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Abstract: The Screener and Opioid Assessment for Patients with Pain – Revised (SOAPP-R) is a 24-item self-report questionnaire that
assesses risk of aberrant medication-related behavior among chronic pain patients. Recently, an 8-item version of the SOAPP-R that weights
items differentially was proposed. However, no previous study had compared the 8-item form with other short versions of the SOAPP-R,
including a static 12-item short form and computer-based versions customizing the test length to the individual respondent. Moreover, no
prior research had investigated combining the 8-item short form with customized computer-based stopping rules to further enhance
efficiency. The objectives of this study were to compare the 8-item version with previously recommended short forms of the SOAPP-R, and to
develop and evaluate a new version of the SOAPP-R combining the 8-item version with computer-based stopping rules. Versions were
compared via sensitivity, specificity, and mean test length using real-data simulation of three datasets. Although results varied across
datasets, the 8-item SOAPP-R compared favorably to previously recommended forms. Combining the 8-item form with computer-based
stopping rules reduced the mean test length without affecting sensitivity or specificity; thus, the combined approach is recommended. The
methodology used to shorten questionnaires via computer-based testing can also be applied to other instruments.
Keywords: Screener and Opioid Assessment for Patients with Pain – Revised (SOAPP-R), opioid misuse, short form, respondent and
administrative burden, computer-based testing

It is estimated that 126.1 million adults in the United States
experienced pain in the prior three months and that 25.3
million experience chronic pain (Nahin, 2015). Opioids
are frequently prescribed to treat pain, but their use is
sometimes problematic given the current overdose and
abuse epidemic in the United States (Rudd, Seth, David,
& Scholl, 2016). Prescribers of opioids are becoming more
judicious with their use; while overdose deaths are rising
because of illicit use of heroin and fentanyl, there has been
a decrease in overdose deaths caused by prescription opioids over the past several years (Hedegaard, Warner, &
Minino, 2017). The annual per capita morphine milligram
equivalents (MME) prescribed decreased by 18% in 2015

compared with the peak in 2010 (Guy et al., 2017). Still,
in 2015 the per capita MME prescribed was 640 mg, which
is three times as high as the amount in 1999 (Guy et al.,
2017). In 2014, nearly 2 million Americans either abused
or were dependent on prescription opioids (Center for
Behavioral Health Statistics and Quality, 2016).
Safe use of prescription opioids is guided by several principles as delineated in the CDC Guideline for Prescribing
Opioids for Chronic Pain, such as the need to first use
non-opioid therapy for the treatment of pain and to use caution when prescribing extended-release and long-acting
opioids and avoiding high MME daily doses (Dowell,
Haegerich, & Chou, 2016). Other tools clinicians can use
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to ensure safe use of opioids are screening instruments.
One commonly used example is the Screener and Opioid
Assessment for Patients with Pain – Revised (SOAPP-R;
Butler, Fernandez, Benoit, Budman, & Jamison, 2008).
The SOAPP-R is a 24-question tool designed to detect
high-risk patients who are being evaluated for opioid therapy. The SOAPP-R was prospectively derived and validated,
and has been demonstrated to provide excellent discrimination between high and low risk patients (Butler, Budman,
Fernandez, Fanciullo, & Jamison, 2009; Passik, Narayana,
& Yang, 2014). A high SOAPP-R score ( 18 points) also
correlates with increased likelihood of drug abuse (Chou
et al., 2009) and, in emergency department patients, a high
SOAPP-R score is associated with using multiple providers
for controlled substance prescriptions (Weiner, Horton,
Green, & Butler, 2016). In its original validation study,
the SOAPP-R exhibited a sensitivity of 81% and a specificity
of 68% for detecting aberrant medication-related behavior
(Butler et al., 2008); in its cross-validation study, it had a
sensitivity of 80% and a specificity of 52% (Butler et al.,
2009).
In general, practitioners considering whether to use a
given screener may take into account not only the screener’s psychometric properties (e.g., sensitivity and specificity), but also the respondent and administrative burden
that the screener may produce. Respondent burden refers
to the demands that the screener places on the individuals
taking it (such as time and effort), while administrative burden refers to the demands placed on those who provide and
oversee it (Lohr, 2002). Respondent and administrative
burden have been identified by the Scientific Advisory
Committee of the Medical Outcomes Trust as one of eight
key attributes of health instruments (Lohr, 2002). At 24
items, the SOAPP-R is not unduly onerous for many individuals; however, given that the screener was developed
for individuals with chronic pain (Butler et al., 2008,
2009), and respondent burden may be substantially greater
for those with physical illness (Carpenter et al., 1998),
shortened versions of the instrument may be of use for certain patients. Moreover, given the limited time of providers,
and the consequent need for efficiency in health care (Dugdale, Epstein, & Pantilat, 1999), the cumulative time saved
by administering a shorter version to multiple patients may
amount to a significant decrement in administrative
burden.
In light of the value of reducing respondent and administrative burden, a considerable amount of research has
been devoted to short forms of the SOAPP-R. Finkelman,
Smits, et al. (2017) developed a 12-item form of the screener
and provided initial evidence of its potential to achieve sensitivity and specificity similar to those of the full-length
SOAPP-R. Another approach that has been studied (Finkelman et al., 2015) is to administer a version of the SOAPP-R

