Nurs 2015;16(4):464-474.
[47] Keefe G, Wharrad HJ. Using e-learning to enhance nursing students' pain management education. Nurse Educ Today, Vol. 32, 2012. pp. e66-72.
[48] King S, Chambers CT, Huguet A, MacNevin RC, McGrath PJ, Parker L, MacDonald AJ. The epidemiology of chronic pain in children and adolescents revisited: a systematic review. Pain 2011;152(12):2729-2738.
[49] Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs. Front Psychol 2013;4(Article 863):1-12.
[50] Lam‐Antoniades M, Ratnapalan S, Tait G. Electronic continuing education in the health professions: an update on evidence from RCTs. J Contin Educ Health Prof 2009;29(1):44-51.
[51] Lang ES, Wyer PC, Haynes RB. Knowledge translation: closing the evidence-to-practice gap. Ann Emerg Med 2007;49(3):355-363.
[52] Leung JY, Critchley LA, Yung AL, Kumta SM. Evidence of virtual patients as a facilitative learning tool on an anesthesia course. Advances in Health Sciences Education 2015;20(4):885-901.
[53] Liossi C, Failo A, Schoth DE, Williams G, Howard R. The effectiveness of online pain resources for Health Professionals: A systematic review with subset meta-analysis of educational intervention studies. PROSPERO: International prospective register of systematic reviews 2017.
[54] Liossi C, Howard RF. Pediatric chronic pain: biopsychosocial assessment and formulation. Pediatrics 2016;138(5):e20160331.
[55] Lipsey MW, Wilson DB. Practical Meta-Analysis. California: SAGE Publications Ltd, 2001.
[56] Lowe R. Interrogation of a dynamic visualization during learning. Learning and Instruction 2004;14(3):257-274.
[57] Mayes T. Theoretical perspectives on interactivity in e-learning. In: C Juwah, editor. Interactions in online education: Implications for theory and practice. USA & Canada: Routledge, 2006.
[58] McFadden P, Crim A. Comparison of the effectiveness of interactive didactic lecture versus online simulation-based CME programs directed at improving the diagnostic capabilities of primary care practitioners. J Contin Educ Health Prof 2016;36(1):32-37.
[59] Mezei L, Murinson BB, Team JHPCD. Pain education in North American medical schools. J Pain 2011;12(12):1199-1208.
[60] Mistraletti G, Umbrello M, Anania S, Andrighi E, Di Carlo A, Martinetti F, Barello S, Sabbatini G, Formenti P, Maraffi T, Marrazzo F, Palo A, Bellani G, Russo R, Francesconi S, Valdambrini F, Cigada M, Riccardi F, Moja EA, Iapichino G. Neurological assessment with validated tools in general ICU: multicenter, randomized, before and after, pragmatic study to evaluate the effectiveness of an e-learning platform for continuous medical education. Minerva Anestesiol 2017;83(2):145-154.
[61] Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6(7):e1000097.
[62] Nakagawa S, Foster TM. The case against retrospective statistical power analyses with an introduction to power analysis. Acta Ethologica 2004;7(2):103-108.
[63] NIH. Quality Assessment Tool for Before-After (Pre-Post) Studies With No Control Group: National Institutes of Health, 2014.
[64] Oliver R, Herrington J. Factors influencing quality online learning experiences. In: D G, E Stacey, editors. Quality education @ a distance. USA: Springer, 2003. pp. 129-136.
[65] Pathman DE, Konrad TR, Freed GL, Freeman VA, Koch GG. The awareness-to-adherence model of the steps to clinical guideline compliance: the case of pediatric vaccine recommendations. Med Care 1996;34(9):873-889.
[66] Pelayo-Alvarez M, Perez-Hoyos S, Agra-Varela Y. Clinical effectiveness of online training in palliative care of primary care physicians. J Palliat Med, Vol. 16, 2013. pp. 1188-1196.
[67] Pelayo M, Cebrián D, Areosa A, Agra Y, Izquierdo JV, Buendía F. Effects of online palliative care training on knowledge, attitude and satisfaction of primary care physicians. BMC Fam Pract 2011;12(37).
[68] Peltier JW, Schibrowsky JA, Drago W. The interdependence of the factors influencing the perceived quality of the online learning experience: A causal model. Journal of Marketing Education 2007;29(2):140-153.
[69] Phillips AC, Lewis LK, McEvoy MP, Galipeau J, Glasziou P, Moher D, Tilson JK, Williams MT. Development and validation of the guideline for reporting evidence-based practice educational interventions and teaching (GREET). BMC Med Educ 2016;16(1):237.
[70] Phillips JL, Heneka N, Hickman L, Lam L, Shaw T. Impact of a novel online learning module on specialist palliative care nurses’ pain assessment competencies and patients’ reports of pain: Results from a quasi-experimental pilot study. Palliat Med 2014;28(6):521-529.
[71] PROSPERO. PROSPERO: International prospective register of systematic reviews., Vol. CRD42017059619, 2016.
[72] Proudfoot J, Klein B, Barak A, Carlbring P, Cuijpers P, Lange A, Ritterband L, Andersson G. Establishing guidelines for executing and reporting internet intervention research. Cogn Behav Ther 2011;40(2):82-97.
[73] Puljak L, Sapunar D. Web-based elective courses for medical students: an example in pain. Pain Med 2011;12(6):854-863.
