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INTRODUCTION
In recent years, biospecimen research has frequently been in 
the national spotlight. In some instances, the attention has been 
positive, such as for scientific discoveries leading to new tar-
geted approaches to detecting and treating cancer and other 
serious health conditions1,2 and catalyzing large-scale endeavors 
such as the Precision Medicine Initiative.3,4 In other instances, 
the spotlight has illuminated a range of concerns, sparking 
public debate about the ethical use of biospecimens.5–7 Partly 
in response to these concerns, proposed changes to US federal 
regulations for the protection of human subjects focus heav-
ily on biospecimen research—including new requirements that 
informed consent for research use must be obtained for nearly 
all biospecimens, regardless of whether they are originally col-
lected for research, clinical, or other purpose.8,9 To facilitate this 
massive undertaking, the proposed rules would permit broad 
consent for future unspecified research and allow widespread 
use of a consent template to be promulgated by the Secretary of 
Health and Human Services.10

Informed consent itself, however, is beset with challenges.11,12 
Decades of research have amply documented that consent forms are 

too long and complex and that participants do not understand key 
aspects of the information disclosed.6 Interventions to improve con-
sent comprehension seem to have met with only minimal success 
due, in part, to limitations in the available evidence base, including 
lack of statistical power, nonrandomized designs, poor generaliz-
ability, and questionable methods for assessing comprehension.13–17

To help inform the development of ethical approaches to 
informed consent for biobanking, we conducted a national ran-
domized survey to determine the effect of a simplified consent 
form on biobanking consent comprehension. Both the consent 
form and the comprehension measure were empirically derived. 
We hypothesized that (i) among all survey respondents, com-
prehension among those given the simplified form would be no 
worse than that among those given a traditional form (noninfe-
riority of the simplified form) and that (ii) among the subset of 
respondents with the lowest educational attainment, comprehen-
sion would be better with the simplified form than with a tra-
ditional form (superiority of the simplified form). We further 
examined the effect of a review/retest intervention on compre-
hension and whether the effect differed by consent form and/or 
education level.
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Purpose: To determine the individual and combined effects of a 
simplified form and a review/retest intervention on biobanking con-
sent comprehension.
Methods: We conducted a national online survey in which partici-
pants were randomized within four educational strata to review a 
simplified or traditional consent form. Participants then completed 
a comprehension quiz; for each item answered incorrectly, they 
reviewed the corresponding consent form section and answered 
another quiz item on that topic.
Results: Consistent with our first hypothesis, comprehension among 
those who received the simplified form was not inferior to that 
among those who received the traditional form. Contrary to expecta-
tions, receipt of the simplified form did not result in significantly bet-
ter comprehension compared with the traditional form among those 

in the lowest educational group. The review/retest procedure signifi-
cantly improved quiz scores in every combination of consent form 
and education level. Although improved, comprehension remained 
a challenge in the lowest-education group. Higher quiz scores were 
significantly associated with willingness to participate.
Conclusion: Ensuring consent comprehension remains a challenge, 
but simplified forms have virtues independent of their impact on 
understanding. A review/retest intervention may have a significant 
effect, but assessing comprehension raises complex questions about 
setting thresholds for understanding and consequences of not meet-
ing them.
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MATERIALS AND METHODS
We conducted a between-subjects factorial experiment in which 
participants were randomized to receive either a simplified or 
a traditional consent form within four educational strata: less 
than high school diploma, high school diploma/general equiva-
lency diploma, some college, and bachelor’s degree or higher.

Sample
Participants were recruited from GfK’s KnowledgePanel, an 
online research panel constructed through address-based prob-
ability sampling to statistically represent the US population. 
GfK provides computer and Internet access, free of charge, to 
panelists who do not already have them. Panelists eligible for 
this study were at least 25 years old, able to read English, had 
not participated in medical research in the past year, and had 
visited a doctor within the previous 5 years. Assuming α = 0.05 
and 90% power, our study design and hypothesis tests required 
1,848 participants.

