Development and Validation of a Puimonary
Rehabilitation Knowledge Test

Joyce W. Hopp, PhD, MPH,” Jerry W. Lee, PhD,t Renee Hills, RN, MSt

To facilitate evaluation of the education component of pulmonary rehabilitation programs,
the authors developed and validated a knowledge test covering the content areas identified
as common to programs nationwide. Procedures were divided into five stages: item construc-
tion, item testing, test validation, program evaluation, and cross testing of the final form. Re-
sults from 27 programs demonstrated an improvement from pretest and posttest scores
(F(1,57) = 58.44, P = 0.000) and from posttest and the 3-month follow-up (F(2,57) = 9.99,
P = 0.003). The final form of the test has high internal consistency (Cronbach’s alpha = 0.86).
Development of further educational evaluative instruments specific to pulmonary rehabili-

tation programs is recommended.

Education is a vital and accepted component of pul-
monary rehabilitation programs.!-3 Many programs
report attempting to measure what the participants
have learned, yet lack a valid instrument for doing so.
Among nine reported studies, none used an instru-
ment to measure change in knowledge.!*-12 A review
of the literature revealed no published instrument.

The purpose of this study was the develop and val-
idate a knowledge test suitable for the many and var-
ied pulmonary rehabilitation programs throughout
the country. Such an instrument could assist program
directors in evaluating the effectiveness of their pro-
gram’s education. Are they giving participants the
knowledge necessary to cope with their disease? Are
the educational methods conducive to learning and
do they aid retention? Additionally, by using a sam-
pling of programs nationwide, the process of devel-
opment and validation would indicate the content
areas commonly included in pulmonary rehabilita-
tion programs.

METHODOLOGY

General Procedures. The plan for the test construc-
tion involveed five stages:

Item Construction Stage. An outline of the content
of the test was developed and sent to a panel of pul-

monary rehabilitation experts.§ One hundred fifty-
three multiple choice questions were developed,
based on the revised outline. The number was
reduced to 140 after the questions were reviewed by
the panel.

Item Testing Stage. The 140 items were divided in-
to three forms and each form administered to sepa-
rate nationwide samples of pulmonary rehabilitation
patients.

Test Validation Stage. Items culled from the results
of the item testing stage were divided into two
35-question forms and each tested again using sepa-
rate samples of pulmonary rehabilitation patients.
Forty items were selected from this set for the final
form.

Program Evaluation Stage. A questionnaire was sent
to 27 program directors to determine the proportion
of time spent on each phase of instruction.
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TABLE |
OUTLINE OF PULMONARY REHABILITATION TOPICS
Percent
of items Number
Developed of ltems

Activities of Daily Living 11.8 18
Anatomy and Physiology of 5.9 9

Cardiopulmonary System
COPD Definitions 5.2 9
Diet and Nutrition 3.3 5
Emergency Care/Panic 5.9 9

Control
Exercise 11.8 18
Keeping Airways Open 17.6 27
Medications and Treatments 14.4 22
Mental Health 3.3 5
Pathophysiology of Emphysema, 3.3 5

Chronic Bronchitis, Asthma,

and Bronchiectasis
Recreation 3.3 5
Sleeping 3.3 5
Stress 59 9
Support Groups/Organizations 2.0 5
Tests, Examinations and 3.3 5

Their Meaning

Total 100.0 153

Cross Testing and Testing of Final Form. All 70
items from the two 35-item forms were administered
to a group of respiratory therapy students. This was
done to determine the relationship between the two
forms and, also, to evaluate the 40 items selected in
the previous stage as a single unit. (It would have been
impractical to administer a 70-item test in a pulmo-
nary rehabilitation setting.)

Item Construction Procedures. An outline of topics
identified as common to pulmonary rehabilitation
programs was developed from the literature!2 by the
pulmonary rehabilitation team at Loma Linda Uni-
versity Medical Center. The outline was then sent to
a panel of pulmonary rehabilitation experts who
made suggestions for revision. The resulting outline
is shown in Table L. Table I also shows the weights we
selected for each of these areas to serve as a guide in
preparing questions.

