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ABSTRACT

Objective: Dietary supplements are widely used. However, dietary supplements are not always safe. For exam-
ple, an estimated 23 000 emergency room visits every year in the United States were attributed to adverse
events related to dietary supplement use. With the rapid development of the Internet, consumers usually seek
health information including dietary supplement information online. To help consumers access quality online
dietary supplement information, we have identified trustworthy dietary supplement information sources and
built an evidence-based knowledge base of dietary supplement information—the integrated Dletary Supple-
ment Knowledge base (iDISK) that integrates and standardizes dietary supplement related information across
these different sources. However, as information in iDISK was collected from scientific sources, the complex
medical jargon is a barrier for consumers’ comprehension. The objective of this study is to assess how different
approaches to simplify and represent dietary supplement information from iDISK will affect lay consumers’
comprehension.

Materials and Methods: Using a crowdsourcing platform, we recruited participants to read dietary supplement
information in 4 different representations from iDISK: (1) original text, (2) syntactic and lexical text simplification
(TS), (3) manual TS, and (4) a graph-based visualization. We then assessed how the different simplification and
representation strategies affected consumers’ comprehension of dietary supplement information in terms of ac-
curacy and response time to a set of comprehension questions.

Results: With responses from 690 qualified participants, our experiments confirmed that the manual approach,
as expected, had the best performance for both accuracy and response time to the comprehension questions,
while the graph-based approach ranked the second outperforming other representations. In some cases, the
graph-based representation outperformed the manual approach in terms of response time.

Conclusions: A hybrid approach that combines text and graph-based representations might be needed to ac-
commodate consumers’ different information needs and information seeking behavior.
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LAY SUMMARY

Dietary supplements are widely used but not always safe. Consumers often seek health information including dietary sup-
plement information online. The integrated Dletary Supplement Knowledge base (iDISK) was created, integrating trustworthy
dietary supplement information across scientific sources, to help consumers access quality online dietary supplement infor-
mation. However, the complex medical jargon from scientific sources is a barrier to consumers’ comprehension, where text
simplification combined with other alternative information presentation methods can potentially be useful. We developed
three different information representation approaches: (1) syntactic and lexical text simplification, (2) manual text simplifica-
tion, and (3) a graph-based visualization, and assessed how these different approaches to simplify and represent dietary sup-
plement information from iDISK will affect consumers’ comprehension. To do so, we used a crowdsourcing platform to re-
cruit participants to read dietary supplement information in different representations, and then assessed their ability to
answer a set of comprehension questions in terms of accuracy and response time. Our experiment results show that the
manual text simplification approach had the best performance for both accuracy and response time, while the graph-based
approach ranked the second. A hybrid approach that combines text and graph-based representations might be needed to ac-

commodate consumers’ different information needs and information-seeking behavior.
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INTRODUCTION

More than 77% of Americans take dietary supplements based on the
latest 2019 survey commissioned by the Council for Responsible Nu-
trition.! Vitamins and minerals continue to be the most popular die-
tary supplement products, where more than 76% of US adults have
taken at least 1 dietary supplement in the past year'. The consump-
tion of dietary supplement is generally high regardless of age groups:
70% of adults between the ages 18-34, 81% of adults between the
ages 35-54, and 79% of adults ages over 55." Many dietary supple-
ment consumers expressed overall confidence in the safety, quality,
and effectiveness of dietary supplement use; however, dietary supple-
ment are not always safe. For example, more than 15 million US
adults are at risk for drug-supplement interactions (DSIs) or high—
dose vitamins.> An estimated 23 000 emergency room visits every
year in the United States were attributed to adverse events related to
dietary supplement use.® There is also increasing evidence that dietary
supplement can interact with a wide range of prescription medica-
tions, resulting in adverse events.* Despite these safety concerns, there
are significant information gaps on appropriate dietary supplement
use for consumers. Further, dietary supplement consumption is not
disclosed by patients to their physicians in 42.3% of all cases® and
even lower rates of communication were noted with pharmacists.®
The use of dietary supplement is often self-medicated, leading
patients to seek relevant dietary supplement use information on their
own.” The Internet is the first place for consumers to find health in-
formation.®’ Based on our recent study analyzing questions related
to dietary supplement on Yahoo! Answer, we found consumers fre-
quently seek information on dietary supplement usage, adverse
effects, and addiction.'® Currently, many online sites contain basic
dietary supplement information, their therapeutic use, safety warn-
ings, effectiveness, and information on dietary supplement—related
research studies. However, much of this online information consists
of opinions, salesmanship, testimonials, and claims that are not evi-
dence based. Access to quality online health information has long
been a concern.!! In our prior study, we have identified trustworthy
dietary supplement information sources such as product labels from
the Dietary Supplement Label Database (DSLD) and patient educa-
tional information from Memorial Sloan Kettering Cancer Center