by computer, use an internal algorithm to keep track of the
respondent’s cumulative score in real time as he/she provides answers to the items, and cease testing early if specified by carefully developed stopping rules. The stopping
rules that will be investigated in the current research are
curtailment and stochastic curtailment, which will be
explained thoroughly in the Materials and Methods section.
Curtailment and stochastic curtailment can be applied to
both the full-length SOAPP-R and the 12-item short form
in order to reduce respondent and administrative burden
(Finkelman et al., 2018).
The aforementioned versions of the SOAPP-R assume
that the screener’s items are given equal weight in the scoring process (in particular, that item scores are summed to
produce a total score). On the other hand, Black, McCaffrey, Villapiano, Jamison, and Butler (2018) recently developed an 8-item short form of the instrument in which the
items are given different scoring weights based on the
results of a logistic regression model. The authors noted
that although their form could be administered via either
computer or paper-and-pencil, its scoring would necessitate
the use of a computer.
Given the body of work that has been conducted to
develop and validate SOAPP-R short forms, a recommendation on which version to use in practice would be valuable. However, no prior study has compared the methods
in which items are weighted equally with the 8-item
SOAPP-R weighting items unequally. Additionally, no prior
study has considered combining curtailment or stochastic
curtailment with the 8-item version (i.e., applying curtailment or stochastic curtailment to the 8-item form to
shorten it further). Such a combined approach would be
natural, given that the 8-item version can be administered
via computer (and must be scored by computer), and curtailment and stochastic curtailment are methodologies that
are facilitated by computer-based testing. The objective of
the current study was to fill these gaps by (i) developing
stopping procedures that combine curtailment or stochastic
curtailment with the 8-item SOAPP-R and (ii) comparing
the different short forms of the SOAPP-R with one another
as well as with the full-length version. As will be seen, comparison of the different forms involved the assessment of
their respective predictive power with regard to manifest
(external) measures of aberrant medication-related behavior, as opposed to an approach involving the measurement
of one or more latent variables irrespective of predictive
power. Hence, the research was not geared toward examining computerized adaptive testing based on item response
models involving latent variables, which have been shown
to be suboptimal for prediction (Smits, van der Ark, &
Conijn, 2018), nor was it geared toward statistics such as
reliability or the standard error of measurement. Rather,
we have focused on the procedures’ relative abilities to
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The full-length SOAPP-R is composed of 24 items (Table 1).
Each item is scored on a scale from 0 to 4, with a response
of “0 = never,” “1 = seldom,” “2 = sometimes,” “3 = often,”
and “4 = very often”. As an individual’s total score on the
full-length SOAPP-R is computed by adding his/her item
scores, the total score can range from 0 to 96. If the total
score is greater than or equal to the cut-off point, a “high
risk” classification is obtained; otherwise, a “low risk” classification is obtained. A cut-off point of 18 has been recommended based on previous research (Butler et al., 2008,
2009).
Table 1 shows the items comprising the 12-item short
form of the SOAPP-R. This short form was developed via
a combination of statistical modeling and content evaluation. Specifically, a least absolute shrinkage and selection
operator (lasso) logistic regression model was employed
to select items predictive of a measure of aberrant medication-related behaviors, the Aberrant Drug Behavior Index
(ADBI). The short form (whose items are summed to produce a total score, which is then compared to a cut-off
point) was found to demonstrate adequate sensitivity and
specificity as well as adequate content (Finkelman, Smits,
et al., 2017). A cut-off point of 9 has been recommended
(Finkelman, Jamison, et al., 2017).
As mentioned in the Introduction, another approach to
shorten the SOAPP-R is to take advantage of technological
advances that allow a respondent’s answers to be tracked in
real time, and the questionnaire’s administration to be
adapted accordingly depending on the answers provided.
In particular, when the questionnaire is given via computer,
it can be stopped judiciously when an algorithm calculating
the respondent’s cumulative score “on the fly” determines
that further items are not needed. For example, suppose
that the full-length SOAPP-R is administered alongside a