We, along with the members of the pulmonary re-
habilitation team at Loma Linda University (nurse
specialist, social worker, physical therapy, occupa-
tional therapist, respiratory therapist, dietitian and
patient education specialist), served as the item con-
struction panel. This panel was first trained in the
construction of test items by Dr. Brian Stecher, a
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consultant from the Educational Testing Service
[ETS]. Then, using the outline as a guide for distribu-
tion of items across topics, the panel met over a pe-
riod of 8 weeks and constructed 153 multiple choice
items.

A sample of the multiple choice questions we con-
structed is as follows:

Which of the following is the best safety rule to
follow when taking your medicines? a. Use antacids
with all your medicines. b. Swallow all your medi-
cines at one time. c. If one pill works well, two will
work better. °d. Take medicines as the doctor pre-
scribes.

These items were reviewed by the panel of pulmo-
nary rehabilitation experts and the ETS consultant,
who suggested changes and deletions, which resulted
in a total of 140 items. In the review process, some
topics areas were eliminated because the expert panel
felt they were not germane to all rehabilitation pro-
grams. For example, the subcategory of sexual activ-
ity replaced the main category of recreation since
recommendations regarding other “recreational ac-
tivities” were not consistent. The resulting categories
and the number of items for each category are shown
in Table IL.

Item Testing Stage. The 140 items were divided into
three forms labeled form A, form B, and form C,
composed of 46, 47, and 47 items, respectively. The
three forms were administered to individuals at 30
pulmonary rehabilitation programs, 10 sites for each
form. The programs were diverse in geographical lo-
cation and type of program. Both outpatient and in-
patient programs from nine states were included, al-
though one half of the programs were in California.
Community hospitals, university teaching hospitals,
and Lung Association programs were represented.
Additional information about sample size is con-
tained in Table III.

When the tests were returned, they were processed
using the TESTAT module of the SYSTAT statistical
package (Stenson and Wilkinson, 1986).!3 From the
140 items originally developed, 70 were selected for
use in testing two alternate forms. These items were
selected on the basis of their item-whole correlations,
item difficulty, variability, and with the intention of
maintaining, as nearly as possible, the ratio of items
that existed in the original content outline.
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TABLE Il
DISTRIBUTION OF ITEMS ACROSS CATEGORIES

Original Form D Form E Final
N Percent N Percent N Percent N Percent

Activities of Daily Living 14 10.0 3 8.6 4 11.4 4 10.0
Anatomy and Physiology 12 8.6 4 1.4 3 8.6 3 75
COPD Definitions 10 7.1 2 57 2 57 3 7.5
Diet and Nutrition 6 43 2 5.7 2 5.7 2 5.0
Emergency Care/Panic Cntrl 7 5.0 1 2.9 2 5.7 2 5.0
Exercise 9 6.4 3 8.6 3 8.6 3 7.5
Keeping Airways Open 24 17.1 6 17.1 6 17.1 6 15.0
Medicines 16 114 3 8.6 2 5.7 4 10.0
Mental Health 7 5.0 2 5.7 2 5.7 2 5,0
Pathophysiology 4 2.9 1 29 1 2.9 1 2.5
Sex Education 6 4.3 2 57 2 5.7 2 5.0
Sleeping 4 2.9 1 2.9 1 2.9 1 2.5
Stress & Relaxation 16 11.4 3 8.6 3 8.6 5 12.5
Support Groups/Organizations 2 1.4 1 2.9 1 2.9 1 2.5
Tests 3 2.1 1 29 1 29 1 25

Total 140 100.0 35 100.0 35 100.0 40 100.0

TABLE llI
SAMPLE SIZES FOR FORMS AND TEST SITES
Item Testing Item Validation

Form label A B C D E
Number of items in form 46 47 47 35 35
Number of test sites sent forms 14 14 14 13 14
Number of test sites returning forms

Pretest 10 11 9 10 10

Posttest 11 10 9 9 10

3-month follow-up —_ — — 8 5
Total number individuals tested

Pretest 64 42 56 100 83

Posttest 74 40 51 88 78

3-month follow-up — - - 50 30

Test Validation Stage. These two forms, labeled D
and E, were sent to 30 test sites. Table 3 provides ad-
ditional information on sample size. When the forms
were returned, they were once again subjected to
item analysis and 40 items were selected on the basis
of good item characteristics, distribution of content,
and importance of content. These 40 items made up
the final form.