(MSKCC) and built a evidence-based knowledge base of dietary

supplement information—the integrated Dletary Supplement

Knowledge base (iDISK) that integrates and standardizes dietary
supplement related information across these different sources.'*"?

Nevertheless, as information in iDISK was collected from scien-
tific sources (eg, scientific literature and monographs written by
clinicians and scientists), complex medical jargon is a barrier to con-
sumers’ comprehension of dietary supplement related health infor-
mation, resulting in confusion and potentially inappropriate use of
dietary supplement products. As only 12% of US adults are consid-
ered to have proficient health literacy,'* a number of government
agencies and national programs (eg, the Clear Communication In-
dex from the Centers for Disease Control and Prevention'® and the
Clear Communication initiative at the National Institutes of
Health'®) recommended that health information content should be
(1) written in plain language that is understandable to lay consumers
and (2) clear and simple, especially when developing content for
people with limited literacy skills. Built on iDISK, we previously de-
veloped ALOHA—an interactive graph-based visualization plat-
form to facilitate consumers’ browsing and understanding of dietary
supplement information in the iDISK,'” following a user—centered
design process. The usability testing of ALOHA was acceptable (ie,
a System Usability Scale score of 64.4 + 7.2) and most participants
in the usability testing sessions thought that the graph—based visuali-
zation in ALOHA is a creative and visually appealing format to ob-
tain health information. Nevertheless, it is not clear yet whether a
graph-based visualization or simply text simplification (TS) will im-
prove lay consumers’ comprehension of evidence-based dietary sup-
plement information in iDISK.

In the past, Amazon Mechanical Turk (MTurk), a web-based
microtask crowdsourcing platform, where individuals perform hu-
man intelligence tasks online in exchange for payment, has been
used to evaluate laypeople’s comprehension of medical information.
For example, Yu et al.'"® employed MTurk to evaluate laypeople’s
comprehension of medical pictograms. Lalor et al.® utilized MTurk
to assess patients’ electronic health record note comprehension. Cho
1.%° used MTurk to assess patient comprehension of radiology
reporting templates and radiology colloquialisms.
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In this study, we aimed to assess how different approaches to
simplify and represent dietary supplement information from iDISK
will affect lay consumers’ comprehension. By using MTurk, we
tested 4 different representations:' original scientific language,* TS
through manual curation,® TS through a hybrid simplification ap-
proach (ie, syntactic simplification model followed by lexical simpli-
fication replacing medical jargons with terms from consumer health
vocabulary [CHV]),>! and* graph-based visualization, and assessed
how the different simplification strategies affected consumers’ com-
prehension of dietary supplement information in terms of accuracy
and response time to the comprehension questions.

MATERIALS AND METHODS

This study was reviewed and approved as Exempt by the University
of Florida Institutional Review Board under protocol number
IRB202100602.

Data sources

We randomly selected 10 dietary supplement ingredients and
extracted their information from the iDISK, which encompasses
both a terminology of dietary supplement ingredients and a struc-
tured knowledge base of dietary supplement related information.'?
iDISK was developed through integrating essential dietary supple-
ment information from 4 commonly used and trusted dietary sup-
Natural
Database (NMCD)—a commercial dietary supplement ingredient-
level database, the “About Herbs” page on the MSKCC website,
the DSLD—a database of dietary supplement product labels with
over 76 000 dietary supplement products marketed in the United
States, and the Natural Health Products Database (NHP)—a data-
base that covers natural health products with a product license is-

plement resources: the Medicines Comprehensive
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Figure 1. The overall design and flow of the study.