Procedures
Online data collection took place between December 2014 
and January 2015. After completing eligibility questions 
and an electronic consent form, participants were randomly 
assigned to review either a simplified or a traditional con-
sent form for a hypothetical biobank. The simplified form 
(Supplementary Appendix A online) was based on earlier 
research by the authors18–20 and designed to address succinctly 
the consent elements required by federal regulations and best-
practice guidelines.21–23 The traditional form (Supplementary 
Appendix B online) was constructed to contain the same infor-
mation but with a level of detail and complexity similar to that 
found in actual consent forms used by major US biobanks. 
Supplementary Appendix C online contains the readability 
characteristics of the forms.

The introduction to the survey informed participants that 
they would receive a biobanking consent form to read, after 
which there would be a short quiz. Participants were asked to 
read the form carefully (“as though you were actually decid-
ing whether or not to take part in a biobank”) and were told 
that the purpose of the quiz was to “make sure the consent 
form did a good job explaining what people need to know 
about a biobank.” Participants were allowed as much time as 
desired to read the consent form to which they were random-
ized. They were then asked to complete a 21-item quiz (see 
Comprehension Measure). Upon starting the quiz, partici-
pants were not allowed to go back to the consent form or to a 
previous quiz question. After completing the quiz, for each item 
answered incorrectly, participants were shown the correspond-
ing consent form section (“review”) and then presented with an 
alternate quiz item on that same topic (“retest”). Participants 
were told whether they answered the retested item correctly. 
Finally, participants answered general questions about the 
amount of information provided in the consent form, the merit 
of taking a quiz to assess understanding, and their hypothetical 
willingness to participate in a biobank.

The Duke University Health System IRB deemed this study 
exempt under 45 CFR 46.101(b)(2).

Comprehension measure
We developed the quiz based on the results of a systematic 
Delphi process to identify the consent information that pro-
spective biobank participants must grasp to give valid con-
sent.24 The premise of this process was that, although certain 
information may be deemed important for disclosure in con-
sent forms, comprehensive understanding of every aspect of it 
is not necessary to provide valid consent.25,26 Delphi panelists 
achieved consensus on 16 statements of minimum necessary 
understanding, from which we created a 21-item true/false quiz 
(Supplementary Appendix D online). (Several of the Delphi 
statements were compound and thus required more than one 
quiz item to address the different components). For each item, 
we created two versions (an “A” and a “B” version) to avoid pre-
senting exactly the same item during retesting. We conducted 
more than 60 cognitive interviews27 across multiple rounds to 
assess whether people understood the quiz items as intended 
and whether the items aligned well with the information in 
both the simplified and traditional consent forms.

On the survey, all participants initially received the A ver-
sion of the quiz items, with the B versions used only for retest-
ing when needed. Because the quiz was explicitly developed to 
represent the minimum necessary understanding to provide 
valid consent, a perfect score of 21 was needed to demonstrate 
adequate comprehension.

Statistical analysis
Weighting. Survey results were weighted to approximate 
the US population of English-speaking adults with respect 
to sex, age, race/ethnicity, education, and geographic region. 
Weighting methodology included two steps. First, design 
weights were calculated to reflect the selection probabilities 
for the starting sample. Second, the design weights were 
adjusted simultaneously (raked) along several geodemographic 
dimensions to account for nonresponse. All statistical analyses, 
except for the description of participant characteristics found in 
Table 1, were adjusted for the complex survey sampling design 
with stratification and weighting.

Cleaning. Participants identified as “speeders” (those who 
completed the entire survey in less than 25% of the median 
time) or “refusers” (participants who refused at least half of the 
six non-quiz survey questions) were dropped from our final 
analysis.

Statistical methods. In addition to descriptive statistics, we 
examined differences between participants who received the 
simplified versus traditional consent form. This included 
differences in initial levels of understanding, measured by the 
number of quiz items answered correctly prior to review and 
retest. Confidence limits were estimated for between-group 
comparisons. We tested both our hypotheses—noninferiority 
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of the simplified form compared with the traditional form 
and superiority of the simplified form compared with the 
traditional form in the lowest-education group (less than high 
school diploma)—by calculating the 95% confidence limits of 
the differences. The margin of noninferiority and the margin 
of superiority were both prespecified as 2 (out of 21 possible).