Cross-Testing of Final Forms. The two 85-item al-
ternate forms were administered to a group of 24
respiratory therapy students. This provided an op-
portunity to assess the reliability of the alternate
form. It also allowed us to obtain an estimate of the
reliability of the 40-item set that had been selected in

the previous step.
RESULTS

Test Validation Stage. The 70 items were divided
into two forms (labeled forms D and E) made up of
35 items each. This length was decided on the basis
of the impracticality of administering a longer test to
patients in a pulmonary rehabilitation setting. The
distribution and sample sizes for the testing of these
forms are found in Table 3. In each participating
program, a pretest, an immediate posttest, and a
3-month follow-up were administered. Table IV pro-
vides means, standard deviations, coefficient alphas,
and other test information for each form.
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TABLE IV
CHARACTERISTICS OF FORMS D AND E AND ESTIMATES OF FINAL FORM MEANS

Pretest Posttest Follow-up
Sample Size
Form D 100 88 50
Form E 83 78 30
Mean (Percentage of total possible correct)
Form D 22.01 (62.9%) 26.56 (75.9%) 28.18 (80.5%)
Form E 21.95 (62.7%) 26.65 (76.1%) 28.40 (81.1%)

Final 40* (est.) 24.76 (61.9%)

Standard Deviation

Form D 6.66

Form E 6.12
Standard Error

Form D 0.67

Form E 0.68
Maximum

Form D 34

Form E 32
Minimum

Form D 5

Form E 6
Coefficient Alpha

Form D 0.86

Form E 0.83

30.82 (77.0%) 32.77 (81.9%)

4.65 3.77
4.65 4.51
0.50 0.54
0.53 0.84

34 35

35 35
9 16

14 15
0.77 0.70
0.76 0.79

*See text section entitled *‘Construction of the Final Form.”

Interestingly enough, not only did the test scores
increase from the pretest to the posttest by approxi-
mately four and one half points, but there appeared
to be an increase in test scores from the posttest to the
3-month follow-up. Such an increase could be an
artifact of the reduced sample size in the follow-up.
(Those individuals with lower knowledge on the pre-
test and posttest might be less likely to return for the
follow-up either because of less motivation or greater
mortality, or both.) To correct for this possibility a
repeated measures ANOV A was computed using only
data from individuals who completed tests at all three
testing points. The MGLH module of SYSTAT!4 was
used. The multivariate approach to repeated mea-
sures was used because of its less restrictive assump-
tions. There were no significant differences in scores
between forms D and E (F(1,57) = 0.07, P = 0.792).
The pattern of change in test scores over time was not
different between forms D and E (Time by form in-
teraction: Pillai trace = 0.02, F(2,56) = 0.53,
P =0.591). This would suggest that the forms are
likely to be equivalent. There was a change in the test
scores across time that approached significance. (Pillai
trace = 0.61, F(2,56) = 43.98, P =0.000). The
means, averaged across forms, were 20.27 for the
pretest, 26.54 for the immediate posttest, and 28.25
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for the pretest, 26.54 for the immediate posttest, and
28.25 for the 3-month follow-up. When difference
contrasts were computed, the difference between the
pretest and posttest was found to be significant
(univariate F(1,57) = 58.44, P = <0.005). The dif-
ference between the posttest and the 3-month follow-
up was also significant (univariate F(2,57) = 9.99,
P = 0.003). The multivariate test for these two con-
trasts, was also significant (Pillai trace = 0.611,
F(4,112) = 43.98, P = <0.0005).

Table IV also shows coefficient alpha for each form
of the test at each point in time. It would appear that
the internal consistency of the test is less after pulmo-
nary rehabilitation participants have been through
training than before training. This is no doubt
because of the decrease in the range of individual test
scores that is inevitable after effective training. After
all, if the programs managed to train everyone to the
point that all 35 items were answered correctly after
the test by all individuals, then coefficient alpha could
not be computed.

