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Background and Significance

An increasing number of patients have access to their test
results in their medical record through patient portals.1

Providing access to medical records is a key “meaningful
use” criterion2 used for incentive payments to providers
under the new Merit-based Incentive Payment System
(MIPS) program for physician payment. While such access
is highly valued by patients,3 prior qualitative work has
raised concern that many patients have trouble understand-
ing the information they are receiving.4 Text-based test
results such as pathology, radiology, and procedure reports

that are provided in patient portals are written for commu-
nication between medical providers; therefore, the reports
typically include complex medical language and extraneous
information for patients. Ideally, health care providerswould
interpret these results for their patients via a phone call,
letter, or during a visit. However, most patients view this
information in the portal first.5 Poor comprehension may be
particularly high for those with low medical literacy.4 The
most basic information a patient can pull from a laboratory
report is what the results were and if there is any follow-up
needed.6
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Abstract Objectives More patients are receiving their test results via patient portals. Given test
results are written using medical jargon, there has been concern that patients may
misinterpret these results. Using sample colonoscopy and Pap smear results, our
objective was to assess how frequently people can identify the correct diagnosis and
when a patient should follow up with a provider.
Methods We used Mechanical Turk—a crowdsourcing tool run by Amazon that
enables easy and fast gathering of users to perform tasks like answering questions
or identifying objects—to survey individuals who were shown six sample test results
(three colonoscopy, three Pap smear) ranging in complexity. For each case, respon-
dents answered multiple choice questions on the correct diagnosis and recommended
return time.
Results Among the three colonoscopy cases (n ¼ 642) and three Pap smear cases
(n ¼ 642), 63% (95% confidence interval [CI]: 60–67%) and 53% (95% CI: 49–57%) of the
respondents chose the correct diagnosis, respectively. For the most complex colono-
scopy and Pap smear cases, only 29% (95% CI: 23–35%) and 9% (95% CI: 5–13%) chose
the correct diagnosis.
Conclusion People frequently misinterpret colonoscopy and Pap smear test results.
Greater emphasis needs to be placed on assisting patients in interpretation.
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Objectives

Our goalwas to quantify the extent towhich people interpret
medical screening tests correctly and whether they can
determine, from the resulting report they receive after a
test, what their diagnosis is and the recommended time to
return to the doctor.

Methods

We focused on the results of colonoscopy and Pap smear for
testing because they are common; tens of millions7,8 of
Americans receive these screenings eachyear, and the results
are delivered in text (vs. a numerical test result). Real-world
examples of colonoscopy and Pap smear results were
reviewed by two physicians (A.M. and S.H.F.) who modified
the reports to remove any patient identifiers.

We chose three different laboratory reports of varying
complexity for each of the two procedures (see►Table 1): for
each kind of procedure, case 1was the least complex and case
3 was the most complex. Difficulty was determined qualita-
tively and comparatively, based on how explicitly the results
were stated and how easy the results were to find in the
report. The cases are included in ►Supplementary Material

S1 and S2 (available in the online version).
Amazon Mechanical Turk (mTurk) is an online labor

market that has been used in numerous research studies in
behavioral research as well as increasingly in health.9 We
used mTurk to quickly and efficiently field survey questions
on health literacy to a large number of individuals.

We recruited a sample of adults (n ¼ 1,000) from mTurk.
We began with a preliminary survey to obtain informed
consent and allow for randomized assignment of partici-
pants to different testing categories as well as to collect
information about age, gender, their education level,
whether they had any medical training, whether they had
insurance, and if they had any difficulty reading, writing, or

understanding information. Our sample comprised only
those with higher than a 95% approval rating to achieve
high data quality.10 Of those, 642 completed the follow-up
survey for inclusion in the study. Each participant then
received a random procedure result and associated follow-
up pathology of varying complexity for one of the two
possible test result types—colonoscopy or Pap smear—using
their Mechanical Turk ID number. The preliminary survey
also ensured that a single individual did not take multiple
surveys and that all responders were United States based and
had high (95%) approval ratings to try and ensure the quality
of collected data.10

All participants were paid federal minimum wage for the
time they took to complete the test based on a priori
estimates of time to complete. While there is no clear
relationship between wage and quality, we paid a higher
wage in case it was helpful.11 The total payout to participants
was approximately $485.