To examine the effect of the review/retest intervention, 
we first used Rao-Scott chi-square tests and survey design–
adjusted t-tests to characterize participants who did and did 
not answer all 21 quiz items correctly in the first attempt. 
Among those who answered at least one incorrectly (and thus 
required some level of review and retesting), we examined the 
effect of the review/retest procedure and whether these effects 
differed by consent form and/or education level. To do this, 
we used general linear regression to model score improve-
ment (from the initial test to the retest) and logistic regression 
to model the probability of achieving a perfect score (answer-
ing all retested items correctly) as a function of simplified 
versus traditional consent form (Simplified Group versus Tra-
ditional Group), less than high school diploma versus high 
school diploma or higher (Lower-Education Group versus 
Higher-Education Group), and consent form by education-
group interaction.

As a proxy for the amount of time spent reviewing the con-
sent forms, we examined the time they were displayed on par-
ticipants’ screens separately by consent form, using medians 
with interquartile range (IQR) and a Wilcoxon rank-sum test 
on unweighted data (due to the severe skewness of the display 
times). We used survey design–adjusted t-tests to compare 
responses by consent form regarding (i) the amount of infor-
mation in the form, (ii) whether giving a quiz to check under-
standing is a good idea, and (iii) willingness to participate in 
the hypothetical biobank. We compared the four levels of will-
ingness to participate with respect to final quiz scores (after 
any review/retesting) using one-way analysis of variance with 
a linear contrast. We also examined the adjusted relationship 
between willingness to participate and final quiz scores using a 
general linear model that included age, sex, and education level.

All statistical analyses were conducted using SAS version 9.4 
(SAS Institute, Cary, NC).

RESULTS
Participant characteristics
A random sample of 3,931 members was drawn from GfK’s 
KnowledgePanel, and 2,279 (58%) responded to the invitation. 
Of these, 1,936 (85%) qualified for and finished the survey. We 
omitted 20 from our analyses because they were identified as 
either speeders or refusers (see “Cleaning” in the Methods sec-
tion), resulting in a final sample of 1,916 participants. Although 
we were able to weight our survey sample to approximate the 
US adult English-speaking population, our unweighted sample 
reflected good diversity across multiple demographic categories 
and experimental conditions (Table 1).

Table 1 Participant characteristics (unweighted)
Overall  

(n = 1,916)
Simplified form 

(n = 969)
Traditional 

form (n = 947)

n (%) n (%) n (%)

Age group

  18–29 172 (9) 86 (9) 86 (9)

  30–44 450 (24) 232 (24) 218 (23)

  45–59 638 (33) 320 (33) 318 (34)

  ≥60 656 (34) 331 (34) 325 (34)

Education

  Less than high  
 school

471 (25) 236 (24) 235 (25)

  High school 480 (25) 245 (25) 235 (25)

  Some college 488 (26) 249 (26) 239 (25)

  Bachelor’s degree  
 or higher

477 (25) 239 (25) 238 (25)

Race

  White,  
 non-Hispanic

1,411 (74) 724 (75) 687 (73)

  Black,  
 non-Hispanic

171 (9) 87 (9) 84 (9)

  Other,  
 non-Hispanic

81 (4) 39 (4) 42 (4)

  Hispanic 178 (9) 86 (9) 92 (10)

  Two or more races,  
 non-Hispanic

75 (4) 33 (3) 42 (4)

Sex

  Male 876 (46) 443 (46) 433 (46)

  Female 1,040 (54) 526 (54) 514 (54)

Household income

  $0–$24,900 370 (19) 192 (20) 178 (19)

  $25,000–$49,900 478 (25) 249 (26) 229 (24)

  $50,000–$74,900 356 (19) 168 (17) 188 (20)

  $75,000–$99,900 239 (13) 112 (12) 127 (13)

  ≥$100,000 473 (25) 248 (26) 225 (24)

Employment status

  Working 1,016 (53) 496 (51) 520 (55)

  Retired 443 (23) 226 (23) 217 (23)

  Disabled 211 (11) 115 (12) 96 (10)

  Not working, other 246 (13) 132 (14) 114 (12)

Geographic region

  Northeast 335 (18) 172 (18) 163 (17)

  Midwest 470 (25) 243 (25) 227 (24)

  South 711 (37) 363 (38) 348 (37)

  West 400 (21) 191 (20) 209 (22)

Internet access

  No 289 (15) 145 (15) 144 (15)

  Yes 1,627 (85) 824 (85) 803 (85)

In general, how would you rate your health?

