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parameters, including validity and reliability.

heart disease, prevention and control

dvances in the early recognition and aggressive
medical treatment of cardiac disease have led to a
sharp decrease in mortality in the predominately older
adult population at risk." As mortality fignres have

ames S. Rosneck, MS, RN

anager, Cardiovascilar and Pulmonary Rehabilitation, and
dministrative Director, Center for Cardiovascular Research, Summa
calth System, Akron; Associate Professor, Department of Sports
cience and Weltness Edycation, The University of Akron, Ohio.

oel Hughes, PhD

irector, Applied Psychology Center, and Associate Professor,
sychology Department, Kent State University; Scientific Director,
enter for Cardiovascular Research, Summa Health System, Akron;

“and Adjunct Assistant Professor, Department of Medicine, Case
estern Reserve University, Cleveland, Ohio.

ohn Gunstad, PhD

ssociate Professor, Psychology Department, Kent State University;
esearch Associate, Center for Cardiovascular Research, Summa
ealth System, Akron; Adjunct Assistant Professor, Department of
edicine, Case Western Reserve University, Clevetand, Ohio.

ichard Josephson, M5, MD

rofessor of Medicine, Case Western Reserve University School
f Medicine, Cleveland; Director, Cardiac intensive Care
nit/Director, Cardiovascular and Puimonary Rehabilitation,

djunct Assistant Professor, Francis Payne Bolton Schoct of Nursing,

Journal of Cardiovascular Nursmg

Vol 29, Na. 3, pp 242-256 | Copyright © 2014 Wolters Kluwer Heaith | Lippincett Williams & Wilkins

Development and Psychometric Evaluation
of a Cardiovascular Risk and Disease
Management Knowledge Assessment Tool

James S. Rosneck, MS, RN; Joel Hughes, PhD; John Gunstad, PhD; Rlchard Josephson, MS, MD;

Purpose: This article describes thé systematic construction and psychometric analysis of a knowledge assessment
instrument for phase Il cardiac rehabilitation {CR) patients measuring risk madification disease managerhent
knowledge and behavioral outcomes derived from national standards relevant to secondary prevention and
management of cardiovascular disease. Methods: First, using adult curriculum based on disease-specific learning
outcames and competencies, a systematic test item development process was completed by clinical staff. Second,
a panel of educational and clinical experts used an iterative process to identify test content domain and arrive at
consensus in sefecting items meeting criteria. Third, the resulting 31-question instrument, the Cardiac Knowledge
Assessment Tool (CKAT), was piloted in CR patients to ensure use of application. Validity and reliaility analyses
were performed on 3638 adults before test administrations with additional focused analyses on 1999 individuais
completing both pretreatment and posttreatment administrations within 6 months, Resulis: Evidence of CKAT
content validity was substantiated, with 85% agreement among content experts. Evidence of construct validity was
demonstrated via factor analysis identifying key underlying factors. Estimates of internal consistency, for example,
Cronbach’s @ = .852 and Spearman-Brown split-half reliability = 0.817 on pretesting, support test refiability.

lterm analysis, using peint biserial correlation, measured relationships between performance on single iterns and
total score (P < .01). Analyses using item difficulty and item discrimination indices further verified item stabifity
and validity of the CKAT. Conclusions: A knowledge instrument specifically designed for an adult CR population
was systematically developed and tested in a large representative patient population, satisfying psychometric
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decreased, an increased burden has been placed on the
healthcare system to provide the necessary preventive
tools to effect long-term disease self-management in
this large patient cohort.” These same advances in the
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i

arly recognition and aggressive medical treatment of
ardiac events, coupled with the dramatic decrease in
:me of hospital stay, have limited in-hospital patient
ducation. There is also evidence of a fundamental in-
hility of the adult patient and family to comprehend
‘he behaviors required of them to improve long-term
calth outcomes during an acute period of physical and
sychological stress typical of postprocedural inpatient
hospital care.” During this shortened immediate:-postre-
overy. period, both patients’ and - families™ perceived
carning needs are directed: at effecting survival of the
erial event and not secondary preventive strategies.” The
oal of outpatient cardiac rehabilitation (CR) from its
nitial inception has been to return the patient to op-
ima] physical and psychosocial functional status after
ardiac illness. Contemporary CR programs use substan-
fial resources teaching risk factor and disease manage-
ment strategies. To this end, education programs are
ormulated to help patients modify high-risk behaviors
and assume personal responsibility for long-term dis-
case management.” Results are encouraging; meta-

