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Evaluating a Novel Summary Visualization for Clinical Trial Reports:
A Usability Study

Maurine Tong, BS, William Hsu, PhD, Ricky K. Taira, PhD
University of California Los Angeles, Los Angeles, CA

Abstract

Contributions of clinical trials are captured in published reports that are unstructured and often require extensive
manual review to gain a deeper understanding of the study itself. Our goal is to increase comprehension and decrease
the time necessary to understand these reports through the use of visualization tools. In this paper, we specify and
evaluate the visualization of a previously developed representation as well as gain insight from user input for further
development. The usability experiment consisted of a two-arm study with users either having or not having access to
the visualization. A user questionnaire was used to measure time spent and accuracy in comprehension; intuitiveness
and reproducibility of the visualization; and preferences. We found that having the visualization required on average
28.1% less time (25.8 min vs. 35.8 min, p=0.01) while maintaining similar accuracy (73.7% vs. 67.0%). Users were
then asked to create their own visualizations, with their visualizations averaging 86.1% similar to the gold standard.
All participants either preferred the visualization over the status quo or preferred both equally. These results demon-
strate that novel visualizations for trial reports could provide time savings and achieve similar accuracy as reviewing
the paper itself. Understanding the strength and quality of clinical trials can be alleviated with a visualization that
makes content explicit.

Introduction

Information within clinical trial reports can help inform clinical guidelines and support evidence-based medicine
(EBM)*. Accurate interpretation of these results is important to characterize the quality and strength of a given clinical
trial study?. However, this information is difficult to assess, one reason is that its representation is free-text with
numerical data scattered in tables, figures, and embedded in the text. A significant amount of effort is needed to
identify and interpret information scattered throughout published reports, requiring the clinicians' and researchers' to
organize this information mentally34. This further complicates tasks such as assessing the strength of similar trials or
comparing trials with conflicting results?. The overarching goal of this work is to evaluate a visualization that links
scattered data of a clinical trial together to better assess and understand its contributions.

The medical community is striving towards a structured representation to facilitate the deeper understanding of
contributions from clinical trials. One attempt at standardizing the type of information within clinical trial reports is
the Consolidated Standards of Reporting Trials (CONSORT), which comprises a checklist of essential items that
should be included in reports of clinical trials and a diagram for documenting the flow of participants through a trial>®.
CONSORT s a starting point to help investigators and others write or appraise trial reports, but its purpose is to
promote good reporting, with no particular emphasis on appraising trial reports. Since CONSORT's founding, groups
have worked on defining, structuring and standardizing information related to clinical trials. RCT Schema captures
concepts related to a trial's design, basic intervention description, execution, administration, and results’®. These data
structures create classes for specific types of information, with a standardized way to fill in classes and attributes.
While structuring of data has been done mainly for the purpose of patient recruitment, few efforts have attempted to
develop a representation for capturing the context of information for further interpretation. Clinical Research
Eligibility Criteria Extraction and Representation (EIiXR) addresses the disconnect in ambiguous eligibility criteria
and clinical data results through developing a framework for eligibility criteria text®. Our effort attempts to capture a
wider spectrum of information and reported statistics necessary to perform quality assessment, relationships to piece
information together, and a method for interactively presenting a published report to facilitate the user’s understanding
of the study.

We have been developing a data model, which abstracts various types of information presented in clinical trial
literature and connects these pieces together, and a visualization that allows target users (e.g., translational researchers,
research students) to better interpret this information. We hypothesize that this representation and its visualization
can facilitate understanding and analysis of clinical trial studies. In this paper, we specify a representation to classify
information presented in clinical trial reports. We evaluate the visualization and report its performance, measured on
a set of non-small cell lung cancer (NSCLC) clinical trial reports.
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Methods

A usability study was performed to assess the benefit of using a standard visualization to understand the contents of a
clinical trial report. In particular, we were interested in determining how well the visualization assists a researcher
with understanding the published report's content, its ease of use, whether its presentation is intuitive to navigate and
comprehend, and user preferences. Various aspects of the representation and visualization have been previously
demonstrated®, including methods for representing experimental flow* and statistical analysis®2. In this paper, we
briefly describe the representation model and the visualization. Results of the usability study were based on a
comparison of interpreting information using the status quo published report versus the visualization.