  Poor/fair 401 (21) 218 (23) 183 (19)

  Good 783 (41) 375 (39) 408 (43)

  Very good/excellent 731 (38) 375 (39) 356 (38)
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Effect of simplified consent form
In general, initial quiz scores (prior to any review/retest) reflect 
the effect of the simplified form versus the traditional form 
(Table 2). Consistent with our first hypothesis, comprehension 
in the Simplified Group was not inferior to that in the Tradi-
tional Group (mean score = 17.5 vs. 17.6, respectively; 95% 
lower confidence limit = −0.44, which does not exceed our pre-
specified margin of noninferiority).

Initial quiz scores did, however, differ by education; overall, 
the mean score was 15.2 for the Lower-Education Group and 
17.9 for the Higher-Education Group (Table 2). But contrary 
to our second hypothesis, among those with the least educa-
tion, comprehension was not superior with the simplified form 
compared with the traditional form. In the Lower-Education 
Group, the mean score was 14.9 among those who received the 
simplified form and 15.5 among those who received the tradi-
tional form (difference in means = −0.56, 95% CI: −1.65, 0.53).

As suggested by these scores, quiz performance in the first 
attempt was generally good. Overall, the mean initial score 
was 17.5 (out of a maximum possible of 21) and approximately 
50% of our weighted sample achieved an initial score of 19 or 
higher (Supplementary Appendix E online). Quiz items most 
often answered correctly and incorrectly were the same regard-
less of the consent form received (Supplementary Appendix F  
online). Those most often answered correctly dealt with con-
fidentiality protections, collection of basic information, and 
contact information, whereas those most often answered incor-
rectly concerned large-scale data sharing and collection of 
information from medical records.

Despite these positive indicators, only 20% of our weighted 
sample achieved a perfect quiz score—adequate understand-
ing—in the first attempt (Table 2). This proportion did not differ 
by consent form received. Compared with the rest of the sam-
ple, those who achieved a perfect initial score were significantly 
younger and more educated, reported higher income and bet-
ter health, and were more likely to be white non- Hispanic, and 
employed, and to have Internet access (Table 3). The remaining 

80% answered at least one quiz item incorrectly and therefore 
required some level of review and retesting.

Effect of review/retest
Among those who underwent review/retesting, this pro-
cess significantly improved quiz scores in every combination 
of consent form and education level (Table 4). Results of the 
modeling approaches were consistent with the pattern of find-
ings in Table 4: overall, improvement in mean quiz score fol-
lowing review/retest was significantly greater in the Simplified 
Group than in the Traditional Group (mean change = 3.3 vs. 
3.0, respectively; difference in means = 0.27, 95% CI: 0, 0.53). 
The improvement was also significantly greater in the Lower- 
Education Group than in the Higher-Education Group (mean 
change = 3.7 vs. 3.0, respectively; difference in means = 0.63, 
95% CI: 0.30, 0.95). However, the proportion who achieved ade-
quate comprehension—answered all retested items correctly—
was significantly greater in the Higher-Education Group than 
in the Lower-Education Group (60 vs. 40%, respectively; dif-
ference in proportions = 20.2, 95% CI: 13, 27). There was no 
interaction between consent form and education level for mean 
score improvement or for proportion achieving a perfect score 
after review/retest (P = 0.45 and P = 0.99, respectively).