1alyses. have revealed a-34%:reduction-in-cardiac
_mortality and 29% reduction in recurrent myocardial
afarction in CR settings where these focused psycho-
ducational programs have shown to be most effective.®
Many CR programs have developed “home-grown” as-
essment tools to measure baseline disease and risk knowl-
edge as well as quantify gains. Lacking is a test specifically
developed and validated in the target population. Al-
though instruments have been systematically developed
to measure general knowledge in a variety of other cardio-
vascular settings, these assessment tools want for speci-
ficity of purpose and application in both pretesting and
posttesting CR use.”” In a more focused CR cliental,
Smith et al'® designed a 40-item test with good reli-
ability and validity results. However, design flaws in-
cluded development in a small, nonrepresentative sample
of male phase IT and Il CR participants with and with-
out diagnosed coronary artery disease; inclusion of a
pilot group of 38 spouses; and a Flesch-Kincaid read-
- ing grade level of 11.3 and reading ease of 41.6 {both
well outside the recommend levels of eighth grade or
lower and readability ease of 75, respectively).' " In
addition, test items included program-specific knowl-
edge including entry requirements, cardiopulmonary
- resuscitation technique, and type A and B behavior
analysis, further limiting general application. Missing
~ were objective questions focused on specific, nationally
established disease management goals, including lipids,
blood pressure, exercise, diabetes, diet, and congestive
heart failure management criteria."® More recently,
Bergman et al'® developed a psychometrically sound test
that claimed useful application in “adult populations”;
however, the test was developed using an urban under-
graduate student cohort. A follow-up comparative study
by the authors using an older adult cohort (mean age,
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57 years) demonstrated a negative association between
subject age and test score, further calling into question
the use of young adults in the original design, valida-
tion, and interpretation of the.instrument. Furthermore,
a lack of specific focus on coronary artery disease risk
modification and disease management knowledge limits
the use of this instrument in CR adult clientele."

3

5

Methods
Project Overview

This work’s primary purpose was the development and
deployment of a valid clinical assessment tool for this
specific adult patient population. The design strategy
we describe was first validated as a clinical improve-
ment project in a focused representative sample of 50
CR patients from 2000 to 2001. With local institu-
tional review board (IRB) approval, the results of this
developmental project were expanded to include an ad-
ditional 114 test applications, which completed pilot
analysis in 2002. During the ensning years 20022011,
this instrument fulfilled its primary goal of measuring
clinically relevant knowledge in our patients, thus en-
abling effective individual and group educational reme-
diation. In January 2011, with Jocal IRB approval, we
retrospectively conducted in-depth analysis to further
validate its application and make any necessary psycho-
metric adjustments to its construct,

Design Approach

The formative stage of the project was initially influenced
by the mode! developed by Gustafson and Branch,'®
which enumerates 4 major activities consistent of ef-
fective adult instructional development: first, analysis
(of the setting and fearner needs); second, design of a
set of specifications for an effective, efficient, and rele-
vant learner environment; third, development of all
fearner and delivery materials; and fourth, evaluation.'®
Richey'” also identified 6 core elements of adult instruc-
tional deyelopment that also influenced our design ap-
proach: (1) determine learner needs, (2) determine goals
and objectives, (3) construct assessment procedures, {4)
design/select delivery approaches, (5) try out instruc-
tional system, and (6} install and maintain system. These
models form the foundation of the World Wide In-
structional Design System, whose curriculum and evalua-
tive models mandate a structured process with a primary
focus on the following: who the learners are (adults
40-85 years old), what they need to know (heart dis-
ease risk and disease management knowledge and
skills), hen learning objectives are met {learning time
lines), and how they are going to get there (instructional
strategies). The process then involves matching learning
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FIGURE 1. Cardiac rebabilitation instructional modules. A total of 36 instructional modules were developed according to
guidelines established by the American Heart Association and American College of Cardiology for secondary prevention of
beart disease and lifetime maintenance of heart bealthy lifestyle praciices.'®

competencies to achievement criteria in an iterative irem pilot and rigorously investigate the designed psychomet-

development format before piloting the test in the target  ric constructs over time in our large CR patient population.

population and performing reliability analyses.”® Our

Wor_k was purposed to follow tl?ls des‘ign using a mﬂtl— Test Construction

disciplinary team of experts including professionals

representing nursing, medicine, exercise physiology, die-  Instrument development was initiated in May 2000 by

tetics, pharmacy, psychology, and adult education then multidisciplinary members of our program’s Summa .
Meds =1

Stroke = 1 Lipld
Management= 8

Diet=2
Diabetes =1

Anat & Phys = 1

Risk Factors =2

Heart Failure =3

BP Contrel=5 Exercise =8

FIGURE 2. [.earning content domains and corresponding number of test items. Ten focused curriculum domains, develope
by multidisciplinary staff and specific to the desived learner-based competencies and outcomes suggested by the America
Heart Association and American College of Cardiology guidelines, are presented."® BP indicates blood pressure; Meds,
medication; Anat & Phys, anatomy and physiclogy.
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diac Rehab (SCR) staff using a systematic process
ted by Grant and Davis that involves stepwise
ntent domain identification, item generation, and in-
Lifnent construction. =2