The Representational Model

A representational model has been developed to store information presented in a published report. The first goal of
this structured representation is to capture the essential elements related to recruitment, steps of the experiment, the
data collection process, the data, the analyses, and the conclusions in a logical and consistent manner. The second
goal is to provide context for observational data or reported statistics.

The model is functionally divided into purpose, methodology with raw data as a subgroup of methodology, statistical
methods, and interpretations. These sections parallel the structure of a clinical trial report. Under the purpose section,
the model captures the overall goal of the clinical trial with a free-text statement. The methodology section of the
model contains a process model of nodes with a list of relevant variables, attributes, and values. Table 1 shows typical
examples from a NSCLC clinical trial report®.

Table 1. Example excerpts from clinical trial report®.

Excerpts from report

Node

Variables within Node

"Patients received up to six cycles of carboplatin/paclitaxel.
Paclitaxel (200 mg/m2) was administered over 3 hours every
3 weeks. Carboplatin dosing was based on the Calvert
formula with a target area under the curve of 6 mg/mL x min
and glomerular filtration rate (GFR) estimated for males as
GFR = (140-age) x weight/72 x (serum creatinine)."

"Eleven patients discontinued treatment as aresult of a
nonfatal AE. Discontinuations occurred as a result of:
hemorrhagic event (three patients) in the low-dose
bevacizumab arm; a hemorrhagic event (one patient);
Aspergillus lung abscess (one patient); aspiration
pneumonia (one patient); thrombotic stroke (one patient);
vertebral fracture (one patient); and peripheral europathy
(paclitaxel-related; one patient) in the high-dose arm. In two
cases, bevacizumab was discontinued following initiation of
anticoagulant therapy. Bevacizumab was withheld from one
patient with subclavian vein thrombosis."

" The overall response rate showed a trend toward improved
response for patients receiving bevacizumab, with the
highest response noted in the high-dose group (31.5%) and
the lowest in the control group (18.8%; Table 2)....Median
TTP was longer in the high-dose bevacizumab arm
compared with the control arm (7.4 v 4.2 months; P =.023;
Fig 1)....Survival for the high-dose bevacizumab arm was
modestly longer than the control arm (17.7 v 14.9 months; P
=.63; Fig 2)."

Treatment

| Paclitaxel 200mgim*2 |

={  Carboplatin 6mg/imL™min~ f=

| Bevacizumab 75mgkg |

Discontinued Treatment

Dhiscoentinued

dropped out

Survival

Survival

e  drug name(s)
e  dosage(s)

e  duration

o frequency

e  Hemorrhagic event

e  Aspergillus lung abscess
e  aspiration pneumonia

e thrombotic stroke

e  vertebral fracture

e  peripheral neuropathy

e following initiation of
anticoagulant therapy

. subclavian vein
thrombosis

e median survival (month)
. median survival (range)
. % PFS vs. time

e % survival vs. time

The process model serves three purposes: (1) it documents the recruitment process using a flow chart to represent
eligibility criteria, (2) demonstrates randomization by branching of nodes from one to many nodes, with each node
representing a subpopulation, and (3) captures the overall study flow using nodes to represent specific types of exper-
imental procedures. Typical types of nodes include general population, population sampling pool, decision boxes,
recruitment criteria, control and intervention population, methods, and observation points. Each node is associated
with a list of relevant variables, attributes, and values within a spreadsheet structure corresponding to the raw data
stated in the published report. Together, the process model and linked spreadsheet allow fragmented knowledge pre-
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sented in free-text, figures, and tables, to be placed in the context of the entire clinical trial "experiment." The statis-
tical methods section of the model collects information from the text and displays it in a consistent manner with
references back to the nodes of the process model and data elements from the spreadsheet. Each statistical method
includes inputs from the spreadsheet, outputs as a measure of statistical significance, and a statement of significance.
The interpretations section of the model captures the contributions of the clinical trial as stated by the published report.