cut-off point of 18. If a given respondent’s cumulative score
reaches 18 (or above) after the tenth item, then it has
become certain that his/her classification will be “high
risk,” irrespective of his/her answers to the remaining
items. Therefore, the screener can be terminated after ten
items, and a “high risk” classification can be given immediately, thus reducing the test length from 24 to 10 items for
that respondent. Additionally, if a second respondent’s
cumulative score is 13 after the presentation of 23 items,
then his/her total score cannot reach the cut-off point, irrespective of his/her answer to the twenty-fourth item (bearing in mind that only one item remains, and the maximum
possible score for that item is 4). Therefore, the screener
can be terminated prior to the presentation of the twentyfourth item, and a “low risk” classification can be given.
The above rule for stopping (in which testing is halted once
a “high risk” or “low risk” result has become deterministic)
is known as curtailment in the statistical and psychometric
literature (de Beurs, Fokkema, & O’Connor, 2016). A similar – but more aggressive – stopping rule is known as
stochastic curtailment (Fokkema, Smits, Finkelman, Kelderman, & Cuijpers, 2014), in which the respondent’s questionnaire is halted once the probability of a “high risk” or
“low risk” result reaches or exceeds a certain threshold.
For instance, suppose that this threshold has been set at
99%. Suppose further that the respondent’s probability of
a “high risk” result is between 1% and 99% after each of
the first six items, but goes above 99% (or below 1%) after
the seventh item. In this case, stochastic curtailment halts
the screener after seven items; a “high risk” classification
is made if stopping occurred alongside a probability above
99%, and a “low risk” classification is made if stopping
occurred alongside a probability below 1%. The probability
of a “high risk” classification can be estimated after each
stage of testing (i.e., after each item is presented) based
on a logistic regression model (see Finkelman, Smits,
Kim, and Riley (2012) for details). Both curtailment and
stochastic curtailment have been found to substantially
reduce the average test length of the full-length SOAPP-R
and the 12-item SOAPP-R without unduly compromising
sensitivity or specificity (Finkelman et al., 2018).
Finally, the items comprising the 8-item SOAPP-R are
shown in Table 1. Like the 12-item form, the 8-item
SOAPP-R was developed with both statistical and content
characteristics in mind. Specifically, items that were predictive of the ADBI were chosen based on the lasso selection
method and the leave-one-out cross-validation (LOOCV)
method of the GLMSELECT procedure of SAS 9.4. The
eight items that were selected for inclusion can be used
in tandem (with the items receiving different weights based
on the parameters of the logistic regression model) to
estimate a given respondent’s probability of misuse. The
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A retrospective analysis of three datasets was conducted.
The Tufts Health Sciences Institutional Review Board
granted non-human participants or exempt status for each
of the analyses.

The SOAPP-R and Its Variants
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Table 1. Items included in the full-length SOAPP-R, the 8-item SOAPP-R, and the 12-item SOAPP-R
Item (“How often. . .”)

Inclusion in 8-Item
Short Form

Inclusion in 12-Item
Short Form

1. Have mood swings
2. Felt a need for higher doses of medication to treat your pain

X

3. Felt impatient with your doctors

X

4. Felt that things are just too overwhelming that you can’t handle them

X

X

5. Tension in the home

X

X

6. Counted pain pills to see how many are remaining
7. Been concerned that people will judge you for taking pain medication

X

8. Feel bored

This document is copyrighted by the American Psychological Association or one of its allied publishers.
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9. Taken more pain medication than you were supposed to

X

X

X

X

X

X

10. Worried about being left alone
11. Felt a craving for medication
12. Others expressed concern over your use of medication
13. Any of your close friends had a problem with alcohol or drugs
14. Others told you that you had a bad temper
15. Felt consumed by the need to get pain medication
16. Run out of pain medication early
17. Others kept you from getting what you deserve
18. Had legal problems or been arrested (in your lifetime)

X

19. Attended an AA or NA meeting

X

X

X

X

20. Been in an argument that was so out of control that someone got hurt
21. Been sexually abused
22. Others suggested that you have a drug or alcohol problem

X

23. Had to borrow pain medications from your family or friends
24. Been treated for an alcohol or drug problem

content of the eight items was judged to be adequate by a
set of experts (Black et al., 2018).

Curtailment and Stochastic Curtailment
of the 8-Item SOAPP-R

X

the estimated probability of misuse is given by the following
equation:



^ 4 x4 þ β
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21
^þβ
exp α
^p ¼

:
^ 4 x4 þ β
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21
^þβ
1 þ exp α
ð1Þ

As noted above, no prior research has investigated the
combination of curtailment or stochastic curtailment with
the 8-item SOAPP-R. Such a combination could potentially
provide reduced test length (and thereby reduced respondent and administrative burden) without unduly affecting
sensitivity and specificity. As Black et al. (2018) have stated
that the scoring of the 8-item SOAPP-R necessitates the use
of a computer, the combined approach would take full
advantage of the benefits of computer-based testing
(judicious stopping to enhance efficiency, reduced time
required of staff, and automated and error-free scoring;
Weiner, Horton, Green, & Butler, 2015).
In order to examine how curtailment and stochastic curtailment could be applied to the 8-item SOAPP-R, it is first
necessary to understand the logistic regression model that
is used alongside the screener to estimate a given respondent’s probability of misuse. Specifically, in this model,