Table V provides information concerning the cor-
relation of the tests across time. The correlations are
generally in the 0.4 and 0.5 range. However, gener-
ally the test-retest correlations involving the 3-month
follow-up are lower. In fact, when looking at the two



TABLE V
CORRELATIONS BETWEEN TESTING TIMES
Pretest Posttest Pretest
vs vs vs’
Posttest Follow-up Follow-up
Form D
Correlation 0.5 0.35 0.71
Probability * 0.00000 0.16917 0.00003
Sample Size 85 44 34
Form E
Correlation 0.51 0.46 0.25
Probability * 0.00002 0.18218 1.00000
Sample Size 76 25 25
Forms D and E Combined
Correlation 0.52 0.38 0.47
Probability * 0.00000 0.01287 0.00159
Sample Size 161 69 59

*These are Bonferroni adjusted probabilities, which take into
account the total number of significance tests.'* For standard
significance levels divide the above probabilities by nine.

forms separately, in three of four cases they are
insignificant. This may be in part due to the relatively
small sample size on which these correlations are
based and the relatively stringent Bonferroni signif-
icance criterion adopted. When the two forms are
examined as a single test (thus increasing the sample
size), all test-retest correlations are statistically signif-
icant, though not terribly large.

Construction of the Final Form. Item analysis
statistics were calculated for each of the 70 questions
in the two 85-question alternate forms (forms D and
E). Items were then sorted into their content catego-
ries (e.g., exercise, keeping the airways open, and so
on). Next we determined how many items would be
needed within each category to approximately main-
tain the balance of content areas that had existed in
the earlier forms. Then, within each content cate-
gory, items were ranked for importance to pulmo-
nary rehabilitation programs. This ranking was done
by the two authors familiar with pulmonary rehabil-
itation programs (Hopp and Hills). Finally, 40 items
were selected on the basis of three criteria: 1) impor-
tance, 2) balance of content area, and 3) statistical
quality. There were 22 items selected from form D
and 18 from form E.

Because use of the final form requires some
knowledge of how a typical pulmonary rehabilitation
patient does on the test, we calculated estimates of the
pretest, and follow-up means in the following way.
From the data for the 385-item form D, we selected
only the answers that pulmonary rehabilitation pa-

tients had given to the 22 form D questions we were
including in the final form. We then calculated a
mean correct on these 22 items. We calculated a sim-
ilar mean correct for the 18 final form items taken
from form E. Finally, we added the resulting form D
and form E means to obtain estimates of the means
for the final form. Only one assumption is required to
make these estimated means valid. Namely, that
there is no systematic difference between those pul-
monary rehabilitation patients who responded to
form D and those who responded to form E. This
seems a reasonable assumption since programs were
assigned at random to the two different forms and
since the ANOVA, reported earlier, showed that
there was no overall difference in mean correct
responses between patients receiving forms D and E.
The resulting mean correct for the pretest, posttest,
and follow-up are, respectively, 24.8, 30.8, and 32.8
out of 40 possible. Percentages correct were 61.9%,
77.0%, and 81.9%.

Program Evaluation Phase. Twenty-seven programs
directors were sent forms requesting information
about the number of hours they spent teaching each
of the topics included in the pulmonary rehabilitation
knowledge test. These forms were returned by 24 of
the program directors. Table VI shows statistics on the
number of hours that they reported they spent on
each of the program topics tested. As can be seen, the
number of hours spent on each topic varies widely.

One might expect that there would be some rela-
tionship between the total hours involved in a pro-
gram and the average test scores of individuals in that
program. Interestingly, this was not true. In fact, the
correlation between the number of hours reported
spent in training and the average score immediately
after the training was only 0.07 (N = 14, P = 0.821),
whereas the correlation of hours of training with the
8-month follow-up test score was actually negative
(r = —0.47). This correlation, however, was nonsig-
nificant (N = 12, P = 0.127). Either the small sample
size available for this comparison made it impossible
to detect the positive correlations that were there or
program factors other than hours of training are the
crucial variables in determining learning.