sued by Health Canada. We initially extracted 3 sections of
textual information about a dietary supplement ingredient from
iDISK: (1) background (ie, a summary of information about the
ingredient such as its origination, uses, and constituent, extracted
from NMCD, MSKCC, and NHP), etc., (2) mechanism of action
(ie, the mechanism by which an active substance produces an ef-
fect on a living organism or in a biochemical system, based on
MSKCC), and (3) safety (ie, a summary of the safety concerns
such as adverse reactions associated with using the ingredient).
Through discussions with the clinician on the team, we reached a
consensus that the current information on the mechanism of ac-
tion for a dietary supplement ingredient in iDISK is too granular
and intended for health care professional use. Thus, we focused
on the background and safety information in our consumer com-
prehension experiments. The length of the text for each dietary
supplement ingredient varies, however, is typically too long (ie, a
couple of paragraphs) for a crowdsourcing experiment. Thus, we
extracted a random paragraph (ie, 3—5 continuous sentences) from
each section of the dietary supplement information.

Overall study design

Figure 1 shows the flow of our study design. We tested 4 different
representations of the dietary supplement information: the original
text, 2 TS strategies (ie, manual curation and a hybrid syntactic with
lexical TS strategy), and a graph—based strategy. Table 1 shows an
example of the 3 text—based representations, and Figure 2 shows an
example of the graph-based representation for the dietary supple-
ment ingredient “Omega 3.” We manually created 1 comprehension
question for each of the 2 sections (ie, background and safety) for
each dietary supplement ingredient, presented the different represen-
tations of the dietary supplement information to participants
recruited through MTurk, and assessed their comprehension of the
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Table 1. An example of the 3 text-based representations for the background section of “Omega 3”

Original Manual

Syntactic + lexical (selected con- Question

tent)a

A type of polyunsaturated fatty
acid (PUFA)-derived mainly
from fish oil, omega-3 fatty acids
are used as a dietary supplement
for depression, to lower choles-
terol, and to reduce the risk of
heart attack. Data from a ran-
domized trial suggest that
omega-3 may be useful in reduc-
ing the risk of progression to
psychiatric disorders and as a
safe preventive measure in young
adults at risk for psychotic con-
ditions. Omega-3 fatty acid sup-
plementation lowers cholesterol
and may reduce recurrence in
patients with a history of stroke.

A type of polyunsaturated fatty

acid (PUFA) developed mostly
from fish oil, omega-3 fatty acids
are used as a food supplement
for depression, to lower choles-
terol, and to cut the risk of heart
attack. Research suggests that
omega-3 may be useful in cut-
ting the risk of growth to psychi-
atric problems and as a safe
preventive measure in young
adults at risk for psychotic
health problems. Omega-3 fatty
acids lower cholesterol and may
cut the risk of stroke for patients
who had a stroke in the past.

Do omega-3 fatty acids increase
cholesterol and increase the risk
of heart attack?

Answer: no

A types of polyunsaturated fatty
acids are used by as a dietary
supplement for mental depres-
sion, togo lower cholesterol.

Data from a randomized clinical
trials suggest that omega 3 fatty
acid may be usage in reduced the
risk of progression to mental ill-
ness at risk for mental disorder.

Omega 3 fatty acid dietary supple-
mentation may reduce recurring
in patient with a medical history
of stroke.

?A machine learning-based synaptic text simplification model was run first, and medical jargons were then replaced based the Consumer Health Vocabulary re-

source. Due to page limit, only a selected set of results is shown here.
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Figure 2. An example of the graph—based representation for the background section of “Omega 3.”

dietary supplement information through their answers to the ques-
tions and response time. We also collected basic demographics of
each participant (eg, age groups, gender, and race) as well as their
health literacy level using the validated Newest Vital Sign (NVS)
health literacy assessment tool developed by Pfizer.>*