In this equation, ^p represents the respondent’s estimated
probability of misuse. The x terms represent the respondent’s item scores: x4 denotes the score for item 4 of the
full-length SOAPP-R, x5 denotes the score for item 5, and
so forth (note that the 8-item SOAPP-R is comprised of
items 4, 5, 7, 9, 12, 16, 19, and 21 of the full-length
^ denotes the intercept of the logistic regression
SOAPP-R). α
^ terms represent the slopes of the model: β
^4
model. The β
^
denotes the slope for item 4, β5 denotes the slope for item
5, and so forth. These slopes allow the eight items to be
weighted differently in order to optimize the prediction of
^ values that
^ value and β
misuse. The specific numerical α
were found empirically by Black et al. (2018) to produce
the best prediction of misuse are proprietary; therefore,
they are not presented here. The ellipsis seen in both the
numerator and denominator of Equation 1 indicates that
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^ and x terms for items 9, 12, 16, and 19 are not
while β
explicitly shown in this equation (due to space considerations), these terms are present in the model. Finally, the
exp( ) function of Equation 1 refers to the exponential
function.
Once the estimated probability has been obtained for the
respondent via the above formula, this probability can be
used to produce a “high risk” or “low risk” classification.
In particular, a cut-off point p* is specified along the probability scale; a “high risk” classification is given if the
respondent’s estimated probability meets or exceeds this
cut-off point (^p  p*), and a “low risk” classification is given
otherwise (^p < p*). Black et al. (2018) found empirically that
the use of the eight selected items in their logistic regression model, along with a cut-off point of 0.2979 on the
probability scale (or 29.79% when written as a percentage),
produced adequate sensitivity and specificity.
Equation 1 can be written in the following alternate way
that is often more convenient for mathematical purposes:




^p
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 :
^ 4 x4 þ β
^þβ
log
¼α
1^
p
ð2Þ
Here, log{ } refers to the natural logarithm function. All
other terms of Equation 2 have the same meaning as in
Equation 1.
Equation 2 is more convenient than Equation 1 in the
sense that the right-hand side of Equation 2 is written as
a simple summation of terms (without the exponential
function). Moreover, the classification decision can also
be written in an alternate way; specifically, the criterion that
^p  p* in order for a “high risk” classification to be made is
mathematically equivalent to the following rule: give a
“high risk” classification if



log

p
1  p



^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 ;
^ 4 x4 þ β
^þβ
α
ð3Þ

and give a “low risk” classification if



p
log
1  p



^ 4 x4 þ β
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 :
^þβ
>α
ð4Þ

The rule presented in Inequalities 3 and 4 always produces
the same classification (“high risk” or “low risk”) as a rule
prescribing that a “high risk” classification be given if and
only if ^p  p*. Note that if a cut-off of 0.2979 is used, then
Inequalities 3 and 4 can be written as follows: give a “high
risk” classification if

^ 4 x4 þ β
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 ; ð5Þ
^þβ
0:8573  α
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and give a “low risk” classification if

^ 4 x4 þ β
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 ; ð6Þ
^þβ
0:8573 > α
 0:2979
¼ 0:8573:
considering that log 10:2979
To explain how curtailment and stochastic curtailment
can be applied to the 8-item SOAPP-R, we focus attention
on Inequalities 5 and 6. Starting with curtailment, this
method stops testing once the classification of the screener
in question (here, the 8-item SOAPP-R) is known with certainty. Therefore, if during the administration it becomes
^ 4 x4 þ
^þβ
certain that Inequality 5 will hold (i.e., that α
^ 5 x5 þ β
^ 7 x7 þ . . . þ β
^21 x21 will meet or exceed 0.8573 for
β
the respondent being tested), then testing is halted in favor
of a “high risk” classification. For example, if the respondent’s answers to the first four items of the 8-item
SOAPP-R (items 4, 5, 7, and 9 of the SOAPP-R) are so
^4 x4 þ β
^5 x5 þ β
^7 x7 þ . . . þ
^þβ
indicative of high risk that α
^
β21 x21 will necessarily meet or exceed 0.8573 for the
respondent (irrespective of his/her answers to the final four
items: items 12, 16, 19, and 21), then these final four items
are skipped and a “high risk” classification is immediately
given. Additionally, if during the administration it becomes
^ 4 x4 þ
^þβ
certain that Inequality 6 will hold (i.e., that α
^
^
^
β5 x5 þ β7 x7 þ . . . þ β21 x21 will not reach -0.8573 for the
respondent being tested), then testing is halted in favor of
a “low risk” classification. For example, if the respondent’s
answers to the first five items of the 8-item SOAPP-R are so
^5 x5 þ β
^7 x7 þ . . . þ
^4 x4 þ β
^þβ
indicative of low risk that α
^21 x21 cannot possibly be greater than 0.8573 for the
β
respondent (irrespective of his/her answers to the final
three items: items 16, 19, and 21), then these final three
items are skipped and a “low risk” classification is immediately given.
Turning to stochastic curtailment of the 8-item SOAPP-R,
this method stops whenever the curtailment procedure
described above does. In addition, it stops if either (i) the
probability that the 8-item SOAPP-R will produce a “high
risk” result goes above a pre-specified threshold (e.g., 95%
or 99%), or (ii) the probability that the 8-item SOAPP-R will
produce a “low risk” result goes above this threshold. These
probabilities are estimated based on logistic regression modeling, using data from individuals who have answered all
items on the 8-item SOAPP-R. A separate model is used at
each stage of testing (i.e., there is a logistic regression model
that is used to estimate the probabilities in question after the
first item is administered, a different logistic regression
model that is used after the second item is administered,
and so forth). The dependent variable in each model is the
result of the 8-item SOAPP-R (“high risk” or “low risk”).
The independent variable in a given model is the weighted
sum of items that have been administered up to that stage of
testing. For example, at the third stage of testing (after the
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third item on the 8-item SOAPP-R has been administered),
the independent variable in the logistic regression model is
the weighted sum of items that have been administered to
^4 x4 þ β
^5 x5 þ β
^7 x7 (noting that the first
that point in the test: β
three items on the 8-item SOAPP-R are item 4, item 5, and
item 7). At the fourth stage of testing, the independent vari^4 x4 þ β
^5 x5 þ β
^ 7 x7 þ β
^9 x9 (noting that the fourth item
able is β
on the 8-item SOAPP-R is item 9); at the fifth stage of test^ 4 x4 þ β
^ 5 x5 þ β
^7 x7 þ β
^9 x9 þ
ing, the independent variable is β
^
β12 x12 (noting that the fifth item on the 8-item SOAPP-R is
item 12); and so forth. See Finkelman et al. (2012) for conceptual details about the use of logistic regression to estimate the probabilities that are employed in stochastic
curtailment. Note that the logistic regression models
described in this section are distinct from the model developed by Black et al. (2018) to estimate a respondent’s probability of misuse based on his/her responses to the items on
the 8-item SOAPP-R.