Three of the 24 program directors indicated that
they had made marked changes in their educational
programs as a result of participation in the validation
study. One third of the programs changed directors
during the 2% years of the study; in some instances,
this resulted in sharp loss of time since new directors
were not oriented to the validation study until we
wrote to question why tests were not being returned.

Relationship Between Forms D and E. To help de-
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TABLE Vi
HOURS TAUGHT ON VARIOUS TOPICS IN COPD PROGRAMS (N = 24)

Standard Percentage

Mean Median Minimum Maximum Deviation of Total

Activities of Daily Living 279 2.00 1.00 10.00 2.32 9.39%
Anatomy and Physiology 1.24 1.00 0.50 3.00 0.66 4.45%
COPD Definitions 1.17 0.75 0.00 7.25 1.64 3.85%
Diet and Nutrition 1.47 1.25 0.00 3.00 0.79 4.73%
Emergency/Panic Control 1.27 1.00 0.00 3.00 0.97 3.91%
Exercise 9.75 10.00 1.00 20.00 6.29 30.22%
Keeping Airways Open 1.33 1.25 0.00 3.00 0.71 4.77%
Medicines 1.78 2.00 0.00 4.00 0.88 5.63%
Mental Health 2.02 1.25 0.00 10.00 2.45 5.41%
Pathophysiology 1.09 1.00 0.25 3.00 0.66 3.94%
Sex Education 0.64 0.50 0.00 3.00 0.69 2.18%
Sleeping 0.43 0.00 0.00 3.00 0.75 1.39%
Stress and Relaxation 2.81 2.63 0.50 6.00 1.51 8.86%
Tests 1.37 1.50 0.00 3.00 0.92 4.46%
Other* 1.93 0.75 0.00 8.50 2.52 6.80%
Total Hours training 33.86 31.00 7.25 85.00 17.58 100.00%

*Travel and smoking cessation were the only topics mentioned under this heading that could not fit into the other listed categories.

termine the characteristics of the two forms when
used together, the two 35-item forms were adminis-
tered together to 24 respiratory therapy students. The
internal consistency (coefficient alpha) for the two
tests taken together was 0.89. When the two forms
were separated, form D had a coefficient alpha of 0.81
and form E had a coefficient alpha of 0.883.

The correlation between the two forms was not as
high as we would have liked (r = 0.65). The split-half
correlation of the odd and even items out of the 70
was r = 0.86.

Characteristics of the 40-Item Final Form. We were
also able to test some characteristics of the final 40-
item form because these 40 items were a part of the
70-item form administered to the 24 respiratory
therapy students. Coefficient alpha was 0.86 for the
40-item set. Mean score for the 24 students was 32.2
out of 40 possible (80.5%) with a standard deviation
of 5.9. Maximum and minimum scores were 40 and
16. As a percentage of possible correct, this was com-
parable to the mean scores obtained by the pulmo-
nary rehabilitation patients at the 3-month follow-up
(80.5% and 81.1%).

DISCUSSION AND RECOMMENDATIONS
Following the statistical analysis for forms A, B, and

C, the percentage of questions per topic on forms D
and E and on the final form were comparable with the

278-JCR-JULY 20, 1989-VOLUME IX-NUMBER 7

percentages on the original test. Discrepancies be-
tween these percentages and those shown for the
proposed examination (Table I) were primarily in the
areas of “Keeping Airways Open” and “Exercise.”
These differences can be related to the overlapping of
topics in these two content areas. We found it difficult
to separate questions regarding breathing training
from some aspects of exercise. This could also explain
why exercise seems so heavily emphasized in reports
of amount of time spent on a topic (Table VI). Some
of what we called “Keeping Airways Open” may be
categorized by program directors as “Exercise.”
We started the study with 42 programs participat-
ing. The directors of each of these programs, con-
tacted by telephone and given a description of the
participation required, had agreed, after discussion
with their respective medical directors, that they
could perform what was required. However, we re-
ceived data from only 30 of the 42 programs in Phase
One. Response decreased to 27 programs in Phase
Two. Upon contact by telephone, some program di-
rectors said that they had insufficient patient num-
bers, or that their programs were changing. Change
of directors appeared to affect participation, with
new directors reporting that they received no instruc-
tion regarding the study. One third of the 27 partic-
ipating programs, however, experienced change of
directors and were still able to continue in the study.
This high turnover rate in program directors is some-
what distressing because it raises questions about the



continuity of the training received by chronic ob-
structive pulmonary disease (COPD) patients.