Manual text simplification and question generation

Two coauthors (JA and AR) with background in health communi-
cation manually simplified the original text with the help of a
commercial product—Health Literacy Advisor (HLA).2> HLA is
an interactive health literacy tool that that highlights complex
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health terms such as words with more than 3 syllables. Plain lan-
guage replacements are suggested based on various validated read-
ability indexes, such as Fry, ARI, Precise SMOG Index,
FORCAST Readability Grade, and Flesch Reading Ease Score.
HLA has been used to improve the readability of health docu-
ments and health education materials,>*%
maries for patients,?® refine messages for health interventions,

improve clinical sum-
27,28
and for the evaluation of educational programs for cancer survi-
vors.”” However, HLA suggestions did not account for the impact
on sentence structure and overall readability. For instance, senten-
ces incorporated with HLA suggestions were sometimes grammati-
cally incorrect or the meaning of the sentence was changed. Thus,
the 2 coauthors manually edited the HLA-simplified text making
grammatical edits and replacing HLA suggestions if the original
meaning was lost. The authors also searched the Internet and used
verified government health websites to find common terms for
medical and scientific jargon not replaced by HLA. The most ex-
tensive edits involved re-arranging sentences within each descrip-
tion to produce a narrative style summary (ie, changing the order
of subject-verb-predicate or making passive sentences active).
Based on elements that were changed during the manual edits, for
each ingredient, we also generated 2 questions with gold-standard
yes or no answers—1 for each of the background and safety sec-
tions, respectively. A pharmacist (TA) reviewed the manual
descriptions as well as the questions to ensure that the original
meaning of the text was retained.

Syntactic and lexical text simplification approach

We applied both syntactic simplification and lexical simplifica-
tion on the original texts. For syntactic simplification, we used
the iSimp”® tool (developed by YP) to process the original texts
at the document level. The iSimp is a sentence simplification
system designed to detect various types of clauses and constructs
used in a complex sentence and produce multiple simple senten-
ces while maintaining both coherence and meaning of the com-
municated message. It first tokenizes the text into a sequence of
nonoverlapping chunks and uses recursive transition networks to
detect simplification constructs. And then, it generates simplified
sentences by combining various simplification constructs. Cur-
rently, iSimp can detect 6 major types of simplification con-
structs, including coordination, relative clause,
introductory phrase, subordinate clause, and parenthetical ele-

ment.

apposition,

After syntactic simplification, we did lexical simplification by
replacing medical jargons with mapped lay consumer terms
from the Consumer Health Vocabulary (CHV)*' in the Unified
Medical Language System (UMLS).>> CHV is a collection of
terms found to best represent the medical concepts for consum-
ers and mapped to corresponding professional terms. Previous
studies have shown that CHV terms were more comprehensible
by patients when compared with their professional synonyms.*!
The lexical simplification includes 3 main steps: (1) detecting
the potential medical jargons and locating their positions in the
sentences, (2) identifying the UMLS Concept Unique Identifiers
(CUI) of potential matched CHV terms, and (3) replacing the
medical jargons with the CHV terms identified by CUIL The

first 2 steps were completed using MetaMap,®® which analyzes
the words in the text and matches the candidate words to

UMLS vocabularies.

Graph-based visualization of dietary supplement
information

Based on our prior work (ie, ALOHA—an interactive graph—based
visualization platform to facilitate browsing of dietary supplement
information in the iDISK),'” we further developed a graph—based vi-
sualization to represent the dietary supplement information. The vi-
sualization relied on an open-source web-based graph visualization
framework—InteractiveGraph.>* To generate the visualization, we
manually extracted semantic triples (eg, “omega-3 fatty acids”—
“are used as”—“food supplements” in [subject]-<predicate>-[ob-
ject]) from the original text. Then we built the visualization by trans-
forming the subjects/objects to nodes and the predicates (or
relations) to links between the subject and object nodes. Figure 2
shows an example of the graph-based representation for the back-
ground section of “Omega 3.”

Crowdsourcing experiments to assess consumers’
comprehension of dietary supplement information
using different representations

To assess how these different simplification strategies will affect
consumer’s comprehension of dietary supplement information, we
designed a web-based tool, namely Simplified Text Understanding
Test (STUT), to facilitate the MTurk experiment. STUT consists of
5 parts: (1) a brief onboarding video tutorial about how to use
STUT, (2) 4 demographic questions (ie, age group, gender, ethnicity,
and race), (3) the NVS health literacy assessment, (4) the simplified
representation and corresponding questions, and (5) the reward
code page. The NVS (Figure 3) health literacy assessment tool is a
brief health literacy screening tool, where participants read a food
nutrition label and answer 6 questions. Each of the correct answers
earns 1 point, and the final NVS score, ranging from 0 to 6, is cate-
gorized into limited (0-1), marginal (2-3), or adequate (4-6) health
literacy. The NVS was originally developed as an interviewer—ad-
ministered health literacy assessment tool. Prior studies indicated
that a computerized form of NVS assessment performed as well as
the interviewer—administered version for assessing health literacy
levels.>