The surveywas completed in 7 days based on reaching our
minimum target number of participants and budget limit.
For each case (colonoscopy and Pap smear), the respondent
was asked to select the correct diagnosis and also askedwhen
an appropriate time would be to return to the doctor based
on this result frompresetmultiple-choice options (for full set
of questions and answer choices, see ►Supplementary

Material S3 [available in the online version]).

Results

Among the 642 respondents, women made up the majority
(67%) and 46% were between 18 and 34 years of age. The
single largest age category was ages 25 to 29 at 19%.

For diagnosis, among all colonoscopy results, 63% of the
642 respondents correctly chose the diagnosis, and for Pap
smear results, 53% of the 642 respondents correctly inter-
preted the diagnosis (see ►Table 2). At baseline, the percent
correct diagnosis for colonoscopy ranged from29% (n ¼ 203)

Table 1 Test diagnosis and return times, by case

Colonoscopy

Complexity Case 1
(low complexity)

Case 2
(moderate complexity)

Case 3
(high complexity)

Correct diagnosis Everything was normal There was a growth, but it was not
related to cancer, and there was
swelling on the person’s anus or
bottom (hemorrhoids).

There was a growth and it was
cancer and there were little
pouches on the colon wall
(diverticulosis).

Correct return time In 1–2 years In 3–10 years In 6 months

Pap smear

Complexity Case 1
(low complexity)

Case 2
(moderate complexity)

Case 3
(high complexity)

Correct diagnosis Everything was normal The test was not normal, it is not
cancer, but it might turn into cancer
later, and there was a yeast
infection.

Cancer was found

Correct return time In 3–5 years In 1 year Within the next 2 weeks
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to 93% (n ¼ 221) and the percent correct diagnosis for Pap
smears ranged from 9% (n ¼ 214) to 98% (n ¼ 208)
(see ►Fig. 1). There was no association between age of
respondent and correct choice of diagnosis.

The return timewas selected correctly for colonoscopy by
18% for the low complexity case, 89% for the intermediate
complexity case, and 26% for the complex case. The correct
return time for Pap smears was selected by 9% for the low
complexity case, 41% for the intermediate complexity case,
and 26% for the complex case.

Discussion

Driven in part by federal incentives, there has been a
proliferation of patient portals where patients can view
their test results. While such efforts are patient centric and
quite popular, prior qualitative studies have suggested
that test results are sometimes not understood.12 The
findings of our survey echo these concerns with two
common cancer screening tests, colonoscopy and Pap
smear results.

Table 2 Rates of respondents being able to identify correct diagnosis and return time

Colonoscopy

Case 1 (n ¼ 221)
(low complexity)

Case 2 (n ¼ 218)
(moderate complexity)

Case 3 (n ¼ 203)
(high complexity)

Rate of identifying correct diagnosis 93% 65% 29%

Rate of identifying correct return time 18% 89% 26%

Pap smear

Case 1 (n ¼ 208)
(low complexity)

Case 2 (n ¼ 220)
(moderate complexity)

Case 3 (n ¼ 214)
(high complexity)

Rate of identifying correct diagnosis 98% 54% 9%

Rate of identifying correct return time 9% 41% 29%

Fig. 1 Percent correct by type of test (colonoscopy versus Pap), case (1 versus 2 versus 3, with 1 being the least complex), and gender. More
complex cases (3 versus 2 versus 1) had lower rates of percent correct (p < 0.001). Differences by gender were not significant.
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Successful interpretation of the results, not surprisingly,
did vary by the complexity of the results. When the results
were normal, most respondents were able to successfully
identify that this was a normal diagnosis. However, when
there was a more serious diagnosis such as a cancer, a
minority were able to recognize this serious diagnosis. In
contrast, identification of when they should follow up did
not vary by complexity of the diagnosis. The results indicate
that some information in these laboratory reports will be
obvious tomost patients (i.e., normal results for colonoscopy
and Pap smear), while other information will be difficult for
nearly all patients (i.e., when to return for a follow-up for
normal Pap smear results or when to return for abnormal
colonoscopy results), which is important for patients to
understand to get the right care at the right time. Given
the high education rate of our test population, based on
mTurk demographics, the risk of those of lower educational
background to misunderstand results would be even higher.

