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Abstract

Background/aims—Participant understanding is a key element of informed consent for 

enrollment in research. However, participants often do not understand the nature, risks, benefits, or 

design of the studies in which they take part. Research on medical practices, which studies 

standard interventions rather than new treatments, has the potential to be especially confusing to 

participants because it is embedded within usual clinical care. Our objective in this randomized 

study was to compare the ability of a range of multimedia informational aids to improve 

participant understanding in the context of research on medical practices.

Methods—We administered a Web-based survey to members of a proprietary online panel 

sample selected to match national U.S. demographics. Respondents were randomized to one of 

five arms: four content-equivalent informational aids (animated videos, slideshows with voiceover, 

comics, and text), and one no-intervention control. We measured knowledge of research on 

medical practices using a summary knowledge score from 10 questions based on the content of the 

informational aids. We used ANOVA and paired t-tests to compare knowledge scores between 

arms.

Results—There were 1500 completed surveys (300 in each arm). Mean knowledge scores were 

highest for the slideshows with voiceover (65.7%), followed by the animated videos (62.7%), 

comics (60.7%), text (57.2%), and control (50.3%). Differences between arms were statistically 

significant except between the slideshows with voiceover and animated videos and between the 

animated videos and comics. Informational aids that included an audio component (animated 

videos and slideshows with voiceover) had higher knowledge scores than those without an audio 
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component (64.2% versus 59.0%, p<.0001). There was no difference between informational aids 

with a character-driven story component (animated videos and comics) and those without.

Conclusions—Our results show that simple multimedia aids that use a dual-channel approach, 

such as voiceover with visual reinforcement, can improve participant knowledge more effectively 

than text alone. However, the relatively low knowledge scores suggest that targeted informational 

aids may be needed to teach some particularly challenging concepts. Nonetheless, our results 

demonstrate the potential to improve informed consent for research on medical practices by using 

multimedia aids that include simplified language and visual metaphors.
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Introduction

Clinical researchers rely on the informed consent process to demonstrate respect for the 

autonomy of research participants. Central to this process is the assumption that research 

participants understand the nature, risks, benefits, and design of the study at the time they 

agree to participate.1–4 Typical efforts to achieve informed consent focus on the provision of 

information to prospective research participants, but evidence that participants actually 

comprehend the disclosed information is often absent,5–6 nor is it clear what degree of 

comprehension is needed to establish that a participant’s consent is truly “informed.” A 

growing body of evidence reveals that many participants do not understand the studies they 

join;7–11 for example, one review found that study participants understood the concept of 

randomization only 50% of the time.12 Not only does this evidence demonstrate that 

informed consent could be significantly improved, but misunderstanding of a study’s goals 

and processes may also result in lower participation rates.13–14

The growth of research on medical practices embedded within learning health care systems, 

which compares commonly used interventions rather than new interventions, further 

complicates the informed consent process.15 Prior work in this area has revealed widespread 

misconceptions and confusions about this kind of research—for example, patients’ beliefs 

that doctors always know which of several accepted medications is best or that research 

always includes a placebo control, as well as confusion about the goals of research versus 

clinical care.16–17 Introducing prospective participants to the concept of research on medical 

practices may therefore be especially challenging, as it contradicts common assumptions 

about medical expertise and how research studies work.

There have been a number of efforts to improve informed consent in clinical research 

settings by using multimedia informational aids. These multimedia aids sometimes include 

the use of an audio component and/or a character-driven story or narrative, among other 

enhanced features. However, there is no clear standard for how much of an improvement in 

understanding is needed to justify the cost of developing a multimedia aid, and reviews of 

the literature have shown these efforts to have mixed results.18–19 In some studies, 

multimedia aids have improved participant understanding,20–21 while others have shown no 
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significant improvement in knowledge despite participants’ reports that they found them 

worthwhile.22 None of these studies have addressed understanding of research on medical 

practices specifically.

Our earlier work has suggested that patients perceive character-driven animated videos with 

an audio component to be helpful in learning about these concepts.16,23–24 Here, we present 

results from a randomized study comparing four content-equivalent informational aids about 

research on medical practices, including our original animated videos, and a control arm. We 

hypothesized that: (1) informational aids would improve participant understanding more 

than the no-intervention control, (2) audio aids would improve understanding more than 

non-audio aids, and (3) aids based on a character-driven story would improve understanding 

more than aids without a character-driven story. Our findings have implications for how the 

characteristics of different informational aids help prospective participants learn about 

research and can be applied to improve the process of informed consent for research on 

medical practices.