In MTurk, participants needed to read a simple description of
the task before launching STUT to work on a task, where the
onboarding tour (ie, a 30-second video) would popup automatically
first. The participants were required to complete the onboarding
tour, the demographic questions, and the NVS health literacy assess-
ment questions. As shown in Figure 4, one of the different represen-
tations (ie, simplified text or graph-based visualization) appears on
the left side of the page, and the corresponding comprehension ques-
tion appears on the right side. After completing all questions (ie, 10
questions per participant), the participant received a reward code to
claim the incentives on MTurk. We designed the STUT tool so that
it logged each participant’s interactions with the tool and captured
the amount of time they spent on each section.

Before running the formal experiments, we conducted a pilot
study to estimate the adequate incentives for MTurk workers and
the necessary sample size needed to detect the effect of how different
representations would impact consumers’ comprehension of dietary
supplement information. We first released a set of assignments with
the original text only, where we incrementally increased the incen-
tives from 25 cents to 1 dollar and assessed how long it took for
each assignment to be completed on MTurk. We then released 20
assignments (ie, allowing 20 participants to complete the same task)
on MTurk for both original text and manually simplified text, re-
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Progress £ Previous  Complete & Next >
Please read the label placed on the left, and answer the
List of Tasks following questions.
Nutrition Facts 1. If you eat the entire container, how many calories will you eat?
Serving Size Y& cup
# Demographic Servings per container 4 ealories
# Health Literacy Amount per serving
Calories 250 FatCal 120 2. If you are allowed to eat 60 grams of carbohydrates as a snack, how
i Ao pohymshesind oty a. %0V much ice cream could you have?
TotalFat 13  20%
# Fishy aftertaste and loose stools .. Sal Fat E. pls)
99 40 cupls)
£ Tomisa grade 2student Hels go Shalsslwol g 1 ::
_Sodium_55mg ;
A M Total Carbohydrate 30g 12% 3. Your doctor advises you to reduce the amount of saturated fat in your
Dietary Fiber 2g diet. You usually have 42 g of saturated fat each day, which includes one
£ Aninvitro study sugpests that i Sugars 239 serving of ice cream. If you stop eating ice cream, how many grams of
2 - Mowearss spwensiilsocodes Protein 49 5% saturated fat would you be consuming each day?
) *Percentage Daly Values (DV) aro based on @
£ Moe gel should not be confused 2,000 ostorle del. Your dally vehiss ey ramis)
E be higher or lower depending on your
£ A the fruit of lem 1 it
ai s the fruit of a palm tree na Ingredients: Cream. Skim Mik, Liquid jas i i
4 ity - ; 4. If you usua[llv eaF 2,500 calo n.es I.l'| a day, what percr.entage of your daily
# This question s for attention che. Millctat, Paanut Oll, Sugar, Butter, Salt, value of calories will you be eating if you eat one serving?
Carrageenan, Vanila Extract.

# Thereislittie relisble informatio..

%

# Panax ginseng i an herbnative t...

5. Pretend that you are allergic to the following substances: penicillin,
peanuts, latex gloves, and bee stings. Is it safe for you to eat this ice
cream?

#  Drymouth, tachycardia, nausea,

Yes

No

Figure 3. Health literacy assessment using the Newest Vital Sign assessment tool.