The Visualization

The visualization assists with viewing and interacting with the contents of the representation from each clinical trial
report. The visualization is divided into four panels following the structure of the model: (1) purpose of the trial, (2)
process model and data grid, (3) list of statistical methods with variables compared and results, and (4) interpretations.
The purpose of the trial and the endpoints are listed at the top of the visualization in free-text. The recruitment process
and methodology are below. At the bottom are the interpretations summarizing the contributions of the published
report listed in free-text (Figure 1).

The process of a clinical trial study is displayed as a timeline of events performed over the course of the entire study.
In this example®, the study population is recruited using three separate types of criteria: tumor status, presence of prior
chemotherapy, and other clinical criteria. The study population is then randomized into three groups, control, low
dose, and high dose; and each group undergoes a set of protocols. Note that the control receives no drug intervention
as shown by a lack of yellow boxes in the control row (Figure 2).

No Prior ; Discontinued Treatment
Ghemo! maets aligibility Month 0 week1 Crete 3810 Evory 2 months Month 2 From Nonfatsl AE oo
dlo

o & s
xxxxx Imaging Tumor Survival Imaging Safety Ii
= Status
.

=1
dealh

es es — Tumor " L]

Status H Survval maging

Tumor s |

Status urvival Imaging

Staga BV,
........ it NSCLG

Starting
Population

Figure 2. Flow chart of events®.

Directly below the diagramming interface, the methodology, raw data, and results can be viewed as a data grid. The
variables appear on the left side, with one variable per row. Thus, the rows give an inventory of variables that are
mentioned in the clinical trial study. The columns of the data grid correspond to different nodes in the process model.
Any numerical data generated is placed along the same row as the variable and is beneath its corresponding event.
Thus, each cell in the data grid is associated with an event node from the flow diagram and variable and the cell itself
corresponds to the specifications or characterization of a variable for an experimental procedure of a group of patients
for which the node refers to in the flow chart. A cell can show (1) summary statistics, and (2) all the patient values
for a given variable, if available (Figure 3). We are working towards the customization of visualizing the data from
individual cells. We are also developing methods to derive useful information from the data within related cells (e.g.,
points in Kaplan-Meier diagram where curves cross).

Survival Rate 1.04r1
Treatment Group
Control Low Dose High Dose —— 15 mg/kg
---- 7.5 mg/kg
Median 14.9 Median 116 Median 149 0.8 === Control
Range 0.2-57.0 Range 0.2-56.8 Range 0.9-57.8 %
£ T 0.6
& Time Survival Rate* Time Survival Rate* Time Survival Rate* =
7 O A
2 >
il 0 1.0 0 10 0 10 S 0.4
5 @
= 10 0.52 10 0.68 10 0.71 ]
- F———— 1 | g
20 0.31 20 0.35 20 0.38 -
§_' 0.2 Start and Stop of Crossover  leemedeaag 77777777 e
30 0.18 30 0.27 30 0.20 e h 'l..._......l L.
40 0.17 40 0.21 40 0.08 0 10 20 30 20 50 80
50 0.08 50 0.15 50 0.05 Time (months)

* Values are estimates based on figure

Figure 3. (Left) Example of data stored within a cell. Data is sorted by population and organized as individual data
or population statistics. (Right) Graph generated by data. In this example, a Kaplan-Meier graph is drawn?®.

The panel for statistical methods provides a visual inventory of all the tests performed. Each test is listed with its
corresponding inputs from the data grid, the test statistic, output statistics such as a p-value, and a statement of
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significance (Figure 4). For the purpose of the usability study, participants were presented with a mockup of the
visualization in Microsoft Visio for each published report created; the final version is being implemented as an
interactive application using Java.