Developers adhered to a process, pioneered by Bloom
refined by Anderson, that recognizes a taxonomy
arning objectives within coguitive and affective
ing domains.”® % Test item development focused
Bloom’s foundation learning ohjectives of knowl-
, comprehension, and application, all fundamen-
‘evaluative milestones in realizing the ultimate goal
behavioral change, The SCR program’s core curric-
m consists of 36 instructional modules {(Figure 1)
eveloped according to guidelines established by the
erican Heart Association and American College of
tdiology for secondary prevention of heart disease
wdlifetime maintenance of heart-healthy lifestyle prac-
5. 2* We followed the process where Lynn®* defines
ent validity as “the determination of the content
resentativeness or content relevance of the elements/
ms of an instrument.” The 2-stage process first in-
ved a structured developmental stage followed by a
uantification stage.”* During the developmental
ge, SCR staff, using their cumulative experience with
eaching plan objectives contained in each module,
were challenged to identify focused curriculum domains
cific to desired learner-based competencies and out-
mes. Ten learning content domains evolved as a result
this process: (1) blood pressure control, (2) lipid man-
ement, (3) exercise, (4) heart failure, (5) cardiovas cular
disease risk, (6) medications, (7). anatomy and phys-
ogy, (8) diet, (9) diabetes, and (10) stroke (Figure 2).
t, the SCR staff generated teaching plans with
cific objectives and curriculum content for the individ-
al teaching sessions contained within the 10 identified
ening domains. Test items were then systematically
veloped to measure desired competencies and objec-
specific to each key learning domain. A pool of test
s was constructed by working from a list of instruc-
nal objectives weighted to approximate and prioritize
importance within each learning content domain. Care
s taken to ensure that teaching content and learning
objectives were tested in proportion to the refative im-
bortance they received during group instruction and
dividual remediation. Item relevance was then deter-
ned using a content validity index, Ttems were indi-
ually scored by the 8 SCR developers on a 4-point
ale of 1 = not relevant, 2 = somewhat relevant, 3 =
tite relevant, and 4 = hlghly relevant. Scores higher
an 1 connoted relevance. frem inclusion scores required
85 agreement among the CR raters.>*** From this
tem pool, developers then weighted learning domain
mplexity based on a S-point Likert scale from easy
o difficult. Difficult domains, which required multiple
carning objectives and more complex behavioral
astery, were thereby systematically allotted sufficient
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items to satisfy these needs (Figure 1). The test structure
focused on criteria-referenced learning objectives. The
instrument item structure consisted of a short-phrased
question followed by 5 multiple-choice responses: 1
correct response and 3 incorrect interspersed distractors
followed by a fifth “I don’t know” response, also scored
incorrect. The “I don’t know” option was chosen because
of the criteria-based design of the instrument and the im-
portance of clinicians clearly ‘evaluating base line and
temporal improvements in knowledge by avoiding guess-
ing and test-taking acumen,”**” Reading comprehen-
sion was kept at a basic eighth grade comprehension
level via Simple Measure of Gobbledygook and Flesch
readability analysis.***! This reading level was well
within our patient ecucation demographic (mean [SD],
13.6 [2.69] years} and generally accepted in the adult
health Literacy literature.**** Test developers avoided
the use of jargon and obtuse medical terminology in
item design. Test items were also screened for simplic-
ity of sentence construct, redundancy, and optimal clar-
ity of interpretation. A panel of 7 expert judges was
then recruited, and using a table of specification format,
these content experts evaluated the relevancy of the
test item to the curriculum content and teaching ob-
jectives previously identified®* (Table 1). If expert mean
agreement on an item was 80% or less, the item was
examined for either rewording or deletion. Fourteen
itemns met this criterion; 9 were deleted and § were re-
worded. Test items were selected for inclusion in the
final instrument using a cutoff criterion of at least
85% (6/7) interrater agreement among the judges®*
{Table 1). 'The 31 items chosen for inclusion were a
result of this systematic process and compose the
Cardiac Knowledge Assessment Tool {CIKAT), devel-
oped to evaluate achievement of the learning objectives
contained within this core CR curriculum (Table 2).

Sample Characteristics

A convenience sample of 3638 adults tested from
2002 to 2011 in our urban Midwestern phase II CR
program was chosen for the study (Table 3).

Test Adﬁwinistration

Subject testing was conducted in a controlled environ-
ment during intake and discharge sessions at our facility.
Fach subject was instructed regarding the importance of
candid responses and use of the “I don’t know” answer
option to provide an accurate assessment of histher
knowledge levels. Test design allowed subjects to self-
select either paper-and-pencil or computer mouse-click
application. Visual test instructions were the same for
both formats. Approval from the IRB was obtained for
the pilot project in 2001. The test was then piloted in a
group of 50 consecutive CR patients who, through the
use of a formatted questionnaire, rated the test to be
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Reviewer 1 Reviewer 2 Reviewer 3
Discipline BSN-EP/15 y MA-EP/15 y _ BSN/25 ¥
Question No. Status Domain Ob/Met Domain Ob/Met - Domain Ob/Met
1 vy BP 80% BP 80% ) BP 30%
2 - Chal. 95% Chal, 80% Chal. 90%
3 4 Ex. 95% EX. 80% . Ex. 100%
4 X BP 85% BP 50% BP 0%
5 " Chol. 80% CAD 50% Chol. 100%
6 v Ex. 95% Ex. 80% Ex. 100%
7 v Ex./Sfty 80% Ex./Sfty 80% Ex./Sfty 95%
8 s BP/Diet S80% BP 88% B8P 90%
9 e Chol, 90% Chol. 50% Chol. 100%
10 - Chol. 0% Chaol, 70% Chol. 90%
11 x 8p 80% BP 80% BP 90%
12- P BP/Diet 85% BP/Diet 80% BP/Diet 90%
13 o Ex. 95% Ex. 80% Ex. 90%
14 " Chol. . 35% Chol. 80% Choi. 90%
15 X Diet 70% Diet 80% Diet 0%
16 e Ex. 85% EX. 80% Ex. 90%
17 v Chal. 85% Chol. 80% Chol. 85%
18 I BP 80% BP 70% BP 20%
19 v Chol. 95% Chol. 80% Chol. 90%
20 X Ex. 60% Ex. 50% Ex. 80%
21 1~ BP 80% BP 70% BP 90%
22 X BP 65% BP 70% BP 80%
23 [ Chal. 95% Chot. 80% Chal. 100%
24 7 Meds 85% Meds 80% Meds 100%
25 o Fx. 85% Fx. 50% Ex. 90%
26 o Chal, 80% Chal. 80% Chal, 100%
27 v EX. 0% Ex. 80% Ex. 100%
28 x Ex. 85% Ex. 50% Ex. 0%
29 v Stroke 90% Stroke 80% Stroke 90%
30 X Stress 80% Stress 20% Stress 100%
31 74 Rsk/Rec 80% Rsk/Rec 80% Rsk/Rec 90%
32 74 CHF 20% CHF 70% CHF 80%
33 ' Ex. 90% Ex. 80% Ex. 100%
34 X Ex/Risk 60% Ex/Risk 50% Ex/Risk 90%
35 b Rsk/Rec 90% Rsk/Rec 80% Rsk/Rec 80%
36 - A&P 85% A&P 70% A&P 100%
37 74 Diabetes 95% Diabetes 90% Diabetes 90%
38 v CHF 85% CHF 80% CHF 100%
39 % CHF 80% CHF 80% CHF 100%
40 X CHF 65% CHF 40% CHF 100%

