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Introduction  
The recently published “Healthy People 2020” objectives emphasize education so patients can be 
knowledgeable and proactive members of their healthcare team [1]. To achieve this critical goal, this 
biomedical information center at Vanderbilt University Medical Center (VUMC) has identified an 
innovative framework that allows for a personalized approach to health communication: patients can 
learn in a way that suits them best, how to care for themselves and their families. Leveraging years of 
expertise in adult education, a strategy has been developed that focuses on two key principles: an 
understanding of an individual’s health literacy level and an understanding of an individual’s preferred 
mode of learning (often referred to in the educational literature as learning styles).  
 
While health literacy is often discussed as a means to enhance patient-provider communication, the 
effect of learning styles has been less explored. This paper presents the first steps of an Institute of 
Museum and Library Services (IMLS)-funded state-of-the-art intervention for optimizing 
communication with patients who represent a diverse array of literacy levels, learning styles, and 
knowledge of their medical conditions. 
 
Background  
In 2010, the Knowledge Management and Eskind Biomedical Library teams received IMLS funding to 
create a model for patient-specific information prescriptions tailored to individual health literacy levels 
and learning style preferences. Across multiple phases, the research team will conduct a series of 
studies designed to (1) evaluate the effectiveness of the individualized information prescriptions and 
(2) test their reusability for a variety of healthcare conditions and settings.  
 
Evaluation of the information prescription is being conducted through a randomized trial of  
hypertensive adult patients in the VUMC emergency department (ED).  The primary outcome is 
knowledge of high blood pressure concepts in a randomly allocated intervention group that receives 
the tailored health education materials in addition to standard ED discharge instructions; the control 
group receives only discharge instructions.  To assess baseline knowledge, patients are administered 
a hypertension quiz at the time of their ED visit. Two-weeks after their ED visit, hypertension 
knowledge is reassessed using the same quiz, and differences between the control and intervention 
groups are compared.  
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The use of an effective health knowledge assessment instrument is fundamental for accurately 1) 
capturing baseline data and 2) assessing knowledge retention.  In an earlier feasibility study designed 
to capture the effect of a learning-style tailored information prescription [2], the team used a non-
validated high blood pressure questionnaire, the National Heart, Lung & Blood Institute’s (NHLBI) 
Check Your High Blood Pressure IQ [3].  Results from that experience highlighted the need for a 
more rigorous tool to measure hypertension knowledge.  Specifically, study outcomes revealed that at 
baseline, of the twelve quiz questions, seven were answered correctly by over 80% of study 
participants (n=76).  The high proportion of correct answers prior to study intervention thus minimized 
the potential to observe statistically significant increases in knowledge gains at follow-up.  
 
High Blood Pressure Assessment Development  
In preparation for the IMLS grant starting in December 2010, in November 2010 the Knowledge 
Management team initiated a process to create and test a novel high blood pressure knowledge 
assessment for use in the long-term research project.  
 
Knowledge Test Development 
Investigators began by collecting questions from various sources for consideration in the knowledge 
assessment. Sources included the NHLBI's Check Your High Blood Pressure IQ quiz, an online 
knowledge assessment accessible from the American Heart Association’s website [4], questions 
reported in hypertension research primary literature and contributions from a VUMC emergency 
department clinician.  Eighteen questions were selected from the pool of potential items and then 
compiled into a knowledge test; some questions were revised from their original format and 
restructured to include multiple choice response options.  For the question selection process, 
particular attention was given to risk factors (e.g. nutrition) and long term complications.  All questions 
were translated into Spanish. 
 
Knowledge Test Validation 
Using the same patient inclusion criteria as the planned research project, the Knowledge 
Management and Eskind Biomedical Library teams assessed the content validity of the high blood 
pressure knowledge assessment. Three rounds of testing were performed; each round consisted of 
ten hypertensive ED patients. Patients eligible for enrollment in this validation study were aged 18 or 
older, and able to read and speak either English or Spanish.  Additionally, eligible patients had two or 
more blood pressure measurements taken during the ED visit that met criteria for Stage I or Stage II 
hypertension as determined by the Joint National Committee on Prevention, Detection and Evaluation 
and Treatment of High Blood Pressure [5].  Patients were excluded if they had a life-threatening 
condition as measured by an Emergency Severity Index of 1 (the most severe level), left the ED 
without being seen by a physician, were transferred to another institution, were imprisoned, had a 
psychiatric chief complaint, or the medical chart noted cognitive impairment.  Knowledge 
Management Information Specialists performed patient recruitment and the study received exemption 
status from the Vanderbilt University Institutional Review Board.  
 
The validation process ensured the high blood pressure knowledge quiz reflected key hypertension 
management concepts and captured knowledge variation among participants.  The study team then 
analyzed data from the three rounds of testing to refine and modify questions. Results from the final 
round provided standard deviation data to inform the sample size calculation in future phases of the 
research project. 
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Results 
Eighteen questions were selected for inclusion in the initial round of testing. Table 1 shows the rate of 
correct responses for questions revised between Rounds 1 and 2. 