Overall, 57% of the review/retest group were able to achieve a 
perfect score. Thus, 65% of the entire weighted sample achieved 
a perfect quiz score, either in the first attempt or through review 
and retesting (Table 2), and approximately 90% achieved a final 
score of 19 or higher (Supplementary Appendix E online). 
The quiz item about collection of information from medical 
records continued to be the one most often answered incor-
rectly (Supplementary Appendix F online).

Although improved by the review/retest process, comprehen-
sion remained a challenge in the Lower-Education Group, as 
documented throughout the tables and appendices. For exam-
ple, only 4% of the Lower-Education Group achieved a perfect 
quiz score in the first attempt and 42% ultimately achieved this 
score (Table 2). In contrast, in the Higher-Education Group, 

Table 2 Effect of simplified consent form, all participants (weighted)
Mean scorea % Demonstrated adequate comprehensionb

Initial quiz (95% CI)
After review and retest 

(95% CI) Initial quiz (95% CI)
After review and retest 

(95% CI)

Overall (n = 1,916)

  Simplified form 17.5 (17.2, 17.7) 20.1 (19.9, 20.3) 19.6 (16.8, 22.3) 66.6 (63.3, 69.8)

  Traditional form 17.6 (17.4, 17.9) 20.0 (19.9, 20.2) 19.5 (16.7, 22.3) 63.8 (60.5, 67.2)

  Total 17.5 (17.4, 17.7) 20.1 (19.9, 20.2) 19.5 (17.6, 21.5) 65.2 (62.9, 67.5)

Low education (n = 242)

  Simplified form 14.9 (14.1, 15.7) 18.7 (18.1, 19.4) 2.3 (0.0, 4.8) 42.6 (34.1, 51.0)

  Traditional form 15.5 (14.7, 16.2) 18.7 (18.0, 19.3) 6.6 (2.8, 10.4) 41.9 (33.5, 50.3)

  Total 15.2 (14.7, 15.8) 18.7 (18.2, 19.2) 4.4 (2.1, 6.7) 42.2 (36.3, 48.2)

High education (n = 1,674)

  Simplified form 17.8 (17.6, 18.1) 20.3 (20.1, 20.4) 22.1 (19.0, 25.1) 70.0 (66.6, 73.5)

  Traditional form 17.9 (17.7, 18.2) 20.2 (20.1, 20.3) 21.4 (18.3, 24.5) 67.0 (63.4, 70.6)

  Total 17.9 (17.7, 18.1) 20.2 (20.1, 20.4) 21.7 (19.5, 23.9) 68.5 (66.1, 71.0)
aTheoretical range: 0 (all answers incorrect) to 21 (all answers correct). b“Adequate comprehension” = perfect score of 21.
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these proportions were 22 and 69%, respectively. These pro-
portions did not differ by consent form for either educational 
group.

Other consent-process measures
Those who received the simplified form spent significantly 
less time on the consent screens (median = 5 min, IQR = 
2–7 min) compared with those who received the traditional 
form (median = 10 min, IQR = 4–17 min; P < 0.0001). When 
asked to rate the amount of information in the consent form 
received, participants gave responses that differed significantly 
by form (P < 0.0001). In the Traditional Group, 22% rated the 
information as “too much” or “way too much,” compared with 
only 7% in the Simplified Group (Table 5). Nearly all partici-
pants, regardless of consent form, reacted favorably to the idea 
of a quiz to help people make sure they understand before con-
senting to biobanking (Table 5). Approximately two-thirds 
indicated they probably or definitely would participate if their 
health-care organization had a biobank (Table 5). Willingness 
to participate did not differ by consent form received but did 
differ by quiz score. As shown in Supplementary Appendix G 
online, higher final quiz scores were positively associated with 
willingness to participate (P = 0.0008). This finding remained 
after adjustment for age, sex, and education (P = 0.001).