Survival
Control |
n=32 Log Ranked p=063 Survival for the high-dose bevacizumab arm was modestly longer than the
Survival Test ) control arm (17.7 vs 14.9 months; p=0.62; Figure 2).
High Dose |
n=34

Figure 4. Statistical method visualization. Inputs include experimental arm name, sample size, and variable. This
is followed the statistical test within the box. Outputs include a quantitative measure of statistical significance, and
a statistical statement.

Overview of Usability Study

The usability study had three objectives: (1) test the ease of interpretation and time saved against the status quo (i.e.,
the published report), (2) test the intuitiveness of the visualization through reproducibility of the visualization, and
(3) elicit preferences from a targeted user group.

Paper cohort: Clinical trials were randomly chosen based on a PubMed search using the keywords "EGFR", "lung
cancer™, "non-small cell lung cancer”, and "clinical trial" (Table 2). The search yielded 38 published reports which
were different from the set of reports used to develop the original visualization. For the initial scope of this study, we
randomly selected three papers that met the criteria of being a clinical trial about NSCLC involving EGFR mutations
to assess time spent and accuracy. The fourth report was used for the study on reproducibility.

Table 2. Randomly selected clinical trial reports on non-small cell lung cancer.

Trial Title of Report Outcome variable Sample Total Date
number size Events Published
1 Randomized Phase Il Trial Comparing Response Rate (RR) 99 33 2005

Bevacizumab Plus Carboplatin and Paclitaxel
With Carboplatin and Paclitaxel Alone in
Previously Untreated Locally Advanced or
Metastatic Non-Small-Cell Lung Cancer®®

2 First-Line Gefitinib in Patients with Advanced Objective Response Rate 98 15 2008
Non-Small-Cell Lung Cancer Harboring (ORR) = sum of patients
Somatic EGFR Mutations** with confirmed complete

and partial responses /
number of patients treated

3 EGFR expression as a predictor of survival Overall Survival (OS) 1125 24 2011
for first-line chemotherapy plus cetuximab in
patients with advanced non-small-cell lung
cancer: analysis of data from the phase 3

FLEX study®®

4 First-Line Gefitinib in Patients with Advanced Objective Response Rate 889 17 2008
Non-Small-Cell Lung Cancer Harboring (ORR) = sum of patients
Somatic EGFR Mutations*® with confirmed complete

and partial responses /
number of patients treated

Participant recruitment: The participants were students with familiarity in biostatistics and informatics. In this
usability study, students served as a proxy for potential users (i.e., biostatisticians and clinician researchers). The study
for time spent and accuracy, and for eliciting preferences had 11 participants, and the study for reproducibility had 6
participants. All participants were asked in a pre-questionnaire about the length and fluency of their experience with
clinical trial reports, non-small cell lung cancer, and statistics.

Task definition to assess time spent and accuracy: For the first objective, the participants used the visualization to
answer questions demonstrating their comprehension of the clinical trial and recorded the time required to answer
each question. Questions were divided into two types: comprehension to assess whether the individual is able to
synthesize evidence from the published report, and information retrieval (IR) to focus on locating specific pieces of
evidence in the report. Comprehension questions were developed based on reporting guideline requirements®, and
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asked readers to interpret the objective and claims made in the published report. For example, one comprehension
question asked: "The trial states 'This large prospective biomarker study found that patients with activating EGFR
mutations derive the greatest PFS benefit from erlotinib maintenance therapy."¢ Describe the method, numerical data,
and analyses for this statement." IR questions focused on locating key information as adapted from applicable
CONSORT requirements®. IR questions include reporting the eligibility criteria, locating the experimental arms,
summarizing the methodology, and identifying the results of statistical tests. Questions of both types were presented
using multiple choice, fill-in-the-blank, and short answer. All questions were reviewed by a biostatistician who was
not involved in the development of the system to reduce bias in word-choice and to ensure conformance to standard
guidelines and terminology. The gold standard was created by a domain expert who was given an open amount of
time. Tasks were timed and graded for accuracy by determining the percentage of questions answered correctly.