¥ = itern revised and accepted; ¥ = item accepted; x = item rejected.

Abbreviations: A&P, anatomy and physiclogy; 8P, blood pressure; BSN, bachelor of science in nursing; BSN-EP, bachelor of science in nursing/master
of science in exercise physiology; BS-RD, bachelor of science in nutrition and registered dietician; CAD, coronary artery disease; Chol.,
cholesterol; CHF, congestive heart fallure; Fx., exercise; Ex/Risk, exercise risk; MA-EP, master of arts in exercise physiology; MD, ficensed
physician and board certified cardiologist; Meds, medications; MS-EP, master of science in exercise physiclogy; Ob/Met, objective met;

Rsk/Rec, risk recognition.

®Fach row contains 1 of the iterns under consideration for inclusion in the final instrument. Each calumn contains information from 1 of the 7 content
experts. The cell at the intersection of each row and column contair the expert's domain assignment for that particidar test ftem and the
percentage agreement of the relevancy of the test item to the identified, curriculum content and teaching objective.

understandable, “quick and easy to take” {mean admin-
istration time, 13.5 minutes), and unambiguous in read-
g interpretation.

Data Collection

Data were prospectively collected in our CR clinical
database then retrospectively deidentified and entered
in a separate database created in SPSS version 16, which

was used to perform descriptive, validity, and reliability
analyses.*

Measures

Validity

Although there are several types of validity, the 3 most
important in the educational literature are content;
construct, and criteria related.*®” There is agreement .




Reviewer 5
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Reviewer 6 Reviewer 7

Reviewer 4
MS-EP/10 y BS-RD/16 y BSN/15 y ! MD/12 y
Domain Ob/Met Domain Ob/Met Domain Ob/Met Domain Ob/Met
EP 30% BP 100% BP 100% BP 50%
Chol. 95% Chol. 85% Chaol. 98% Chaol. 100%
Ex. 95% Ex. 100% Ex. G8% . Ex. 100%
BP 50% BP 100% BP 30% 5 BP 20%
Chol. 90% Chol. 80% Chol. 80% Chal. 100%
EX. 90% Ex. 60% Ex. 95% Ex. 100%
Ex./Sfty 100% Ex./Sfty 100% Ex./Sfty 85% Ex./Sty 100%
8P 85% BP 80% BP/Diet 58% BP 80%
Chol. 95% Chol. 80% Chol. 93% Chol, 100%
Chol. 80% Chol. 90% Chol. 99% Chol. 90%
BP 70% 8P 50% BP 69% BP . 20%
BP/Diet 90% BP/Diet 10% BP/Diet 93% BP/Diet . 100%
Ex. 90% Ex. 80% Ex. 99% Ex. 100%
Chol. 9% Chol. 100% Chal, 89% + Chol. 100%
Diet 80% Diet 100% Diet 50% Diet 50%
Ex. 85% Ex. 30% Ex. 85% Ex. 50%
Chol. 80% Chal. 280% Chol. 62 % Chol. 100%
BP 85% BP 80% BP 90% BP 100%
Chot. 100% Chol. 100% Chol. 100% Chol. 50%
Ex. 80% Ex. 100% FX, 83% Ex. 100%
BP 80% BP 160% BP 88% BP 100%
BP 90% BP 10% BP 63% BP 50%
Chol. 85% Chol, 40% Chal. 90% Chol. 100%
Meds 100% Meds 100% Meds 99% Meds 50%
Ex. 90% Ex. 40% Ex. 82% Ex. 100%
Chol, 85% Chol. 80% Chol. 93% Chal, 100%
Ex. - 75% Ex. 100% Ex. 100% Ex. 100%
Ex. 70% Ex. 100% Ex. 67% Ex. 50%
Stroke 75% Stroke 100% Stroke 100% Stroke 100%
Stress 55% Stress 100% Stress 79% Stress 50%
~ Rsk/Rec 85% Rsk/Rec 95% Rsk/Rec 75% +  Rsk/Rec 100%
~ CHF 30% CHF 100% CHF 97% CHF 100%
Ex. 85% Ex. 100% EX. 90% Ex. 100%
- Ex/Risk 85% Ex/Risk 100% Ex/Risk 85% Ex/Risk 20%
Rsk/Rec 80% Rsk/Rec 100% Rsk/Rec 100% Rsk/Rec 100%
o A&P 100% A&P 90% A&P 90% ASP 100%
~ Diabetes 80% Diabetes 100% Diabetes 85% Diabetes 20%
i OCHF 90% CHF 80% CHF 75% CHF 100%
CHF 90% CHF 100% CHF 100% CHF 100%
CHF 100% CHF 50% CHF 0% CHF 90%