DISCUSSION
We conducted a national randomized survey to determine the 
individual and combined effects of a simplified consent form 
and a review/retest intervention on biobanking consent com-
prehension. Compared with a more detailed form, the simplified 
form did not result in inferior understanding of the information 
that a multidisciplinary panel of experts (which included par-
ticipant perspectives) deemed essential for valid consent.24 This 
finding of noninferiority is consistent with our hypothesis and 
bolsters similar results found in other studies that otherwise 
had notable limitations (e.g., involved participant populations 
that were disproportionately male,28 female,29,30 white,30 highly 
educated,28,30,31 or had substantial prior research experience28,31). 
Together, this body of evidence suggests that comprehension 
would not be adversely affected by proposed changes to federal 
research regulations intended to make informed consent more 
concise and meaningful:10

Consent forms would no longer be able to be unduly long 
documents, with the most important information often 
buried and hard to find. They would need to give appropri-
ate details about the research that is most relevant to a per-
son’s decision to participate … and present that information 
in a way that highlights the key information. (p. 5936)

Contrary to our expectations, however, the simplified form 
did not produce significantly better comprehension among 
those with less education. It is important to note that we cre-
ated our traditional form to contain the same information 
as our simplified form, but with a level of detail and reading 

Table 3 Participant characteristics by need for review/
retest (weighted)

Required review and 
retesting

P value*

No  
(n = 374)

Yes  
(n = 1,542)

n (%) n (%)

Consent form

  Simplified form 189 (51) 780 (51) 0.98

  Traditional form 185 (49) 762 (49)

Age groupa

  18–29 41 (11) 164 (11) 0.04

  30–44 124 (33) 414 (27)

  45–59 114 (31) 476 (31)

  ≥60 96 (26) 488 (32)

Educationa

  Less than high school 11 (3) 232 (15) <0.0001

  High school 63 (17) 423 (27)

  Some college 129 (35) 433 (28)

  Bachelor’s degree or higher 172 (46) 454 (30)

Race/ethnicity

  White, non-Hispanic 312 (83) 999 (65) <0.0001

  Black, non-Hispanic 15 (4) 197 (13)

  Other, non-Hispanic 8 (2) 66 (4)

  Hispanic 20 (5) 234 (15)

  Two or more races, non-Hispanic 19 (5) 45 (3)

Sex

  Male 182 (49) 715 (46) 0.49

  Female 192 (51) 826 (54)

Household incomea

  $0–$24,900 36 (10) 266 (17) <0.0001

  $25,000–$49,900 79 (21) 358 (23)

  $50,000–$74,900 70 (19) 306 (20)

  $75,000–$99,900 54 (14) 205 (13)

  ≥$100,000 137 (37) 407 (26)

Employment status

  Working 240 (64) 872 (57) 0.01

  Retired 58 (16) 348 (23)

  Disabled 21 (6) 134 (9)

  Not working, other 55 (15) 189 (12)

Geographic region

  Northeast 62 (17) 282 (18) 0.88

  Midwest 88 (24) 344 (22)

  South 139 (37) 568 (37)

  West 85 (23) 348 (23)

Internet access

  No 23 (6) 263 (17) <0.0001

  Yes 351 (94) 1,279 (83)

In general, how would you rate your health?

  Poor/fair 54 (14) 280 (18) 0.02

  Good 141 (38) 634 (41)

  Very good/excellent 179 (48) 629 (41)
aSurvey-adjusted t-test for ordinal categorical row variables. *P values based on 
Rao-Scott chi-square test (Pearson chi-square test with survey design correction) for 
nominal categorical row variables. 
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complexity similar to those of biobanking consent forms actu-
ally in use. Many biobanks have made major efforts to improve 
their forms,32 and these improvements are correspondingly 
reflected in the ninth- to tenth-grade reading level of our tradi-
tional form (Supplementary Appendix C online). Thus, even 
among those without a high school diploma, the traditional 
form may have presented less of a reading challenge—in gen-
eral and in comparison to the simplified form—than might 
otherwise have been the case.