Progress < Previous Complete &Next >
0/14
Text Questions
List of Tasks A type of polyunsaturated fatty acid (PUFA) 1. Do omega-3 fatty acids increase
derived mainly from fish oil, omega-3 fatty cholesterol and increase the risk of heart
_ acids are used as a dietary supplement for attack?
# Demographic .
depression, to lower cholesterol, and to
# Health Literacy reduce the risk of heart attack. Data from a es
randomized trial suggest that omega-3 may
# Atype of polyunsaturated fatty a
be useful in reducing the risk of progression No
# Fishy aftertaste and loose stools ... to psychiatric disorders and as a safe
£ Tooitin grade 2 studdat Hak gocs preventive measure in young adults at risk o not e
for psychotic conditions. Omega-3 fatty acid
£ Agaricus blazeiis an edible mush... supplementation lowers cholesterol and may
2 RIS Sy st it g reduce recurrence in patients with a history
of stroke.
#  Aloe verais a perennial, succulen...
#  Aloe gel should not be confused ..,
# Acailis the fruit of a palm tree nat...
# This question is for attention che..
# Thereis little reliable informatio...
Figure 4. A screenshot of the user interface of the Simplified Text Understanding Test (STUT) tool.
spectively, with an incentive of $1 per assignment. In this test run, cies of their responses to the comprehension questions were 85.5%
we collected 20 valid responses from the original text group, and 19 and 97.3%, for the original and manual text groups, respectively;

valid responses from the manual simplified text group. The accura- while the mean time spent on completing the tasks (ie, 10 questions
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Table 2. The basic demographic information of the participants for each representation
Original Manual Syntactic + lexical Graph
# of valid responses N=180 N=174 N=165 N=171
Age
<45 129 (71.7%) 129 (74.1%) 127 (77.0%) 126 (73.7%)
45-64 44 (24.4%) 39 (22.4%) 31(18.8%) 42 (24.6%)
>65 7(3.9%) 6(3.4%) 7 (4.2%) 3(1.8%)
Gender
Male 93 (51.7%) 75 (43.1%) 89 (53.9%) 81 (47.4%)
Female 86 (47.8%) 98 (56.3%) 72 (43.6%) 88 (51.5%)
Other 1(0.6%) 1(0.6%) 4(2.4%) 2(1.2%)
Health literacy (HL)
NVS score 4.96 +1.52 4.68 +1.61 4.80 = 1.64 4.93+1.44
Limited HL (0-1) 12 (6.7%) 14 (8.0%) 14 (8.5%) 7 (4.1%)
Marginal HL (2-3) 16 (8.9%) 22 (12.6%) 18 (10.9%) 21 (12.3%)
Adequate HL (4-6) 152 (84.4%) 138 (79.3%) 133 (80.6%) 143 (83.6%)

Table 3. The average rates of correct answers and the average time spent across the 4 representations

Average accuracy [rates of correct answers (%)]

Average time spent on each question (s)

Original 82.7 +18.0
Manual 92.7+11.9
Syntactic + lexical 70.9 £23.2
Graph 85.7+16.2

27.658 = 14.294
25.432+14.545
35.762+17.437
26.986 +13.413

Table 4. z-Test for the comparisons of average rates of correct answers across the 4 representations

Comparisons of average rates of correct
answers (%)

z-Test (P-value)

Original vs manual

Original vs syntactic + lexical
Original vs graph

Manual vs graph

82.7*+18.0<92.7+11.9
82.7+18.0>70.9 +23.2
82.7*x18.0<85.7+16.2
92.7+11.9>85.7*16.2

—9.0557 (<.001)
8.2029 (<.001)
—2.4361(.01)
6.655 (<.001)

Table 5. t-Test for the comparisons of average time spent across the 4 representations

Comparisons of average time spent on each
question (s)

t-Test (P-value)

Original vs manual

Original vs syntactic + lexical
Original vs graph

Manual vs graph

27.658 =14.294>25.432 + 14.545
27.658 +14.294 < 35.762 = 17.437
27.658 =14.294>26.986 + 13.413
25.432+14.545 <26.986 +13.413

1.4518 (.15)
—4.6962 (<.001)
0.4544 (.65)
—1.0455 (.30)

per task) were 387.5 and 283.2 seconds, respectively. Based on the
accuracy measures, we estimated the appropriate sample size for
detecting a difference between 2 proportions (ie, 85.5% vs 97.3%)
at 95% confidence level with 80% power is 85.