Study design to assess time spent and accuracy: A two-arm randomized trial design was used with 11 participants and
3 clinical trial studies. The presentation of the trial was randomized for each participant and each participant reviewed
clinical trial 1, 2 and 3 (Table 2). For each clinical trial, participants were randomized into the visualization study arm
or the status quo study arm. In either study arm: (1) participants filled out paperwork (consent form, pre-test
questionnaire) and received a tutorial on how to interpret the visualization based on two example questions; then (2)
participants completed the usability sessions either with the status quo or visualization; finally (3) participants
answered a post-questionnaire about the visualization (Figure 5).

Task definition to assess reproducibility: For the second objective, the participants were asked to generate a section
of the visualization (i.e., the experimental flow) using a provided set of guidelines and a tutorial. Reproducibility was
assessed through percent match of elements, nodes and variables. Elements are annotations given to a node, and can
include sample size and time points. Nodes are used to label processes for recruiting a sample population and
intervention processes. Variables describe and characterize a node. Example variables include randomization
methods, baseline experimental procedures, and survival assessment methods. Tasks were compared with a gold
standard created by a domain expert who was given an open amount of time.

Task definition to assess user preferences: A post-questionnaire was given to assess the affinity and usefulness of the
visualization to gather impressions on the adequacy of its contents and to provide feedback on design, interface, and
suggestions for additional functionalities. Participants answered questions using a Likert scale from one to ten, ten
being very satisfied and very usable.

—_——— e

Visualization Study Arm

measuring speed
and accuracy

Visualization

\
|
Completed Task |
|
|
]

|
|
| Given
|
|

Completed N

Pre-test Received Post-test
uestionnaire
|/ Status Quo Study Arm | =
|
|
|
~

Questionnaire, Tutorial
A Completed Task |
g'ver:“s:?‘t": measuring speed
Ho Hetho and accuracy J
|

Figure 5. Study Design.
Statistical Methods

The participants used the status quo or the visualization to answer questions demonstrating their comprehension of
the clinical trial and recorded the time required to answer the questions. The dependent measures of this usability
study included time spent, measured in minutes; and accuracy, measured as the percentage of questions answered
correctly. A weighted accuracy, combining time and accuracy, was calculated to place more emphasis on high accu-
racy scores that were obtained in a shorter amount of time. Descriptive statistics were computed for all measures.

1
Weighted Accuracy = Time. Accuracy

Overall time spent and accuracy was determined by averaging over all values in each condition. Groups were condi-
tioned on having either the status quo paper representation or the visualization. A pilot study was used to estimate the
amount of time and accuracy for each task that was considered reasonable. A power calculation was performed to
determine the appropriate sample size for the combination of participants and clinical trials needed. With an estimated
time difference of 10 minutes (30 minutes vs. 40 minutes) and standard deviation of 8 minutes, a sample size of 12
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per group would yield an 83% power with 5% significance level. With an estimated accuracy difference of 15% (70%
vs. 85%) and standard deviation 17%, a sample size of 12 per group would yield an 80% power with 5% significance
level. Hence, a sample size of at least 24 is needed, meaning at least 8 participants each reading 3 clinical trial reports.
This is satisfied by the number of participants enrolled. A 2-sided student’s t-test was used to compare (1) accuracy,
(2) time spent, and (3) weighted accuracy using the visualization vs. using the status quo method.

Results

Participant Characteristics: Eleven student participants were involved in the study for time spent and accuracy, and
for eliciting preferences; and six additional student participants were involved in the study for reproducibility.
Participants ranged in experience from one to five years participated. All participants have read a clinical trial report
before and took on average 80 minutes to read it completely. General participant characteristics are presented in Table
3.

Table 3. Characteristics of Participants. For confidence, scale values are 1 = not confident and 10 = very confident.
For courses, values indicate number of college/graduate level courses.