The fact that we did not find support for our superiority hypoth-
esis should not deter from the goal of making consent forms 
shorter and more concise. Consent-process measures other than 
comprehension favor more streamlined forms. For example, 
some studies suggest that participants may be less anxious and 
more satisfied with simpler forms.29,30 In our survey, three times 
as many participants who received the traditional form said there 
was too much information compared with those who received 
the simplified form—a result consistent with findings reported 
by Stunkel et al.28 concerning perceptions of consent form length 
and amount of detail. Further, our findings of noninferiority 
with regard to comprehension, together with our observations 
concerning time spent on the consent-form screens, suggest that 
participants achieved similar levels of understanding while need-
ing to spend less time with the simplified form than with the tra-
ditional form. As proposed in our previous work20:

A likely motivation among research participants is to 
understand efficiently the choice being presented to them. 
In other words, they want to spend as much time as nec-
essary, but no more, obtaining information and making a 
decision about taking part in research. (p. 571)

Even so, it may be that simplification of forms is necessary 
but not sufficient for achieving adequate comprehension in all 
population groups, and further research on interventions such 
as multimedia aids is warranted.33–35

Our results also provide support for the role of a comprehen-
sion assessment in improving understanding. In our survey, a 
brief quiz followed by targeted review of consent information 
and retesting of missed items significantly improved compre-
hension scores. We designed this Web-based intervention to 
generally mimic “teach-back,” a technique for checking and 
correcting understanding that has shown promise when con-
sent is obtained in person.15,16,36,37 In contexts such as biobank-
ing, which may be moving toward Internet-based consent 

Table 4 Effect of review/retest among participants requiring it (weighted)
Mean scorea % Demonstrated adequate comprehensionb

Initial quiz (95% CI)
After review and retest 

(95% CI)
Initial quiz (95% CI)

After review and retest 
(95% CI)

Overall (n = 1,542)

  Simplified form 16.6 (16.3, 16.9) 19.9 (19.7, 20.1) 0 — 58.4 (54.7, 62.2)

  Traditional form 16.8 (16.5, 17.1) 19.8 (19.6, 20.0) 0 — 55.1 (51.2, 58.9)

  Total 16.7 (16.5, 16.9) 19.8 (19.7, 20.0) 0 — 56.8 (54.1, 59.4)

Low education (n = 232)

  Simplified form 14.8 (14.0, 15.6) 18.7 (18.0, 19.4) 0 — 41.2 (32.7, 49.8)

  Traditional form 15.1 (14.3, 15.9) 18.5 (17.8, 19.2) 0 — 37.8 (29.2, 46.4)

  Total 14.9 (14.4, 15.5) 18.6 (18.1, 19.1) 0 — 39.6 (33.5, 45.6)

High education (n = 1,310)

  Simplified form 17.0 (16.6, 17.3) 20.1 (19.9, 20.3) 0 — 61.6 (57.4, 65.7)

  Traditional form 17.1 (16.8, 17.4) 20.0 (19.8, 20.2) 0 — 58.0 (53.8, 62.3)

  Total 17.0 (16.8, 17.2) 20.0 (19.9, 20.2) 0 — 59.8 (56.8, 62.8)
aTheoretical range: 0 (all answers incorrect) to 21 (all answers correct). b“Adequate comprehension” = perfect score of 21.

Table 5 Other consent-process measures, all participants 
(weighted)

Overall  
(n = 1,916)

Simplified 
form (n = 969)

Traditional 
form  

(n = 947)

P valuean (%) n (%) n (%)

If you were thinking about taking part in a biobank, how would you rate 
the amount of information provided in the consent form you read?

 Way too little 15 (1) 9 (1) 5 (1) <0.0001

 Too little 58 (3) 40 (4) 18 (2)

 About right 1,562 (82) 846 (88) 716 (76)

 Too much 189 (10) 50 (5) 139 (15)

 Way too much 82 (4) 18 (2) 65 (7)

Do you think giving people a quiz like the one you took is a good idea to 
help make sure they understand a biobank before they sign up?

 Definitely not 26 (1) 13 (1) 13 (1) 0.16

 Probably not 126 (7) 74 (8) 52 (6)

 Probably yes 835 (44) 423 (44) 411 (44)

 Definitely yes 918 (48) 452 (47) 467 (50)

If the place where you get your health care had a biobank like the one 
you read about, would you take part in the biobank if asked?