Thus, in the subsequent formal experiments, we released 100
assignments for each question group (ie, 5 ingredients and 10 ques-
tions, where each ingredient would have 2 questions—one related to
the “background” section and one related to the “safety” section)
for each representation, and each participant was paid $1 for suc-
cessfully completing a task (ie, 1 question group, 10 questions). We
also included a number of validation tests to avoid participants us-
ing automated scripts (ie, bots) to complete the tasks or to detect
low quality responses due to participants not paying attention to the
tasks. Data from participants who did not pass all the validation

tests were excluded; and participants would not receive incentives
for disqualified responses. Two multiple-choice validation questions
(eg, “Tom is a grade 2 student. He is good at math. Tom likes paint-

2]

ing, swimming and eating apple,” with a question “Does Tom like
eating apple?”) were added and mixed with the other task questions
in each assignment as validation tests. As an additional quality con-
trol mechanism, we also discarded responses that were completed in
less than 90 or larger than 1000 seconds. We also implemented
mechanisms to avoid multiple submissions from the same partici-
pant (ie, thus, in our final dataset, each participant is only allowed
to answer 1 question group, as being more familiar with the tasks
may temper the integrity of the comprehension tests). Finally, we set
a required qualification in MTurk, so that the participants had to be
located within the United States.
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Figure 5. Average rates of correct answers and average time spent on each individual question across the 4 representations.

RESULTS

Table 2 shows the basic demographics and the health literacy levels
of the participants with qualified responses. The majority of the par-
ticipants were less than 45 years old; and the gender distribution of
the participants was fairly even across the 4 representation groups.
A 1-way ANOVA analysis was conducted for the average health lit-
eracy scores across the 4 groups of participants for the different rep-
resentations. The test showed no significant difference (P = .31)
among the 4 groups of participants’ average health literacy scores.
Table 3 shows the average rates of correct answers and the aver-
age time spent on answering each of the comprehension questions
for each representation over the 10 dietary supplement ingredients
(ie, 20 comprehension testing questions total for each representa-
tion). Table 4 shows the z-test of the average correct rates and Ta-
ble 5 shows the #-test of the average time spent across different
representations. The manually simplified text representation per-
formed consistently better than other approaches in terms of both
the average rates of correct answers and the average time spent;
while, the syntactic + lexical approach performed consistently the
worst among the 4 representations. The graph-based representation
performed better than the original text in all cases, although it per-
formed slightly worse (85.7% vs 92.7%) in terms of accuracy. The
difference in the amount of time spent on each question, comparing
the graph-based representation with the manually simplified text
was not statistically significant (26.986 vs 25.432 seconds, P = .30).

Figure 5 shows both the average rates of correct answers and the
average amount of time spent across the 4 representations on each
question. We also conducted z-test between the average rates of cor-
rect answers and -test between the average time spent of different
representations for each question. These results confirmed that the
manually simplified text representation performed better than other
representations in most of the questions, while the syntactic and lexi-
cal approach performed consistently the worst. The graph—based rep-
resentation performed better than the original text representation in
most questions with very few exceptions. When considering the aver-
age time spent, the graph-based representation worked consistently
better than the original text representation, worse than the manually
simplified version in 2 questions (ie, questions 6—safety information
about aloe gel and 13—background information about lemongrass),
but better in other 2 cases (ie, questions 8—safety information about
acai and 15—background information about ginko biloba), and no
statistically significant differences in all other questions.

DISCUSSION

The goal of this study was to assess how different simplification
strategies of dietary supplement information from an evidence—
based dietary supplement knowledge base, iDISK, will affect lay
consumers’ comprehension of the information. Specifically, we
tested 4 different representations—1 with the original text from
iDISK, 2 text simplification strategies (ie, manual and automated
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approaches), and 1 graph—based visualization. We assessed consum-
er’s comprehension from 2 perspectives: accuracy (ie, correctly an-
swered the comprehension question) and efficiency (ie, time spent
on reading the dietary supplement information and then answering
the comprehension questions). From the accuracy perspective, our
experiments indicated, as expected, that the manual text simplifica-
tion approach had the best performance overall. Surprisingly, the
automated syntactic and lexical hybrid text simplification approach
performed significantly worst among the 4 representations, even
when compared with the original text written in scientific language.
The graph—based visualization approach performed, although slight
worse than the manually simplified text, consistently better than the
original text and syntactic 4 lexical simplified text representations.
From the efficiency perspective, the manual text simplification and
graph-based visualization approaches demonstrated similar perfor-
mance, but significantly better than the original text and syntactic +
lexical simplified text representations.