 
Question 4 asked respondents to identify the race with the highest rates of high blood pressure. In 
Round 1, 90% of patients correctly selected “African-Americans” over the other choices of 
Caucasians, Hispanics, and Asian Pacific Islanders.  Given the high correct response rate, prior to 
Round 2, the question was changed to ask which race had the highest mortality rate from high blood 
pressure complications.  An additional response option of “American Indians” was added based on 
data from a National Vital Statistics Report [6].  In Round 2 however, the question was still correctly 
answered 90% of the time, and 70% of the time in Round 3.  The high correct response rate across 
all rounds of testing demonstrated a widespread understanding of the increased risk of high blood 
pressure among African-Americans. This question was subsequently eliminated from the final high 
blood pressure knowledge assessment as the study populations indicated less educational need for 
this concept.  
 
Question 5 (Figure 1), assessed knowledge of risk for high blood pressure by age.  
 

 
 
Most respondents seemed to understand that the risk for high blood pressure increases with age, 
therefore the question format was changed from a Yes/No response to a multiple choice selection. 
The original question was used in a research study by Egan et al. [7] and response options of the 
revised question were extracted from data in a National Center for Health Statistics Brief on the 
prevalence of high blood pressure [8].  Data from Rounds 2 and 3 showed that few patients answered 
the revised question correctly, thus identifying an important educational need.  
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Originating from a quiz on the American Heart Association’s website, Question 10 (Figure 2), 
captured an individual’s understanding of the risk factors for high blood pressure and heart disease 
[4]. Results from Round 1 showed that many patients correctly selected option “d”.  The response 
options were modified to replace option “d” with the “late-child bearing” statement, which may be 
familiar to patients who heard news reports of its association with an increased risk for breast cancer.  
Placing it out of that context and within this question can help assess knowledge of major risk factors 
for high blood pressure and heart disease.  Participants were directed that more than one answer 
could be selected. Additionally, the option “Do not know” was added to this question and several 
others to allow the respondent to indicate they do not know the answer rather than guessing.  
 

 
 
After analysis of results from Round 2, the team determined that additional changes were needed for 
Question 9 (Figure 3). This question was included to capture understanding of important contributors 
to high blood pressure.  During validation testing many participants understood ice cream to be the 
least likely answer.  The team replaced option “d” with a choice focusing on the dietary intake of fruits 
and vegetables; similarly to Question 10, this new option was included given increased news focus on 
healthy eating and the high likelihood that study participants would have exposure to media 
messages.  
 

 
 
At the conclusion of Round 3, the two questions with the highest correct response rate were Question 
7 and Question 17. These questions were related to the use of high blood pressure medications and 
warning signs of strokes.  Each question was answered correctly by 8 of the 10 respondents. Though 
these two questions were often correctly answered, they covered critical concepts and the team 
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determined they were important enough to retain to help educate the 20% of patients that may not 
answer correctly.  
 
After the elimination of Question 4 as previously explained, the final knowledge assessment consisted 
of 17 questions. Final results from Round 3 testing showed that 15 of the 17 items on the final version 
of the quiz were answered correctly less than 80% of the time; the average correct response rate for 
the entire quiz was 45%. Outcomes from this iterative testing process enabled the design of an 
instrument that effectively measures knowledge of hypertension in ED patients and identified high 
blood pressure education needs.  
 
Information Prescription Content Development  
Following the knowledge quiz development and testing, the team created educational information 
prescription content targeted to different literacy levels; this content was intended for use during the 
funded phase of the research project. Learning objectives for the material were drawn from concepts 
covered in the final version of the high blood pressure knowledge instrument. Information 
professionals with curriculum development and patient education experience created content relevant 
to each learning objective.  Content was selected from various sources including government 
agencies and national associations (e.g. National Heart Lung and Blood Institute, the Center for 
Disease Control and Prevention, and the American Heart Association).  
 
Few guidelines were available for mapping educational content to specific health literacy levels. 
Adapting a tiered model from diabetes education research by Wolff, et al. [9], the team created two 
tiers of content for the personalized information prescriptions based on grade level. A “core” set of 
educational content was written at the 5th grade reading level.  Additional advanced “supplemental” 
information written at the 8th grade reading level included more complex concepts related to high 
blood pressure and associated health issues.  The determination of which material a patient received 
was driven by the results of the health literacy testing in the first phase of the larger research project; 
patients with “inadequate” health literacy were provided with the “core” educational materials, patients 
with “marginal” health literacy received the “core” materials with the option to receive “supplemental” 
content, and patients with “adequate” health literacy received both the “core” and “supplemental” 
materials. Design of the information prescription material followed proven guidelines for clear health 
communication (e.g. larger font sizes, heavy use of pictures and visual elements, etc. [10-11]).  
 
Conclusion 

With the proliferation of health information available through different media (e.g. television, radio, 
and websites), individuals who have not been formally trained in healthcare may misinterpret or 
incorrectly apply what they have heard or read. To address this, researchers working in healthcare 
communication must carefully design knowledge assessment tools that are capable of ascertaining 
potential confusion from media sound bytes.  

This paper describes a study that addresses this critical health issue. A team of librarians and 
information specialists carefully determined which questions were best suited for the knowledge 
assessment, largely informed by knowledge gained from a previous pilot study.  Knowledge testing, 
combined with the development of individualized educational materials, provides an opportunity to 
address knowledge gaps as well as patient misunderstanding of health care concepts. Based on this 
research, a key recommendation for other investigators is to not blindly adapt questionnaires and 
tests without first doing refinement and evaluation as this type of validation can potentially determine 
the overall impact of research interventions.  
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