 Definitely not 142 (7) 67 (7) 74 (8) 0.52

 Probably not 525 (28) 273 (28) 251 (27)

 Probably yes 990 (52) 512 (53) 478 (51)

 Definitely yes 246 (13) 111 (12) 135 (14)
aSurvey adjusted t-test on the ordinal 4- or 5-point scale.
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processes (potentially including dynamic consent) that do not 
rely exclusively on human interaction,38 it is ethically important 
to find other ways to help ensure that prospective participants 
understand fundamental aspects of the research. Our partici-
pants reacted very favorably toward the quiz, and higher com-
prehension scores were significantly associated with a higher 
degree of stated willingness to participate in the hypothetical 
biobank. Whether or not the review/retest procedure itself is 
critical—compared with, for example, simply reinforcing key 
information by providing a succinct explanation of the correct 
answers to quiz items—is a worthy area for future research.

Despite the generally high levels of comprehension produced 
by our consent form and review/retest interventions, one-
third of our survey sample failed to achieve a score of 100% 
on the quiz needed to demonstrate adequate comprehension. 
Although additional enhancements to form and process may 
lead to further gains in quiz scores, our results raise profound 
questions regarding the role of comprehension in informed 
consent. Long considered a foundational pillar of the endeavor 
(together with disclosure and voluntariness), assessing consent 
comprehension leads to thorny issues regarding whether to set 
a threshold for understanding below which the person may not 
be objectively “informed” and what, if any, the consequences 
should be for failure to meet that threshold. This is an area of 
research we are currently pursuing.

Our survey was explicitly designed to address limitations 
identified in some previous studies of consent interventions. 
Strengths included a diverse national sample, appropriately 
powered to test our hypotheses and weighted to the US adult 
English-speaking population; a randomized design; empirically 
derived consent forms; and a systematically developed compre-
hension measure that enabled comparative assessment of our 
interventions as well as absolute assessment regarding whether 
adequate comprehension was achieved.

Interpretation of our results is subject to two primary limita-
tions. First, our survey involved a hypothetical biobank, not an 
actual consent situation. Thus, participants may have paid a dif-
ferent level of attention to the task of reading the consent form 
and taking the quiz than they would if making a real-life partic-
ipation decision. They may have paid more attention based on 
our survey instructions alerting them that there would be a quiz. 
To the extent that this may have helped improve comprehen-
sion, we suggest that participants in actual consent situations be 
told up front, “We will ask you a few questions to be sure we did 
a good job explaining what people need to know about taking 
part in a biobank.” However, our primary concern in design-
ing the survey was that participants would pay less attention, 
given that their participation was anonymous and performance 
on the quiz entailed no consequence. To address this, we for-
mulated our survey instructions to emphasize that participants’ 
input would provide valuable assistance in improving consent 
forms and processes for others in the future.

Second, we selected a true/false format for our comprehension 
measure to minimize the cognitive burden involved in testing 
the 21 elements of information encompassed in the statements 

resulting from our Delphi process. We developed two versions 
of each quiz item to avoid rote answers in the second attempt. 
Even so, one obvious disadvantage is the 50/50 chance of guess-
ing the correct answer to a true/false item. We offered “Don’t 
know” as an answer option to provide a ready alternative to 
guessing or skipping. Another disadvantage with true/false 
items is the difficulty in assessing potentially problematic survey 
response patterns, such as straight-lining (respondents click-
ing the same answer every time). We removed “speeders” from 
our data set but otherwise did not second-guess response pat-
terns. Finally, despite rigorous pretesting, it is possible that for 
some participants incorrect answers were due to the wording of 
some items. Consent forms typically comprise mostly positively 
worded statements about what will happen if one participates; 
therefore, devising quiz items for which the correct answer is 
“false” (entailing a negatively worded stem) was challenging. We 
are currently working on improvements to the quiz, including 
the development of concise multiple-choice items.

We hope the results of this research will prove useful to the 
evolution of effective, participant-friendly approaches to bio-
banking consent forms and processes, as well as contribute 
methodologically and conceptually to ongoing efforts to study 
and improve informed consent more broadly.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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