Methods

Study design

We conducted a self-administered, Web-based survey using an experimental between-group 

design to compare the effects of four informational aids on respondents’ understanding of 

core aspects of research on medical practice, including variation in medical practice and the 

meaning of randomization. Respondents were randomly assigned to one of four 

informational aid arms or a control group, which allowed us to control for potential 

confounders and enabled us to draw causal inferences about the effects of the informational 

aids on understanding.

Study sample

Survey Sampling International (SSI) made the survey available to members of its online 

research panel, consisting of individuals who had previously signed up to participate in 

survey research. Our survey was open to English-reading U.S. adults. SSI recruited panel 

members by generic emailed messages several times per week. Respondents received a 

small incentive as part of the panel’s points-based reward program. Respondents were 

screened to meet quota minimums matching U.S. population characteristics by age, gender, 

region, ethnicity, race, education, and income according to the 2014 U.S. Census. Eligible 

respondents were randomly assigned to one of the five study arms. We used sequential 

enrollment until 300 respondents had completed each arm. We determined sample size based 

on power calculations assuming t-tests with power=.80 to detect a difference in proportion 

of knowledge scores of .07 with alpha=.05. Survey administration took place between 

October 28 and November 9, 2015.

Survey development

We based the format of this survey on our prior survey of patients’ attitudes about research 

on medical practices.23–24 We followed the tailored design method for web-based surveys 
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and adhered to basic principles of classic measurement, including multi-item 

operationalization, to guide question development and structure.25–26

We established face and content validity of the survey questions through expert review and 

cognitive interviews with prospective study participants. SSI panel members completed the 

survey in a mock-up of its online format while simultaneously explaining their answers via 

telephone to a study-team interviewer, who used a combination of the think-aloud and 

probing methods.27 We completed a total of 3 rounds of interviews with 15 interviews per 

round, iteratively refining survey questions and response categories as well as evaluating 

technical functionality.

Informational aids and development

We provided respondents in all arms, including the control, with a brief definition of 

research on medical practices in the introduction to the survey (Figure 1). Beyond this 

information, the informational aids were equivalent in content but different in delivery 

approach, including two with an audio component and two based on a character-driven story, 

as described below. The content of each of the four informational aids was split into two 

sections, each conveying information about core concepts in research on medical practices. 

The first section introduced the concept of variation in usual medical practices, using the 

example of different doctors prescribing different antihypertensive medications and 

describing the multiple factors that can influence a doctor’s choice to prescribe a certain 

medication. The second section described two approaches to research on medical practices: 

medical record review and randomization. It briefly described each research method and 

how the method can be used to compare commonly prescribed medications. The features of 

each informational aid are described below. The survey instrument and all informational aids 

are available at https://rompethics.iths.org/study-details.

Animated videos (audio, character-driven)—In a previous study,16,23 we developed 

whiteboard-animated videos with Booster Shot Media, a health communications multimedia 

production company. Whiteboard animation is a style of video that shows a time-lapse of the 

process of hand-drawing illustrations on a whiteboard background. These videos presented a 

character-driven story of several patient-doctor interactions. The two videos were 3:20 and 

3:07 minutes long, and respondents were required to play the entirety of each video without 

fast-forwarding in order to advance in the survey. Further details on the development of 

these videos are described elsewhere.16,23

Slideshows with voiceover (audio, not character-driven)—We developed our 

slideshows with voiceover by beginning with the script from the animated videos. We 

removed the character-driven elements from the script but otherwise maintained the factual 

content. We developed slides to highlight the key points from the script using Microsoft 

PowerPoint, including stock photos from the PowerPoint clip-art gallery. The two videos 

were 1:11 and 2:13 minutes long, and respondents were required to play the entirety of each 

slideshow without fast-forwarding in order to advance in the survey.
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Comics (no audio, character-driven)—We created the comics collaboratively with 

Booster Shot Media. These comics used the same hand-drawn style as the animated videos 

but were presented as still images with word balloons and text boxes, without any audio 

component. We maintained the character-driven story from the animated videos, making 

adjustments to the script to fit the comic strip format. The two comics comprised 8 and 7 

rows, with 1 to 3 panels per row.

Text (no audio, not character-driven)—We presented a text-only version of the scripts 

from the slideshows with voiceover. The two sections were 171 and 314 words long.