Participants
Participant-level information came from three different
data sources, which will be referred to as “Dataset 1,”
“Dataset 2,” and “Dataset 3.”
Dataset 1
Participant-level data (n = 428) came from the SOAPP-R’s
initial validation study (Butler et al., 2008) and crossvalidation study (Butler et al., 2009). Each participant
had been a chronic noncancer pain patient from a pain
clinic in Indiana, Massachusetts, New Hampshire, Ohio,
or Pennsylvania and had taken the full-length SOAPP-R
via paper and pencil. Additionally, each participant had
been followed up with five months later to assess aberrant
medication-related behavior based on the Aberrant Drug
Behavior Index (ADBI), which triangulates information
from three sources. These sources are (i) the Prescription
Drug Use Questionnaire (PDUQ; Compton, Darakjian, &
Miotto, 1998), which is a 42-item self-report instrument
with a cut-off of  11; (ii) the Prescription Opioid Therapy
Questionnaire (POTQ; Michna et al., 2004), which is an
11-item physician-report instrument with a cut-off of  2;
and (iii) a urine toxicology screen. The overall result of
the ADBI is considered to be positive if the PDUQ is positive, or if both the POTQ and the urine toxicology screen
are positive. Further details are provided in previous work
(Butler et al., 2008, 2009).

Compliance Checklist [OCC]; Jamison et al., 2014). Each
participant had been prescribed long-term opioid therapy
and had taken measures including the full-length SOAPPR via paper-and-pencil. The external measure of aberrant
medication-related behavior was based on four sources:
(i) the PDUQ; (ii) the Current Opioid Misuse Measure
(COMM), a self-report questionnaire with a cut-off of  9
(Butler et al., 2007); (iii) the Addiction Behaviors Checklist
(ABC), a physician-report assessment with a cut-off of  2
(Wu et al., 2006); and (iv) a urine toxicology screen. The
overall result of the external measure was considered to
be positive if the urine toxicology screen was positive, or
if at least two of the other three measures were positive.
See Jamison et al. (2014) for additional details.
Dataset 3
Participant-level data (n = 110) came from a study (Jamison,
Scanlan, Matthews, Jurcik, & Ross, 2016) that had investigated the effect of risk assessment and a structured opioid
therapy protocol of compliance checklists and monthly
monitoring on the confidence of primary care physicians
in the management of chronic noncancer pain patients.
Each participant who participated had been prescribed or
was eligible for opioid medication and had completed measures including the full-length paper-and-pencil version of
the SOAPP-R. After six months, participants were assessed
using the COMM; the results of this measure were triangulated with results of the ABC and urine toxicology. Specifically, the external measure of aberrant medication-related
behavior was defined to be positive if the urine toxicology
results were positive or if the COMM and ABC results were
both positive. See Jamison et al. (2016) for further details.

Data Analysis

Dataset 2
This dataset included information from chronic noncancer
pain patients (n = 84) who had been recruited from a
hospital-based pain management center for a study to
develop and validate a compliance checklist (the Opioid

Each dataset was analyzed using real-data simulation (also
called post hoc simulation). This procedure entailed determining how many items would have been administered to
each participant in the dataset, if a given stopping procedure had been used. The screening classification (“high
risk” or “low risk”) that would have resulted from the given
stopping procedure was also obtained for each participant.
Then, statistics of interest (mean and standard deviation
of test length, as well as sensitivity and specificity) were
determined for the stopping procedure. This process was
repeated for each stopping procedure.
Attention focused on comparing different versions of the
8-item SOAPP-R (the screener in its full-length form, with
curtailment, and with stochastic curtailment) with one
another and with other versions of the SOAPP-R. Indeed,
the other versions of the SOAPP-R examined herein had
been investigated previously using the three datasets of
this study (Finkelman et al., 2018). However, their
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point of  18 for the full-length SOAPP-R had been suggested by Butler et al. (2008, 2009); the cut-off point of
 9 for the 12-item short form had been suggested by
Finkelman, Jamison, et al. (2017); and the cut-off point of
0.2979 on the probability scale for the 8-item SOAPP-R
had been suggested by Black et al. (2018).