1 the methodologic literature that content validity is
gely a matter of judgment, involving 2 distinct phases:
st, a priori efforts by the test developer to enhance
ntent validity through careful conceptualization and
main analysis before item generation, and second,
osteriorl efforts to evaluate the relevance of the test’s
ntent through expert assessment.”****% Content
alidity of the CKAT was established by SCR develop-
ntal staff and clinical content experts using this

approach by use of a “table of specification” described
by Anastasi®® as “the systematic examination of test
items to insure coverage of a representative sample of
the content to be measured.” Construct validity was eval-
uated through the use of factor analysis, a statistical
methodology used to identify underlying constructs of
the test., Predictive validation was analyzed using a
hierarchical linear regression holding baseline knowl-
edge scores and functional work capacity constant
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Test Item

Expert Mean
Agreement

10

A term that is used 1o describe biood pressure higher than normal is:
a. Hyperactive
b. Hypertension
c. Vasocanstriction
d. Hypotension
e, | don't know
A bad form of cholesterol is:
a. HDL (High Density Lipoprotein)
b. Hbg (Hemoglobin}
¢ LDL {Low Density Lipoprotein)
d. CPK {Phosphokinase)
e. | don’t know
The best way to measure if you are working hard enough during exerdise is t0;
a. Count the minutes of each exercise session
b. Count your pulse rate during exercise
¢. Count the setiings on the exercise equipment
d. Count your breathing rate during exercise
a. L don't know
High amounis of Bad Cholesterol may lead to heart probiems by blocking:
a. Heart valves
b. Heart arteries
¢. Heart electricity
d. Heart chambers
e. t don’t know
Each heart healthy exetcise conditioning session should be not fess than:
a. 15 minutes
b. 30 minutes
¢. 60 minutes
d. 90 minutes
e. t don't know
If you feel lightheaded during or after exercise, the best thing to do is:
a. Continue to exercise '
b. Monitor your pulse
c. Breath rapidly & deeply
d. Sit or lie down
e. { don't know
The focd item we eat or drink that most directly affects blood pressure is:
a. Fat
b. Salt
c. Water
d. Sweets
e. { don't know
The two best ways to decrease bad cholesterol is by
a. Exercise & medication
b. Cardiac cath & medication
c. Diet & medicaticn
d. Chelation & angiograms
e. t don't know
People who have had heart problems due to blocked arteries should keep their triglyceride levels
less than:
a. 150 mog/dlL
b. 200 mg/dL
¢. 250 mg/dL
d. 200 mg/dL
e. i don't know
The amount of sodium (salb) in the daily diet should be less than:
a. 3,400 mg
b. 1,500 mg
c. 400 mg
d. 3,000 mg
e, t don't know

3

84.3

91.8

95.4

82.9

88.6

91.4

81.6

86.9

87.0

(continues)
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Expert Mean

¢
No, Test Item _‘ Agreement
11 To gain the most benefit from a heart-healthy exercise program, you should exercise at feast: 20.6

a. Once each week
b. Twice per week
¢. Three times per week :
d. Seven times per week
e. | don't know
12 The type of cholesterol that is good and acts to remove harmful cholesterol from the body is: 90.6
a. HDL. (High Density Lipoprotein)
b. Hbg (Hemeglobin)
C. LDL {low Density Lipoprotein)
d. VDL
e, I don't know
13 The best exercise for losing body fat around the waist is:
-a. Leg fifts ‘
b. Sit-ups
¢. Crunches
d. Walking
e. I don't know
14 Choase the food below this is most likely to increase triglyceride levels; 81.7
a. Fried Foods
b. Sweets
c. Red Meat
d. Eggs
e. I don’t know
15 All of the below may help reduce high blood pressure except:
a. Weight lifting & resistance exercises
b. Body weight reduction
C. Aerobic "“cardio’ exercises
d. Stop smoking
: e, | don't know
16 The ideal goal for people who have had heart problems due to blocked arteries is to keep their LOL 87.9
cholestercl fess than:
a. 50 mg/dL
b. 70 mg/dL
c. 150 mg/dL
d. 200 mg/dL
e. [ don't know
High resting blood pressure levels increase the risk of alf the below except: 86.9
a. Stroke
b. High chotestero!
. Heart attack
d. Diseased arteries
e, | don't know
8  The type of food that is most likely to increase LDL cholesterol is:
a. Fried Foods
h. Sweets
C. Pasta
d. Eggs
e. | den't know
If you feef you are having side effects from your blood pressure medication you should: 87.7
a. Decrease the dose
b. Call your physician
C. Ignore the symptoms
d. Stop taking the medication
€. | don't know
All of the below choices are types of heart heatthy exercises except: . 83.9
a. Walking
b. Weight lifting
<. Swimming
d. Cycling
e. | don't know

821

836

88.6

(continues)
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-

Expert Mean
No. Test Hem # Agreement
21 The health practice that is most effective in increasing (HDL) cholesterol is: ‘ - 88.3
a. Low fat diet
b. Exercise