Measures

Our primary outcome was respondent understanding of the information about research on 

medical practices provided by the informational aids. A series of knowledge questions 

followed each section of the informational aids. Each knowledge question was presented as 

a statement with response options True, False, or Don’t Know. We designed the knowledge 

questions to discriminate between basic recognition, recall, and inferential processing of 

information presented in all four informational aids.28 We refined this intent through 

cognitive interviews. Evaluation of the discriminatory capacity of the knowledge measure is 

presented in the Results section.

In addition to the knowledge questions, the survey asked about topics related to informed 

consent and risk in the context of research on medical practices, as well as standard 

demographic questions, for a total of 39 questions. Results from those questions are not 

reported here. The informational aids also each had a third section about informed consent, 

which was followed by knowledge questions specific to consent issues; these are not 

included in our knowledge score because they do not address our primary outcome, 

knowledge of research on medical practices.

Statistical analysis

We based summary knowledge scores on the sum of the number of correct responses divided 

by the total number of possible correct responses (10), reported as a percentage. We used 

data from the 300 completed surveys per study arm for analysis, evaluating within- and 

across-arm differences in demographics and attrition using ANOVA and cell chi-square. We 

report basic descriptive statistics. We used ANOVA (generalized linear models) and Tukeys 

t-tests for least square difference to compare knowledge scores across arms. We performed 

all statistical analysis using SAS© 9.4.

IRB review, informed consent, and privacy

The Stanford University, University of Washington, and University of Minnesota 

institutional review boards approved this study with a waiver of documentation of informed 

consent. SSI collected the survey data, and members of the research team only received 

aggregate data.
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Results

Overall completion rate

Of the 2016 panel members who entered the survey portal, 1565 completed the survey and 

1500 were included in final data, resulting in an overall completion rate of 74.4%. Final data 

excluded 65 respondents because their responses failed one or more of the following data 

quality parameters: (1) time to complete the survey (not counting time required for videos) 

was less than one-third of the median completion time; or (2) there was evidence of 

acquiescence bias, suggested by sequential multiple-choice questions answered at the same 

extreme where some variation was expected. We used data from a total of 1500 completed 

surveys, with 300 completes per arm, for analysis.

Respondent characteristics

Despite use of random assignment, our sample did not achieve equivalence in distribution 

across arms for three characteristics: Hispanic/Latino ethnicity, education, and income 

(Table 1). Similar distributional differences in ethnicity were also present at entry to the 

survey, with no discernible or interpretable pattern. No statistically significant differences in 

ethnicity were present in a comparison of survey completers and non-completers 

(p=0.8362). Distributional differences in educational level were primarily due to a lower 

proportion of respondents with higher educational attainment in the animated video arm 

compared to the other four arms. Overall, the difference in distribution of education across 

survey completers and non-completers was not significant. The difference in distribution of 

income was significant and was also present at entry to survey. Due to non-equivalence 

across arms, to isolate the effect of multimedia format on knowledge, we controlled for 

ethnicity, education, and income in our between-arm analysis.

Knowledge measure

The overall mean percent correct on each question across arms ranged from a low of 28.5% 

(Q10) to a high of 94.3% (Q1) (Online Appendix A). There was also variation between arms 

for most questions: the within-question variation by arm was statistically significant (p≤.05) 

for all individual knowledge questions except Q8 (p=.20), providing strong support for 

within-arm discriminatory ability of knowledge questions (Figure 2). Further, respondents 

who were randomized to the slideshow with voiceover arm scored higher on 6 of the 10 

knowledge questions than those in all other arms.

Difference in knowledge scores across arms

The unadjusted mean knowledge scores were highest for respondents in the slideshow with 

voiceover arm (65.7 [SD=16.7]), followed by the animated video (62.7 [SD=18.8]), comic 

(60.7 [SD=18.5]), text (57.2 [SD=18.3]), and control (50.3 [SD=16.8]) arms.

Table 2 presents the comparison and tests for difference in mean knowledge scores between 

arms. The statistical test used for comparison is a Tukeys t-test, comparing mean squared 

differences. In light of distributional differences found for ethnicity, education, and income 

across arms, we controlled for these characteristics for the t-tests of significance. As 

indicated, the difference in knowledge between the control arm and each informational arm 
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was statistically significant for all four informational aids (p<.0001). Differences in 

knowledge scores between arms were statistically significant between all arms except 

between the slideshows with voiceover and animated videos, and between the animated 

videos and comics.

Difference in knowledge across multimedia format of informational aids

Knowledge scores were significantly higher for the two informational aids with an audio 

component (animated videos and slideshows with voiceover) than in the two without 

(comics and text): 64.2% vs. 60.0% (p<.0001). There was no significant difference between 

the two informational aids with a character-driven story component (animated videos and 

comics) and the two without (slideshows with voiceover and text) (Table 3).