[74] Raffety B, Allendoerfer C, Minstrell J, Chabal C, Dunbar P, Nakamura Y. A facet-based system for computer-assisted instruction in pain management for elderly patients. J Am Med Inform Assoc 2000:670-674.
[75] RevMan. Review Manager 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration.
[76] Richmond H, Hall AM, Hansen Z, Williamson E, Davies D, Lamb SE. Using mixed methods evaluation to assess the feasibility of online clinical training in evidence based interventions: a case study of cognitive behavioural treatment for low back pain. BMC Med Educ 2016;16(1):163.
[77] Rodríguez-Ardura I, Meseguer-Artola A. E-learning continuance: The impact of interactivity and the mediating role of imagery, presence and flow. Information & Management 2016;53(4):504-516.
[78] Rosenthal R. Writing meta-analytic reviews. Psychol Bull 1995;188(2):183 - 192.
[79] Ross DD, Shpritz DW, Wolfsthal SD, Zimrin AB, Keay TJ, Fang HB, Schuetz CA, Stapleton LM, Weissman DE. Creative Solution for Implementation of Experiential, Competency-Based Palliative Care Training for Internal Medicine Residents. J Cancer Educ 2011;26(3):436-443.
[80] Schwan S, Riempp R. The cognitive benefits of interactive videos: learning to tie nautical knots. Learning and Instruction 2004;14(3):293-305.
[81] Sharbot MM. Medicine on the Internet. Proc (Bayl Univ Med Cent) 2001;14(1):27-31.
[82] Song HS, Pusic M, Nick MW, Sarpel U, Plass JL, Kalet AL. The cognitive impact of interactive design features for learning complex materials in medical education. Computers & Education 2014;71:198-205.
[83] Song L, Singleton ES, Hill JR, Koh MH. Improving online learning: Student perceptions of useful and challenging characteristics. The Internet and Higher Education 2004;7(1):59-70.
[84] Spice R, Palacios M, Biondo PD, Hagen NA. Design and implementation of an online course on research methods in palliative care: lessons learned. J Palliat Med 2011;14(4):413-419.
[85] Spokane L, Ersek M. Pain assessment and management in residents with dementia using web-based education and informatics in rural nursing homes, 2012.
[86] Srivastava A, Kahan M, Jiwa A. Prescription opioid use and misuse. Piloting an educational strategy for rural primary care physicians. Can Fam Physician 2012;58(4):e210-e216.
[87] Sullivan MD, Gaster B, Russo J, Bowlby L, Rocco N, Sinex N, Livovich J, Jasti H, Arnold R. Randomized trial of web-based training about opioid therapy for chronic pain. Clin J Pain 2010;26(6):512-517.
[88] Tabachnick BG, Fidell LS. Using Multivariate Statistics (6th Edition). Boston: Pearson, 2012.
[89] Trudeau KJ, Hildebrand C, Garg P, Chiauzzi E, Zacharoff KL. A Randomized Controlled Trial of the Effects of Online Pain Management Education on Primary Care Providers. Pain Med 2017;18:680-692.
[90] Turner MK, Simon SR, Facemyer KC, Newhall LM, Veach TL. Web-based learning versus standardized patients for teaching clinical diagnosis: A randomized, controlled, crossover trial. Teach Learn Med 2006;18(3):208-214.
[91] Van Hulle Vincent C, Wilkie DJ, Wang E. Pediatric nurses’ beliefs and pain management practices: An intervention pilot. West J Nurs Res 2011;33(6):825-845.
[92] Voutilainen A, Saaranen T, Sormunen M. Conventional vs. e-learning in nursing education: A systematic review and meta-analysis. Nurse Educ Today 2017;50:97-103.
[93] Weiner DK, Morone NE, Spallek H, Karp JF, Schneider M, Washburn C, Dziabiak MP, Hennon JG, Elnicki DM. E-Learning Module on Chronic Low Back Pain in Older Adults: Evidence of Effect on Medical Student Objective Structured Clinical Examination Performance. J Am Geriatr Soc 2014;62(6):1161-1167 1167p.
[94] Yanni LM, Priestley JW, Schlesinger JB, Ketchum JM, Johnson BA, Harrington SE. Development of a comprehensive E‐Learning resource in pain management. Pain Med 2009;10(1):95-105.















Figure Legends
Figure 1. Flow of records for inclusion in the narrative review and meta-analyses

Figure 2. Overall pooled effect sizes for each between-groups analysis on outcomes of knowledge, confidence/competence, attitudes/beliefs and skills, created in Microsoft Excel

Figure 3. Overall pooled effect sizes for each pre- versus post-intervention/follow-up analysis on outcomes of knowledge, confidence/competence, attitudes/beliefs and clinical practice, created in Microsoft Excel
List of Supplemental Digital Content
Supplementary Material 1 – Search Strategy
Supplementary Material 2 - Methodological decisions
Figure S1 – Funnel plots for within-subjects analyses with data from 10 or more studies.
Figure S2 – Forest plots created in Review Manager showing overall effect sizes for each 
between-groups analysis conducted
Figure S3 – Forest plots created in ESCI showing of overall effect sizes for each within-
groups analysis conducted
Table S1 – Risk of bias assessments
Table S2 – Quality Assessments 
Table S3 – Outcome variable and moderator definitions
Table S4 – Study characteristics
Table S5 – Description of study intervention