Time & Accuracy Reproducibility
(n=11) (n=6)

Mean SD Mean SD
Confidence with understanding of cancer mechanisms 5.09 1.868 4.67 3.055
Confidence with knowledge on NSCLC 4.36 1.963 4.33 3.055
Confidence in understanding knowledge within reports 6.09 1.921 6.33 1.528
Confidence in understanding statistical methods 6.36 1.502 2.00 1.000
Confidence in assessing the quality of statistical tests 4.45 1.916 5.33 3.215
Courses on biology-undergraduate 3.18 2.676 6.67 2.887
Courses on biology-graduate 3.09 5.665 2.33 1.528
Courses on statistics-undergraduate 1.27 0.786 7.67 2.082
Courses on statistics-graduate 2.27 1.191 3.00 2.000

Time spent and accuracy: In this usability study, time spent and accuracy was measured using self-reported comple-
tion time, and percent questions answered correctly. Non-significant differences were found in both time and accuracy
between the visualization condition and the status quo condition for each clinical trial study (Table 4). The point
estimate of report #2 was shown to have decreased accuracy as compared with report #1 and #2. The accuracy can be
affected due to an increase in complexity of the study design and greater amount of content for both the visualization
and status quo method. The accuracy for comprehension question and for IR questions were separated for exploratory
analyses. The mean accuracy for comprehension questions within one reports suggests a difference between the vis-
ualization condition and the status quo condition, favoring the visualization (data not shown). This suggests that using
the visualization can increase comprehension. This trend within reports are currently being studied in an attempt to
significantly increase accuracy in the visualization.

Overall accuracy was similar between the visualization and status quo, however, participants with the visualization
had on average a quicker overall time than participants with the status quo (visualization 25.8 £ 10.10 minutes vs.
status quo 35.8 £ 9.94 minutes; p=0.01). This suggests that information is easier to locate in a visualization than in
the status quo. While the visualization provided similar accuracy, the tradeoff is a significant times savings when
compared to the status quo alone. The weighted accuracy results further demonstrated that participants with the vis-
ualization had a combined quicker time and increased accuracy than participants with the status quo (visualization
3.39 £ 1.66 vs. status quo 2.10 + 0.87, range=0.71 to 7.00, p=0.008).

Table 4. Measures of performance as a function of errors and time.

Visualization Status Quo
. Accuracy Time Accuracy Time
Trial (%) SD (min) SD %) SD (min) SD
1 77.3% 5.34% 27.3 10.73 68.9% 10.01% 34.5 10.63
2 58.5% 11.67% 25.0 8.86 53.8% 14.80% 34.3 9.63
3 84.5% 6.10% 24.6 12.42 78.8% 10.23% 38.2 11.20

Reproducibility: Compared with the gold standard, the visualizations created by the six participants with limited train-
ing were 86.1% similar to the gold standard with a standard error of 6.45%. Dissimilarity was due to incomplete
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visualizations as opposed to visualizations that differ fundamentally in structure. Out of all errors, 32% of the dis-
similarity was due to neglecting to fill in available time points; 24% was neglecting to put in baseline experimental
procedures; 12% was neglecting to fill in survival assessments time points; 12 % was neglecting to put in events that
can change the sample size, such as drop outs; and 20% was due to neglecting to fill in sample sizes for populations.
The reasons for error and the high similarity score shows that our representation is logical and easy to understand for
the participants in our usability study.

Preferences: All eleven participants preferred the visualization to the status quo, or preferred both the report and the
visualization. No one preferred the status quo to the visualization. Participants rated the usefulness on average as 8.0
(7.1-8.9, where 10 is completely essential), and the satisfaction of the visualization at the current state as 7.8 (6.7-8.9,
where 10 is completely satisfied). The likelihood of participants using the visualization again is reported on average
as 87.2% with a standard error of 10.7%. Additional comments mentioned participants appreciated the clean and well-
formatted visualization, but wanted more context, such as information covered in the introduction and discussion.
Participants suggested additional development and/or functionality, such as having a summary box to better navigate
a visualization that contains too many details and including the ability to distinguish significant findings visually. In
general, participants found the visualization to be a good overview that assisted in understanding the clinical trial
study.