performance in comparison to versions of the 8-item
SOAPP-R had been an open question.
Given that the 8-item SOAPP-R uses different scoring
weights for different items, a natural question was whether
the items could be placed in an optimal ordering to maximize the screener’s efficiency when utilized alongside curtailment or stochastic curtailment. That is, it was desired to
ascertain whether by judiciously ordering the items based
on their scoring weights, the mean test lengths of
the curtailed and stochastically curtailed versions of the
8-item SOAPP-R could be minimized. Previous research
(Finkelman, Kim, He, & Lai, 2013) suggested that when
logistic regression is used, greater efficiency is achieved
^ values (from
when the items are placed in order of their β
highest to lowest). Therefore, curtailment and stochastic
curtailment of the 8-item SOAPP-R were applied in two
ways: first, assuming that items would be administered in
their standard order (4, 5, 7, 9, 12, 16, 19, and 21), and second, assuming that items would be administered in
^ values from the logistic regresdescending order of their β
sion model predicting aberrant medication-related behavior
from the items in the 8-item form.
As described in the Materials and Methods section,
stochastic curtailment requires that logistic regression modeling be conducted at each stage of testing to obtain the
estimated probability of a “high risk” result (such modeling
is distinct from the logistic regression model alluded to in
the previous paragraph, which predicts aberrant medication-related behavior from items in the 8-item form). The
former logistic regression modeling required by stochastic
curtailment was performed using Dataset 1 because this
dataset was based on the SOAPP-R’s validation study
(Butler et al., 2008) and cross-validation study (Butler
et al., 2009), and because it had the greatest sample size.
The results were used to derive the stopping rules of
stochastic curtailment, that is, the specific rules determining when this procedure stops early in favor of a “high risk”
or “low risk” result. Two versions of stopping curtailment
were examined: a conservative version that stopped early
only if the probability of a “high risk” or “low risk” result
reached or exceeded a threshold of 99%, and a more liberal
version that stopped early using a lower threshold of 95%.
These two versions will be referred to as SC-99 and SC-95,
respectively. Results were obtained using R (Version 3.3.1)
software (R Core Team, 2013).
Each version of the SOAPP-R was implemented alongside its standard cut-off point. In particular, a cut-off point
of  18 was utilized for the full-length SOAPP-R, and a cutoff point of  9 was utilized for the 12-item short form. For
the 8-item SOAPP-R, a cut-off point of 0.2979 on the probability scale was used. Each of these cut-off points had been
recommended in previous empirical research based on
their combination of sensitivity and specificity. The cut-off

Among participants with information on age, the M ± SD
age in years was 51.4 ± 13.0 for Dataset 1 (n = 425),
49.9 ± 8.8 for Dataset 2 (n = 84), and 53.4 ± 9.5 for Dataset
3 (n = 109). Among participants with information on gender, 183 of 426 (43.0%) in Dataset 1 were male, as opposed
to 45 of 84 (53.6%) in Dataset 2 and 41 of 110 (37.3%) in
Dataset 3. One hundred forty-five of the 428 participants
in Dataset 1 (33.9%) exhibited aberrant medication-related
behavior according to the external criterion used in that
dataset; the analogous results were 43 of 84 (51.2%) for
Dataset 2 and 40 of 110 (36.4%) for Dataset 3.
Table 2 displays screening characteristics (sensitivity and
specificity), as well as mean and standard deviation of test
length for each SOAPP-R version, separately for each dataset. Results of procedures studied previously with these
datasets are presented along with results of the 8-item
SOAPP-R, its curtailed version alongside each item ordering method, and its stochastically curtailed version alongside each item ordering method. Comparisons between
procedures are discussed below.
In Dataset 1, the sensitivity and specificity of the fulllength SOAPP-R were 0.79 and 0.59, respectively; the analogous values for the 12-item short form were 0.80 and
0.59, respectively. The 8-item SOAPP-R exhibited lower
sensitivity (0.72) and greater specificity (0.67) than both
the full-length SOAPP-R and the 12-item short form. Applying curtailment, SC-99, and SC-95 to the 8-item SOAPP-R
(using the standard item ordering) resulted in mean test
lengths of 6.8, 6.8, and 6.5 items, respectively, along with
an increase in specificity of 0.01 for SC-95 compared to
the 8-item SOAPP-R without any early stopping. When
ordering items by their logistic regression model coefficients, mean test lengths of the stopping rules were 6.2,
5.9, and 4.7 items, respectively, with an analogous decrease
in sensitivity of 0.01 and an increase in specificity of 0.02
for SC-95. The aforementioned mean test length of 4.7
items was the smallest mean test length of any version of
the SOAPP-R for Dataset 1.
Turning to Dataset 2, the respective sensitivity and specificity were 0.67 and 0.59 for the full-length SOAPP-R; 0.67
and 0.56 for the 12-item short form; and 0.70 and 0.54 for
the 8-item SOAPP-R. When applying the stopping rules to
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Table 2. Results of each version of the SOAPP-R, by dataset (n = 428 for Dataset 1, n = 84 for Dataset 2, n = 110 for Dataset 3)
Dataset