There are several ways that health systems could assist
patients in interpretation. The most ideal would be that the
ordering physician always writes a note when the test is
released to the patient to assist with interpretation. That is
the expectation of most health systems. Unfortunately, prior
work has highlighted that this provider interpretation occurs
in the minority of cases. Providers have many competing
demands, and this is a time-intensive task. Possibly technology
could be used to assist. For example, natural language proces-
sing methods could be used to “translate” these reports from
the complex medical language to a language that is at the
appropriate reading comprehension level. Such tools could
potentially be used to ease the burden on providers or be used
in an automated matter. Without better patient understand-
ing, patient portals could stress and confuse patients rather
than inform them.We did not design this study to distinguish
between positive and negative findings, but since physicians
often do not provide follow-up after negative results, while
positive results have more serious consequences, follow-up
work could include examining whether understanding should
focus on positive results or negative results and when.

One novel innovation of this project was the use of the
mTurk platform tofield this short survey. This builds on other
studies that have used mTurk to understand patient com-
prehension.13,14mTurk allowed for a rapid and cost-effective
approach (<$500) to easily assess patients’ understanding of
typical test results without any instruction across a large
population of varying demographics. The National Institutes
of Health is encouraging researchers to consider mTurk for
research.15 Given the speed and low cost, mTurk’s ideal role
may be in targeting next steps of a study (i.e., experimenting
with different types of information presentation), improve
practices (i.e., targeting on patient education materials such
as difficult-to-interpret results instead of all results), or to
clarify assumptions about health literacy or comprehension.
mTurk does have its limitations. mTurk respondents tend to
bemore educated, younger, and a higher percent female than
the averageU.S. population. However, it has been argued that
it is more representative than typical American college
samples, which are commonly used in health literacy stu-

dies.16 Another concern is the quality of the responses from
mTurk. Respondents are paid per task and therefore they
have a financial incentive to answer questions as quickly as
possible. It is possible to screen for higher quality respon-
dents through preliminary testing, or to select them using
reputation scores, as we did.17

There are other important limitations of this study beyond
the use of the mTurk platform. Respondents were not viewing
their own test results. Therefore, they were not likely to be in
the same frame ofmind as those patients reviewing their own
cancer screening tests. Their emotional involvement was
therefore less and they are likely less anxious and less invested
in understanding the results than a real patient. The impact of
this bias on comprehension is unclear. mTurk respondents
could be less invested to determine the right answer and
simply rush to complete the survey. However, if anxiety clouds
the understanding of a real patient, our mTurk respondents
couldmake less mistakes. Additionally, there are other limita-
tions to mTurk, including the issue of representation,18 con-
cern for bots confounding results or intentional fraud,19,20

concern for low data quality (we did not use attention check
questions, though we limited our sample to high reputation
workers),10 and more. Finally, we used a convenience sample
and not a probability sample, thus the point estimatesmay not
be what will be seen in the general population,17 but the
relative rates should still be informative.

In summary, our results highlight that it may be common
for patients to misinterpret common laboratory results.

Clinical Relevance Statement

Patients often misinterpret common laboratory results. We
recommend changes to results’ format to include clearer
explanation of the results and expected follow-up to ensure
accurate comprehension.

Multiple Choice Questions

1. What is the main benefit of using Amazon Turk?
a. Speed.
b. Accuracy.
c. Representativeness.
d. Validity.

Correct Answer: The correct answer is option a, speed.

2. Which is a downside of using Amazon Turk?
a. The sample may not be representative.
b. The cost is prohibitive.
c. It takes a long time to get results.
d. It has not been used for medical studies yet so we

cannot trust it.

Correct Answer: The correct answer is option a,
representativeness.

Protection of Human and Animal Subjects
This project was deemed exempt by RAND’s institutional
review board.
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