Discussion

Understanding the strength and quality of clinical trials is a critical step in providing better healthcare to medical
practice. Our previously developed visualization places essential information in context with a process model. A user
can navigate through nodes to identify the population involved, its sample size, the procedures performed, and data
that result. Because the visualization can help summarize essential elements and connect relevant elements together,
it can be valuable for biostatisticians and research clinicians, who routinely access information from within clinical
trial reports, and are considered our potential users. With any system, it is critical to examine usability issues
pertaining to people of varying backgrounds in academia successfully accessing information needed within clinical
trial reports. The goal of this study was to determine whether our previously designed visualization could be used to
increase time saved and accuracy as compare to the current method, while maintaining an easy to understand format.

The results of the usability study were consistent with our intuition. We found that having the visualization required
on average 28.1% less time (25.8 min vs. 35.8 min; p=0.01) while maintaining similar accuracy. These findings did
not appear to be affected by participants’ varying levels of familiarity with the statistics, clinical domain (i.e., non-
small cell lung cancer) and clinical trial procedures. This suggests that having essential information placed in context
of the entire experiment helps users cognitively critique and apply contributions of clinical trials on a deeper level in
a more timely fashion. This enables informatics tools to query information to be used for meta-analysis and
probabilistic disease modeling and assist with the difficult task of assessing the quality and usefulness of each trial.
The results of the reproducibility study showed that visualizations were on average 86.1% similar to the gold standard
when produced by participants. This suggests that the proposed visualization is easy to understand and apply, and
logically represents essential elements in a clinical trial study. This paper presents an attempt at identifying a
standardized view that follows from intuition given that users have formal training in informatics.

While all participants favored the visualization over the current method, questionnaires revealed that much work is
needed to improve the satisfaction and usability of the visualization. One solution to avoid bias of a less completely
documented clinical trial study is to use the visualization to supplement an individual’s understanding gained from
reading the status quo published report. While the study design proposed in this paper assigns participants to either
the status quo or the visualization condition, in actuality, the two conditions are not mutually exclusive. This suggests
that the combination of having a visualization to reference while reading the status quo published report can further
help to save time and increase accuracy. One of the next steps include extending the evaluation to potential users.
While the results from this study were gathered on students serving as surrogates, preliminary interviews with potential
users show promise. In an unstructured interview, one biostatistics professor anecdotally noted that she liked the
hybrid process model-spreadsheet for contextualizing observations and statistics.

We recognize one limitation is the current reporting of clinical trial studies, which may contain missing information.
Because the visualization is designed to present the same information as the status quo, missing information can
negatively affect the user satisfaction rating. Another limitation is related to the design of the task questionnaires.
Because no standard list of questions exist to test comprehension of clinical trials, we tailored questions from standard
reporting guidelines to determine the types of information necessary for comprehension. The final list of questions
was confirmed by domain experts to determine if answering questions display understanding. We also need to address
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the limitation of self-reporting (e.g., timing), which may be inaccurate. Another limitation includes the recruitment
of participants and the selection of baseline assessment measures in the pre-questionnaire analysis. Participants were
students that served as proxy for potential users. Classes provided a quantitative way to rank students, however, the
assessment may not be accurate for non-traditional students who gained experiences outside of classes or have a time-
lapse of many years between graduate and undergraduate courses. One more limitation relates to the issue with
questionnaires based on the Likert scale. While Likert scales can pinpoint problem areas, they are unable to give
information on the nature of the identified problem.

Conclusion

The current research addresses the usefulness of the visualization and tests its efficacy in understanding clinical trials
in a timely manner. Our results suggest that the application can decrease time without sacrificing accuracy, the
visualization is reproducible across multiple users, and the system is generally accepted in a targeted user group. With
the abundance of clinical trial research, further work is necessary to translate the published report into a concise and
informative visualization containing the same information but with more functionality. The logical structure of the
results of clinical trial reports will allow computers to better assess the quality and strength of trials, extract important
statistics, and assist in comparison of trials.
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