Max. Possible Number of Items

1

24

12
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8 (standard ordering)

8 (ordering by item coefficient)

2

24

12

8 (standard ordering)

8 (ordering by item coefficient)

3

24

12

8 (standard ordering)

8 (ordering by item coefficient)

Stopping Rule

Sensitivity

Specificity

M ± SD test length

Full-length

0.79

0.59

24.0 ± 0.0

Curtailment

0.79

0.59

16.9 ± 6.5

SC-99

0.79

0.59

13.6 ± 6.4

SC-95

0.78

0.58

10.4 ± 6.6

Full-length

0.80

0.59

12.0 ± 0.0

Curtailment

0.80

0.59

8.4 ± 3.5

SC-99

0.80

0.59

7.5 ± 3.2

SC-95

0.78

0.59

5.9 ± 3.3

Full-length

0.72

0.67

8.0 ± 0.0

Curtailment

0.72

0.67

6.8 ± 1.6

SC-99

0.72

0.67

6.8 ± 1.6

SC-95

0.72

0.68

6.5 ± 1.7

Full-length

0.72

0.67

8.0 ± 0.0

Curtailment

0.72

0.67

6.2 ± 1.9

SC-99

0.72

0.67

5.9 ± 1.9

SC-95

0.71

0.69

4.7 ± 2.0

Full-length

0.67

0.59

24.0 ± 0.0

Curtailment

0.67

0.59

16.8 ± 6.3

SC-99

0.67

0.59

13.1 ± 5.8

SC-95

0.65

0.56

9.6 ± 5.6

Full-length

0.67

0.56

12.0 ± 0.0

Curtailment

0.67

0.56

8.4 ± 3.3

SC-99

0.67

0.56

7.6 ± 3.2

SC-95

0.63

0.56

6.2 ± 3.4

Full-length

0.70

0.54

8.0 ± 0.0

Curtailment

0.70

0.54

6.6 ± 1.6

SC-99

0.70

0.54

6.6 ± 1.6

SC-95

0.67

0.56

6.3 ± 1.7

Full-length

0.70

0.54

8.0 ± 0.0

Curtailment

0.70

0.54

6.0 ± 2.2

SC-99

0.70

0.54

5.8 ± 2.4

SC-95

0.70

0.56

5.3 ± 2.4

Full-length

0.68

0.44

24.0 ± 0.0

Curtailment

0.68

0.44

15.9 ± 6.6

SC-99

0.68

0.44

12.8 ± 6.2

SC-95

0.68

0.47

8.8 ± 6.5

Full-length

0.68

0.46

12.0 ± 0.0

Curtailment

0.68

0.46

7.8 ± 3.6

SC-99

0.68

0.46

7.0 ± 3.1

SC-95

0.68

0.47

4.9 ± 3.1

Full-length

0.73

0.53

8.0 ± 0.0

Curtailment

0.73

0.53

6.7 ± 1.7

SC-99

0.73

0.53

6.7 ± 1.7

SC-95

0.70

0.53

6.3 ± 1.9

Full-length

0.73

0.53

8.0 ± 0.0

Curtailment

0.73

0.53

6.2 ± 1.9

SC-99

0.73

0.53

6.0 ± 2.2

SC-95

0.70

0.57

5.1 ± 2.1
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Previous research has been devoted to developing short
forms of the SOAPP-R in order to reduce respondent and
administrative burden (Black et al., 2018; Finkelman
et al., 2018). However, prior to the current study, no
research had compared the 8-item SOAPP-R to other short
versions of the SOAPP-R, such as the 12-item short form
and the curtailed and stochastically curtailed versions of
the full-length SOAPP-R and 12-item form. Furthermore,
no prior study had investigated the use of curtailment and
stochastic curtailment in combination with the 8-item
SOAPP-R. The purpose of the current research was to fill
these gaps by developing curtailed and stochastically curtailed versions of the 8-item SOAPP-R, then comparing
all of the different short versions to one another using three
separate datasets.
Results varied across the three datasets examined. When
using previously recommended cut-off points for all forms,
the 8-item SOAPP-R exhibited lower sensitivity and higher
specificity than the full-length SOAPP-R and the 12-item
short form in Dataset 1. In Dataset 2, however, this trend