Discussion

Multimedia format

Overall, respondents who viewed either the slideshows with voiceover or the animated 

videos performed best on the knowledge questions. Each of these aids contained both audio 

and visual components: the slideshows combined a descriptive voiceover with minimal 

images and text in a bulleted, summary format, while the animated videos used voiceover to 

tell the story of a series of moving cartoons. Our results accord with the cognitive theory of 

multimedia learning, which states that people learn best when provided with limited but 

cohesive information simultaneously through aural and visual channels29–31 and has been 

supported in the empirical literature.32–33 The slideshows with voiceover may also have 

benefited from being relatively short and simple, allowing for low cognitive load and easy 

information processing,30,34 and from containing some, but not too much, text.35 Moreover, 

these results align with the informal feedback we received throughout our cognitive 

interview process from interviewees who stated that they preferred getting information 

through multiple channels. However, while we found a statistically significant difference 

between aids with and without an audio component, our results do not address the value of 

investing in multimedia aids to gain a relatively small increase in understanding, which is a 

tradeoff that may differ depending on the specific study and the content of the multimedia 

aid. Nonetheless, to the extent that increased understanding is indicative of a more robust 

informed consent process, the ability of our multimedia aids to improve prospective 

participants’ understanding suggests that there is room to improve informed consent.

Of our four informational aids, respondents randomized to the text-only approach performed 

worst on the knowledge questions; this is an important finding given that the text was 

identical to the narration in the slideshows with voiceover. Notably, this arm most closely 

approximates the traditional approach to informed consent for research, which suggests 

there is room for improving the consent process using one or more of our multimedia 

approaches. In practice, of course, traditional written informed consent is intended to be 

accompanied by a discussion, and in fact discussions have been shown to be one of the most 

effective ways of improving participant understanding.36,18–19 Our study did not include 

discussion in any arm, but presumably a discussion could supplement, rather than be 

replaced by, any of the informational aids in our study.37 Indeed, our results suggest that 
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moving toward simple multimedia approaches to informed consent can help participants 

understand complex concepts, presented in a consistent and standardized manner, and 

facilitate more informed discussions with members of the research team. Moreover, this can 

be done at relatively low cost; our slideshows with voiceover were filmed entirely in-house 

with simple recording software. However, this does not take into account the effort and 

resources that we invested to develop effective language and visual metaphors when initially 

developing the animated videos, which we later used to create the slideshows with 

voiceover.

Difficult concepts

Although some questions seemed to be effectively taught by at least some of our 

informational aids, others performed poorly on all arms. Indeed, even in the highest-scoring 

arm, respondents answered on average only two-thirds of the questions correctly, which 

aligns with similarly low knowledge scores found in reviews of the literature on informed 

consent for research participation.18–19 This highlights the question of how much 

understanding is necessary for consent to be truly “informed.” While the Common Rule 

identifies required elements that must be disclosed during the informed consent process [45 

CFR § 46.116], there is no standard for how well a participant must understand that 

information prior to consenting. Some have argued that disclosure alone, without 

comprehension, is insufficient for a truly “informed” consent,38–39 but alternative models do 

not specify what or how much participants must understand.

Our findings do not answer this question but do identify certain pitfalls to understanding that 

arose in the context of our study. First, we created our original animated videos for use in a 

separate study8–9 and therefore not all topics received equal attention, likely resulting in 

some topics being more effectively taught than others.

Second, some of our knowledge questions may have resulted in lower scores because they 

contradicted respondents’ basic assumptions about research. Prior qualitative studies have 

identified widespread misunderstanding about research on medical practices, particularly 

when participants compare it to the well-known archetype of a placebo-controlled clinical 

trial of new treatments.16–17 Our study suggests that at least some aspects of research on 

medical practices are difficult for people to understand without explicit and direct teaching. 