Syntactic and lexical-based text simplification approach had the
worst performance in both efficiency and accuracy, possibly due to
3 reasons. First, the syntactic simplification divided a complex sen-
tence into simpler, but a number of smaller sentences (eg, from a
complex sentence, “Patients take ginseng to improve athletic perfor-
mance, strength and stamina, and as an immunostimulant.” to a
number of smaller sentences: “patient take ginseng to improve phys-
ical strength,” “patient take ginseng to improve stamina”, “patient
take ginseng to improve as an immunostimulant,” and “patient take
ginseng to improve sport performance”). Even though the structure
of the decomposed sentences was simpler, it will generate repeated
phrases and words, which makes it take longer for the participants
to read and find relevant key information. Second, the syntactic sim-
plification did not always produce grammatically correct sentences,
confusing the participants. Third, compared to the manual simplifi-
cation approach, the lexical simplification approach that replaced
medical jargons using CHV terms did not always produce desired
results. It was because of 2 likely reasons: (1) the CHV has not been
updated since 2012 and does not have a good coverage of the con-
sumer vocabulary for dietary supplement information and (2) the
CHYV substitutions have replaced some of the keywords that also
appeared in the comprehension questions, making it difficult for the
participants to answer the comprehension questions.

The graph—based visualization ranked the second in the 4 repre-
sentations, performed slightly worse in terms of accuracy, but in par
in terms of efficiency compared with the manually simplified text
representation. The reason could be multifold. First, the transforma-
tion of text from sentence to semantic triples only maintained key
information words but could also have removed some of the contex-
tual information. To some users, the contextual information might
help them understand the information. Second, a close inspection of
the 4 questions where the graph-based visualization performed bet-
ter in 2, but worse in the other 2 questions, than the manual simplifi-
cation in term of efficiency, revealed that the graph—based
visualization can potentially help end users understand new or unfa-
miliar concepts (ie, acai and ginkgo biloba) better than simple or
common concepts (ie, aloe gel and lemongrass). Further exploration
is warranted to understand in what scenarios can graph—based visu-
alization help lay consumers’ comprehension of health information.
Nevertheless, our current work did allude that a hybrid—leveraging
both text simplification and graph—based visualization—approach
can potentially be a better strategy to meet different consumers’ dif-
ferent information needs and ultimately to improve consumers’
comprehension of the information.

Limitations

A few limitations exist in our work. First, we only used 1 question
to test participants comprehension of a paragraph, where correctly
answering just 1 question may not reflect a good understanding of
the paragraph reliably. A more reliable instrument is needed to as-
sess users” comprehension. Second, the graph-based visualization
we implemented was a simplified version of ALOHA,'” where we
eliminated a number features (eg, filtering by node type) to make it
workable in a crowdsourcing setting. A more comprehensive testing
of ALOHA with these convenient functions is needed in a future
work. Last, the population recruited from MTurk is different (eg,
younger and more females) from the general population in the
United States. Careful considerations are needed before generalizing
findings from crowdsourcing workers to the boarder population.
For example, most participants in our study had adequate health lit-
erary. A more tailored approach is needed to customize a text-graph
hybrid interface for low literacy individuals. The use of MTurk also
has a number of other limitations (eg, the presentence of bots and
the potential of having “low quality” users that did not perform the
tasks diligently). Nevertheless, a crowdsourcing platform such as
MTurk gives researchers an easy access to a large number partici-
pants to produce preliminary data that can be used to generate more
accurate hypotheses and design more rigorous experiments such as a
randomized trials to answer these hypotheses.

CONCLUSIONS

Biomedical knowledge bases such as iDISK are booming with evi-
dence-based information integrated from diverse scientific sources.
Nevertheless, consumers of these scientific knowledge bases, espe-
cially patients but also clinicians, need supporting tools to help them
identify, digest, and understand information relevant to their informa-
tion needs. We tested 4 different information presentation strategies
and found that a hybrid approach that combines text— and graph—
based representations might be needed to accommodate consumers’
different information needs and information seeking behavior.
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