C. Stress reduction
d. Weight reduction diet
e. | don't know
22 When shouid you plan and begin a home- or community-hased exercise program. 92.1
a. During the cardiac rehab pregram
b. During the last session of cardiac rehab
c. Immediately after the cardiac rehab program
d. Two weeks after completing cardiac rehab
e. | don't know
23 People who have had heart problems due to blocked blood vessels in the heart also are at a higher L0 907
risk for stroke because: :
a. Most strokes are caused by weakened blood vessels
b. Most strokes are caused by blood thinners
€. Most strokes are caused by blocked vessels in the brain
d. Most stroke are caused by heart attacks
e, | don't know
24 If you have chest pain that is caused by movement of or pressing on the painful area it is likely that 86.4
the pain is:
a. Heart related
b. Muscle or bone refated
¢. Breathing relatad
d. Stornach related
e. | don‘t know
25 If you become short of breath when lying down or during rest, it is most fikefy due to fluid build-up 86.7
in the lungs caused by:
a.-Bronchial congestion
b. Emphysema
¢. Exertion
d. Heart failure
e [ don't know
26 The best drink to repiace fluid lost when exercising in warm conditions is: 92.1
a. Water
b. Sports drinks
¢. Fruit juice
d. Diet soda
e. | don't know
27 The following are all controliable {modifiable) risk factors for heart disease except: 90.0
a. High cholesterol
b. High bleod pressure
. Family history
d. Smoking
e. | don't know
28 The job of the coronary arteries is to: a0.7
a. Supply the lungs with blood
b. Take blood away from the heart
¢. Supply the heart muscle with blood
d. Deliver blood to the brain
e. | dont know

29 It is possible to prevent Type il (adult onset) diabetes, 85.7
a. frue
b. Faise
c. I don’t know

30 The most effective method for you to evatuate heart faiture is: 87.1

a. Pericdic checks with your doctor

b. Weighing yourself at the same time each day

¢. Measure the amount of salt you eat each week

d. Measure the amount of water you drink each day
e, I don't know

(continues)
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No. Test ltem

Expert Mean
£ Agreement

31 A person may be having the signs and symptoms of heart failure if;

a. They wake up from sleep with sever air hunger

929

b They notice that they become short of breath when doing their normal daily activities
c. They notice, the first thing in the morning, that they have % inch pitted swelling around both ankles

d. All of the above may be signs of heart faifure
e. | don't know

:v‘

3During the time period 2002-2011, 2 alterations have accurred to reflect changes in national guidelines. ltern 10, correct response: sodium
2400 mg changed to 1500 ma/d; and item 16, correct respoanse: LDL cholesterol <100 mg/dL changed to <70 mg/dL. These changes did not
affect response sequence or alter the substantive context of the correct answer or item distracters.

PLetter identifier of correct answers italicized.

while predicting post-CR program values.* In addi-
tion, correlation analysis was performed to evalnate
concurrent performance with other recognized health-
care evaluative outcome measures, including the Medi-
cal Outcomes Study Short Form-36, Duke Activity
Status Index, Mini-Mental State Exam, and Beck
Depression Inventory.***

Reliability

Cronbach’s & is a widely used estimate to support in-
ternal consistency of items in a scale. It is a measure
of the level of mean intercorrelation of items. Alpha
increases as the intercorrelation among test items in-
creases and is considered to be a robust internal con-
sistency estimate of reliability of test scores. An a of
.70 is generally recognized in the literature as accept-
able.*® We further measured internal consistency through
use of the Spearman-Brown split-half reliability coef-
ficient, a method in which the items comprising a test
are systematically split into 2 groups and scored inde-
pendently, the results of which are compared to com-
pute a correlation coefficient.”

ftem Analyses

A point biserial correlation () was used to measure
- the relationship between performance on an item {di-
- chotomous variable) and the total score (continuous
. variable} and was calculated to determine the relative
importance of test items.*” Individual items were fur-

ther analyzed using an Item Difficulty Index, which
ranges from 0 to 1 and is the proportion of subjects
who answered the test item accurately. The greater
the difficulty of an item, the lower its index will be. If
the item difficulty is more than 0.75, it is considered
an easy item, and if the difficulty is below 0.25, itis a
difficult item. The Discrimination Index, which ranges
from +1 to —1 and is a comparison of how subjects
obtaining high total scores on an instrument performed
on individual items as compared with those with low
total scores, further analyzed individual items (Table 4).%

Results

As previously described, content validity was system-
atically established by SCR develapers through the use
of item content validity index relevance analysis,
domain assignment, and strict adherence to a “table
of specification” by a 7-member multidisciplinary team
of content experts, Construct validity was determined
via a principle component factor analysis with varimax
rotation performed on 3638 pretest scores.*” Simple
structure was approached but not obtained. Seven un-
derlying factors explaining 42% of the total variance
were identified. Rotated factor loadings were inter-
preted as the Pearson correlation between the test item
and the factor {only coefficients >0.40 were retained
for interpretation). Using these criteria, 6 items did not
load significantly on any factor but were retained owing
£

LE B .
Race, n (%)
Entry Age, Mean (5D} Years of Education, Mean (5D) Caucasian AA Asian Other
. Male 64,58 (11.28) 13.81 (2.9} 2220 (94.9) 99 (4.2) 2.1 1(0)
n=2416 n = 2268°
Female 65.99 (11.28) 12.94 (2.27) . 1060 (89.5) 109 (9.2) 2(0.2) 2(0.2)
n=1222 n = 1149%
Total 65.05 (11.53) 13.52 (2.72) 32807 (93.1) 208? (5.9) 42(0.1) 3E(0.1)
n = 3638 n=3417%