This is an important point for researchers who are interested in developing informed consent 

materials about topics that are unfamiliar to prospective participants, and it highlights the 

need for a clear approach to teaching key learning goals. Strategies could draw on those 

described in the educational psychology literature such as signaling important information, 

using visuals to highlight difficult concepts, and actively involving participants.30,34 

Furthermore, participant understanding can be evaluated and the efficacy of multimedia aids 

strengthened with a robust needs assessment and user testing process.40

Character-driven story component

There was no significant difference between our two informational aids that were based on a 

character-driven story (animated videos and comics) and those that were not (slideshows 

with voiceover and text). For the linear transmission of information from “teacher” to 
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“learner,” more didactic pedagogical techniques seem to perform better. However, this does 

not preclude the possibility that the narrative story approach that characterizes comics and 

animations may be effective in a different setting. Narrative story-based informational aids 

have been shown to be effective for targeted communications to specific sub-populations—

for example, immigrants and refugees,41 low-literacy communities,42 and the mentally 

ill.43–44 Comics and animation may also be useful for clinical purposes that are outside the 

scope of our study, such as encouraging changes in health behaviors,45–48 reducing health 

disparities by using culturally targeted informational aids,49 or teaching information over 

time.46 Because the comics medium requires a collaboration with readers to construct 

meaning, it is essentially non-hierarchical and as such may not readily lend itself to top-

down approaches to delivering information.

Moreover, our animated videos were the first of our informational aids to be created and 

were initially developed for another study;16, 23 in order to maintain content equivalence, the 

language and structure of these videos was the baseline for our other informational aids. 

Therefore, the benefits of our investment in producing these videos are likely understated, as 

they included not only the character-driven story component, but also simplification of 

language and development of visuals and metaphors. Indeed, shortening consent forms and 

making them more comprehensible has consistently proven to improve participant 

understanding.19

Limitations

There were differential completion rates across arms. However, the intent of our study was 

not to achieve external validity, but rather to achieve internal validity. Our informational aids 

were experiential interventions that were designed and expected to include differential 

respondent burden. We evaluated nonresponse patterns and confirmed that the nonresponse 

conformed to this assumption of differential respondent burden. Therefore, we used only 

data from the 300 respondents per arm who completed the survey. We also evaluated other 

plausible approaches and subsequent assumptions about nonresponse, which confirmed the 

robustness of our statistical results.

Furthermore, our sample of SSI panel members, which consisted of individuals with internet 

access and an interest in participating in surveys, is not generalizable to the greater U.S. 

population. However, our randomized design allowed us to achieve internal validity and 

identify intervention-specific differences between groups.

An additional limitation is that our survey presented a hypothetical scenario rather than an 

actual consent process and, as noted in the Discussion, did not include an opportunity to 

discuss the study with a researcher. While the scores on our knowledge measure revealed 

significant differences in understanding between arms, these scores alone are insufficient to 

measure the adequacy and quality of informed consent. Further study is needed to 

understand how these informational aids perform in the context of an actual clinical trial.
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Conclusions and future directions

This study shows that, of four content-equivalent approaches to providing information about 

research on medical practices, our text-only informational aid was least effective at 

educating respondents, despite being the closest approximation to the way that research 

consent is typically provided in practice. Pragmatic trials in which prospective participants 

are randomized between consent approaches in the setting of an actual trial are needed to 

build on our results. In the meantime, our results show that short slideshows or videos that 

combine voiceover with images and visual content reinforcement can be a more effective 

way of educating prospective study participants. The slideshow medium is relatively simple 

to produce, and both slideshows and videos are adaptable to a range of technologies, such as 

mobile phones and websites, that can improve accessibility and engagement for many 

prospective participants. However, even with multimedia informational aids, overcoming the 

knowledge deficit about research on medical practices is a challenging task and will require 

concerted efforts if researchers are to enable prospective participants to give truly 

“informed” consent.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Definition of research on medical practices
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Figure 2. 
Individual knowledge questions: percent correct by arm
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Table 2

Difference in adjusted mean knowledge scores between arms

Animated
videos

Slideshows
with voiceover

Comics Text

Slideshows
with voiceover

1.6
(p=.1137)

-- -- --

Comics 1.6
(p=.1139)

3.2**
(p=.0015)

-- --

Text 3.9**
(p=.0001)

5.5**
(p<.0001)

2.3*
(p=.0215)

--

Control 8.8**
(p<.0001)

10.3**
(p<.0001)

7.2**
(p<.0001)

4.9**
(p<.0001)

Tukeys t-test standardized range (least square difference) *p≤.05; **p≤.0001 controlling for ethnicity (Hispanic/Latino), education, and income
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Table 3

Comparison of adjusted mean knowledge scores between multimedia formats

Character-driven
story

No character-driven
story

Total

Audio Animated videos Slideshows with
voiceover

Audio*
64.2

No audio Comics Text No audio*
59.0

Total Character-driven
story
61.9

No character-driven
story
61.3

Tukeys t-test standardized range (least square difference) *p<.0001; controlling for ethnicity (Hispanic/Latino), education, and income
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