Table IV shows that over one half of the partici-
pants at 3-month follow-up. Program directors re-
ported that often this was due to the state of the par-
ticipants’ health. Since COPD is a progressive disease,
this progression or exacerbation of the disease could
have prevented the completion of the 3-month
follow-up. This loss of participants could have also
been caused by a lack of compliance, death of a par-
ticipant, or loss of contact.

The increased means between each of the test ad-
ministration times provides evidence of information
retention over time. The decrease in variability seen
in the standard deviation can be ascribed to the
learning and practice process.

Coefficient alpha data show that there is good in-
dication of consistency in the pretest and the final
form (>0.8). Coefficient alpha decreased in the post-
test and follow-up. However, one would expect it to
decrease (Table IV) with training given in pulmonary
rehabilitation programs. If training is successful,
there will be less variability among individuals in a
trained group and, hence, it will be more difficult to
distinguish among them. It is encouraging that coef-
ficient alpha for the final form was as high as it was
in testing a trained group (0.86). The data do show
that the test distinguishes between people with high
knowledge levels and people with low knowledge
levels.

The program directors’ descriptions of their pro-
grams (Table V1) indicate there is a wide variability
between the minimum and maximum number of
hours used for teaching/training. With both the mean
and the median in the 30 to 35 hour range, the ques-
tion arises: Why do some program directors spend up
to three times that many hours? Program length and
its relation to effectiveness should be examined in fu-
ture research.

Benefits of knowledge testing in a pulmonary
rehabilitation program include immediate feedback
and correction of misperceptions. If a participant
provides a wrong answer at posttest, the topic can be
discussed and the correct answer reinforced. In pro-
grams where participants are taught by several team
members, some content areas may fall between the
cracks. This would be demonstrated by knowledge
deficits on the part of the participants. Such deficits
could be remedied before the program’s end.

There are also drawbacks to knowledge testing.
Some people take tests well or memorize information
easily, but are unable to put their knowledge to use.
Other participants resist taking knowledge tests be-
cause they are sensitive to their inability to read well.
Some programs include several kinds of written tests;

additional tests may be too tiring for some persons.

This knowledge test is limited by the number of test
items included. Our experience indicates that pul-
monary rehabilitation program participants balk at a
test that takes more than 30 minutes to complete.
Program directors reported that the 85-item test ver-
sion used in Phase Two took 20 to 25 minutes to com-
plete. Hence, we felt that 40 questions was the max-
imum nuinber that could be placed on the final ver-
sion of the knowledge test.

Because of the variability of programs throughout
the country, this test may not meet the needs of all
programs. However, program directors who want to
use the test may select those categories of questions
that fit their programs. This would limit comparison
between programs for research purposes, but would
still provide an evaluative tool for individual pro-
grams.

We recognize that knowledge change may not be
translated into behavior change, but knowledge can
be the basis upon which behavior change is built.
Thus, we see an instrument to measure knowledge as
only one of the tools for evaluating pulmonary reha-
bilitation programs. A second, more important tool,
would measured behavior change. Our future re-
search will pursue that goal.

Copies of the test, copyrighted by Loma Linda University,
may be secured from the Department of Respiratory Ther-
apy, School of Allied Health Professions, Loma Linda
University, Loma Linda, CA 92350. (714) 824-4932.
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Erratum
In the April 20, 1989 issue for the article by Keyser, et al. (J Cardiopulmonary Rehabil 1989;9:145-154),
the following correction should be noted: in Table VI, Peak SV and SV at Peak Work Rate, under the col-
umn heading 30 rpm Arm-Cranking Speed, Peak SV(ml) should read 128 (+40).
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