_:-'Abbreviation: AA, African American.
- Mvariability in n among subgroups is caused by missing data.
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Point Biserial

Item Difficulty index

Discrimination Index

ltem No. Pre Post Pre Post Pre Post
1 0.446° 0.3574 0.83 0.93 0.32 0.15
2 0.5907 0.5342 0.49 0.0 0.75 0.25
3 0.505° 0.2982 0.817 0.97 0.38 0.07
4 0.439° (.30%5° 0.92 .98 0.18 0.05
5 0.41¢ 0.451°9 0.45 0.84 0.46 0.33
& 0.350° 0.2437 .80 0.94 0.24 0.1
7 0.384° 0.315° £.81 0.90 0.27 0.22
8 0.229° 0.386% 0.54 0.63 0.19 0.51
9 0.469° 0.477% 0.39 0.83 0.54 0.35
10 0.4342 0.501° 0.32 0.86 0.48 0.32
11 0.414% {0.183 0.85 0.95 0.24 0.07
12 0.604° (0.530? .50 0.91 0.76 0.23
13 0.323° 0.450? 0.37 0.83 0.35 0.35
14 0.311°2 0.6037 0.13 0.53 0.22 0.77
15 0.508°% 0.5552 0.52 .85 .60 0.37
16 0.436° 0.523° 0.27 0.76 0.46 0.48
17 0.559% 06167 0.54 0.81 0.67 0.46
18 0.417° 0.3187 0.61 0.87 0.43 0.18
19 0.4242 0.282°2 .93 0.98 0.14 0.04
20 0.475°2 0.4152 0.83 0.96 0.32 0.11
21 0.420° 0.597% 0.24 0.68 0.42 0.66
22 0.300° 0.5052 0.32 0.76 0.30 0.48
23 0.4912 0.4467 0.58 0.85 0.56 .30
24 0.479° 0.592° 0.46 0.75 0.56 0.57
25 0.4472 0.5422 .49 Q.79 0.50 0.47
26 0.320% 0.2377 0.87 0,97 0.16 0.07
27 0.5267 0.499° 0.76 0.91 0.47 022
28 . 0.4772 0.450° 0.58 0.78 0.54 .41
29 0.428% 0.430° 0.54 0.81 0.49 0.38
30 0.3192 0.5937 0.13 0.53 0.23 0.77
31 0.417° 0.372° .66 0.86 .39 0.26
2p < .01,

to the underlying curriculum-based content defining
their inclusion in the instrument (Table 5). Test reli-
ability was further supported via Cronbach’s a analysis,
an estimate of internal consistency. Cronbach’s & values
of .852 and .865 were obtained on the pilot and total
test data set, respectively (an a of .70 is generally rec-
ognized in the literature as acceptable). Internal consis-
tency was evaluated by the use of the Spearman-Brown
split-half reliability coefficient. The results of 0.817 for
pilot data and 0.840 for total data further confirmed
the internal consistency of the instrument. Pretest and
posttest, point biserial correlations measuring perfor-
mance between each item {dichotomous variable) and
the total score {(contimous variable) determine the rela-
tive importance of test items. Values greater than (.25,
required for a “good” item, were significantly correlated
with the total score at P <.01 for both the pretest and
posttest, with the exception of posttest item 11. The
Item Difficulty Index, which ranges from 0 to 1, re-
ports the proportion of people answering a test item
accurately (Table 4). The greater the difficulty of an
item, the lower its index will be. If the item difficulty
is more than (.75, it is considered an easy item, and if

the difficulty is below 0.25, it is a difficult item, By
these criteria, 3 items would be considered difficult
and 10 items would be considered easy on the pretest.
The remaining 18 items made up 58% of the test, with

an average difficulty score of 47.9 (50 being optimal).
Posttest difficulty scores ranged from 0.53 to 0.98, a
trend that iflustrates an overall expected decrease in .
item difficulty as a product of learning effect, described -
in educational psychology as the expected result of -
affective educational intervention.”® % The Discrimi- .
nation Index, which ranges from +1 to —1, isa com- " -
parison of how subjects obtaining high total scores on’
an instrument performed on individual items as com:
pared with those with low total scores (Table 4). All
pretest and posttest values were positive, which in-
dicates good validity because the formula for this cal-
culation is such that the value will be positive if mo.
subjects in the hlgh-scormg group chose the correct
answer than did subjects in the low-scoring group:
Analyses between the paper-and-pencil and comput
modes of administration in 1999 subjects completing
both pretest and posttest were not significantly differ-
ent {pretest, P <.064; posttest, P <.774), confirming,




Component®

. Baseline %
No. 1 2 3 4 5 6 7 Factor Description Correct
5 0.614 Factor 1: Self-management Principles 51.8
24 0.604 46.0
27 0.563 75.6
17 0.554 535
20 0.525 : 83.1
23 0.494 57.9
28°
12 0.814 Factor 2: Risk Identification 49.4
2 0.808 48.6
16 0.519 26.8
18 0,487 60.7
9 0.486 39.7
4 _ 0.649 Factor 3: Health Improvement lssues  »* 91.8
1 0.599 825
3 0.578 81.0
gb
11°
25 0.686 Factor 4: Symptom Recognition 394
30 0.685 12.6
3 0.42% 66.1
29°
10°
13 0.580 Factor 5: Reasoning Abhility 37.%
14 0.452 13.0
21 0.450 87.1
22"
26 0.637 Factor 6: Self-care Strategies 86.5
19 . 0.617 92.7
8 0.739  Factor 7: Intervention Identification 54.3
6 0.457 80.2
7 0.407 80.9

: Ytems that did not load significantly (0.4} on any factor,

uniform interpretation of results across application
“modes, Moreover, this group of completers’ test scores
positively correlated with attendance at group education

ions (P < .035), further validating the curriculum-
based design of the instrument. The CKAT pretesting
correlates with the Medical Outcomes Study Short
Form-36 Physical and Mental Composite Scales {n =
3298), Mini-Mental State Exam (n = 1164), Beck
Depression Inventory (n = 1654), and the Duke
Activity Status Index (n = 1875) (P < .01) demon-
strated CKAT’s strong levels of concurrent validity
with established health outcomes instruments. Con-
current validity was further demonstrated in a con-
venience sample of subjects completing 2 established
adult health literacy tests: the Test of Functional Health
teracy in Adults and the Medical Term Recognition
Test, which were found to correlate significantly with
AT (#=0299, P<.0L,n=152,and r = 0.330, P <
01, n = 152, respectively).”*** Using hierarchical linear
gression in a sample of 1783 subjects completing both
etesting and posttesting, CKAT posttest scores were
gnificant (P <.001) in predicting CR program esti-

Table metric shows Pearson correlation between each test item and the corresponding factor.

mated mean functional work capacity (FWC) at program
completion while controlling for preprogram CKAT
scores and functional work capacity (FWC) results. The
positive direction of this relationship strongly indicates
higher scores on the CKAT predictive of FWC gain.

Discussion

Cardiac disease knowledge assessment instruments that
have been developed in a variety of inpatient and out-
patient settings lack population specificity, systematic
construct, and rigorous reliability/validity analysis.>>'S
We have described a comprehensive and systematic test
development approach targeted for adults with cardiac
disease learning needs that adheres to nationally re-
cognized patient-centered outcomes.” The design pur-
posefully avoided parochial and non—evidence-based
content, prevalent in previous instrument design.t®
The test development focused on fundamental adult
cognitive learning objectives of knowledge, understand-
ing, and application enumerated in the seminal work
of Anderson et al.** Test item development reflected
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systematic identification of CR-specific learning content
domains of blood pressure control, lipid manage-
ment, exetcise, heart failure, cardiovascular disease
risk, medications, anatomy and physiology, diet, diabe-
tes, and stroke® (Figure 1). Self-management Principles,
Risk Identification, Health Improvement Issues, Symp-
tom Recognition, Reasoning Ability, Self-care Strategies,
and Personal Intervention, a subset of highly desirable
underlying personal care constructs, emerged via fac-
tor analysis (Table 5). Validity and reliability analyses
were robust. The test itself is unique in its use of a
“don’t know” response set in a multiple-choice format.
Previous formats used dichotomous (true/false) re-
sponses, which increase the error effect of random
guessing and test-taking acumen.?® The “don’t know”
feature further adds to the instrument’s use as a clinical
barometer of baseline learning needs pretreatment
and remediation posttreatment, by reducing error of
interpretation. Attention was specifically directed at read-
ability and ease and speed of administration. Adminis-
tration and scoring uniformity in either paper-and-pencil
or computer formats add to its use as a clinical tool in
diverse settings. The instrument has been used as an
effective clinical tool by staff during initial and predis-
charge administrations coupled with follow-up one-
on-one goal setting and outcome assessment reviews.
As a result, clinicians are better prepared to analyze the
learning-specific content needs and focus individual
educational remediation.

Limitations

The current findings were limited in several ways. First,
our findings are based on a study population representa-
tive of a Jarge Midwestern, hospital-based CR program.
Second, we included 6 items that did not significantly
load on 1 of the underlying 7 psychometric factors iden-
tified in factor analysis. The choice to include these 6 items
was based on their strong content relevancy based on
program learning objectives. Third, a memorization ef-
fect may have occurred although mitigated by a mean
time of 90.4 days between pretesting and posttesting
applications. In addition, subgroup analysis and appli-

cation and validity analysis in educational settings
devoted to effective management of heart disease risk
in populations other than CR need to be explored.

implications

Accurate assessment and interpretation of clinically
relevant data enhance intervention at every level. It is
particularly important for clinicians to accurately
assess knowledge in their adult cliental who are often
facing the need to understand a myriad of baffling
terms and concepts then make significant adjustments
to personal behavior, all during times of high psycho-
logical stress. We have described the development and
testing of such an instrument specifically focused at
the cardiovascular disease management needs of this
older-adult population. Although designed and vali-
dated in this large CR cohort, the use of this instrument
in other settings directed at integrated management
of cardiovascular disease risk is reasonable. However,
further research confirming test validity is needed in
these and CR settings representing a broader range
of demographic diversity.

Conclusions

Instruments designed to measure achievement of car-
diovascular disease management knowledge and be-
havioral change concepts in patients after a cardiac event
indicate a variety of psychomettic design flaws. 191
Realizing this need, we have systematically developed
and tested an instrument specifically designed for this
adult population that satisfies psychometric parame-
ters and reliability/validity analysis in a large represen-
tative cardiac disease patient population.
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