reversed, albeit with smaller differences between the 8-item
SOAPP-R and the other forms. Finally, in Dataset 3, the
8-item SOAPP-R’s sensitivity and specificity were both
higher than the corresponding values of the other forms.
The finding that a short version of the instrument can exhibit greater sensitivity and specificity than its longer versions
is reflective of the fact that certain items on the SOAPP-R
(which exhibits multidimensionality; see Butler et al.,
2008) are more predictive of external criteria for aberrant
medication-related behavior than others (Black et al.,
2018; Finkelman, Smits, et al., 2017).
Turning to the comparison of the 8-item SOAPP-R with
its curtailed and stochastically curtailed versions, both curtailment and SC-99 always achieved the same sensitivity
and specificity as the version of the screener without any
early stopping. These two stopping rules produced small
but non-negligible benefits in efficiency, with SC-99 providing greater item savings. SC-95 produced a larger reduction
in mean test length, but also affected the sensitivity and
specificity of the screener (sometimes resulting in higher
values than the 8-item SOAPP-R without any early stopping, and sometimes resulting in lower values). Given
SC-95’s inconsistent effect on the questionnaire’s screening
characteristics, a more conservative procedure such as curtailment or SC-99 may be preferred.
In all cases, ordering the items by their logistic regression
coefficients provided a greater reduction in mean test
length than administering the items in their standard order.
For example, SC-99 of the 8-item SOAPP-R exhibited mean
test lengths between 6.6 and 6.8 items when the standard
ordering was used, as opposed to a range of 5.8–6.0 items
when placing the items in descending order of their coefficients. It should be noted that before any item ordering is
used in operational screening, it should be scrutinized by
content experts to ensure that the items “hang together”
in a sensible manner. Indeed, an item may be interpreted
in different ways depending on which items came before
it in a questionnaire; such “context effects” (Ortner,
2008) should be considered along with efficiency when
selecting an item ordering.
Ultimately, which version of the SOAPP-R to use operationally may depend on the technological constraints of the
individual or practice administering it. If computer-based
testing is not available, then the full-length screener or its
12-item short form is preferred. Indeed, while the 8-item
SOAPP-R could be administered to patients via paperand-pencil, its scoring requires a computer (Black et al.,
2018); any procedure involving curtailment or stochastic
curtailment requires a computer for both administration
and scoring. If computer-based testing (which has been
found to be feasible for the SOAPP-R; Weiner et al.,
2015) is available, then SC-99 of the 8-item SOAPP-R
may be recommended, given this procedure’s strong
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the 8-item SOAPP-R along with the standard item ordering,
mean test lengths were 6.6 for curtailment, 6.6 for SC-99,
and 6.3 for SC-95; the latter exhibited a decrease in sensitivity of 0.03 and an increase in specificity of 0.02 compared to the 8-item SOAPP-R without any early stopping.
When applying these stopping rules along with item ordering by logistic regression coefficient, mean test lengths were
6.0 for curtailment, 5.8 for SC-99, and 5.3 for SC-95; the
latter exhibited an analogous increase of 0.02 in specificity
and no change in sensitivity. The aforementioned 5.3 items
represented the smallest mean test length of any version of
the SOAPP-R for Dataset 2.
Finally, in Dataset 3, the respective sensitivity and specificity were 0.68 and 0.44 for the full-length SOAPP-R; 0.68
and 0.46 for the 12-item short form; and 0.73 and 0.53 for
the 8-item SOAPP-R. Using the standard item ordering and
applying the stopping rules to the 8-item SOAPP-R, mean
test lengths were 6.7 for curtailment, 6.7 for SC-99, and
6.3 for SC-95, with the latter resulting in a 0.03 decrease
in sensitivity as compared to the 8-item SOAPP-R without
any early stopping. When ordering items by their logistic
regression coefficients, mean test lengths were 6.2 for curtailment, 6.0 for SC-99, and 5.1 for SC-95, with the latter
resulting in an analogous 0.03 decrease in sensitivity and
a 0.04 increase in specificity. The mean test length of 5.1
items was the second-smallest mean test length of any version of the SOAPP-R for Dataset 3, following the 4.9 items
exhibited by SC-95 of the 12-item short form.

Discussion
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balance of screening characteristics and mean test length
observed herein. When items were ordered by their logistic
regression coefficients, SC-99 always reduced the mean
test length of the 8-item SOAPP-R by at least 2.0 items
(25% of the screener’s total test length) without affecting
sensitivity or specificity in any dataset. Even a modest
improvement in test efficiency arising from the use of SC99 may be welcomed in some contexts. At the same time,
the small absolute difference in mean test length between
the 8-item SOAPP-R itself and SC-99 of this form may
result in a choice by some practitioners to prefer the former,
as it is simpler to employ and generally results in only a
slight increase in the number of items administered compared to the latter. Similarly, while the 8-item form is substantially shorter than the 12-item form when considered on
a percentage basis (being one-third shorter), the absolute
difference of four items might not be considered substantial
enough to be a primary factor in form selection in some settings. Moreover, respondent burden may not always be an
issue when administering the longer version of a questionnaire. Indeed, participants might view a questionnaire as a
signal of interest in important elements of their lives, and
lengthy questionnaires have been used successfully especially in settings in which the participants are interested
in the content at hand (Sprangers & Schwartz, 2017). It is
for these reasons that we emphasize that the shorter versions of the SOAPP-R are not intended to replace the longer
versions for all participants and scenarios. Nevertheless,
they may be a useful “tool in the toolbox” in contexts in
which an abbreviated form is desired. Additionally, we note
that the four-item difference is not the only distinction
between the 8-item and 12-item forms. In particular, the
8-item SOAPP-R weights the items differentially in its scoring procedure in an effort to enhance its screening characteristics, whereas the 12-item SOAPP-R gives equal weight
to each item. The 8-item form may thus offer an advantage
in sensitivity and specificity in some settings, as was
observed in Dataset 3. All of these considerations factor
into our recommendation to use SC-99 of the 8-item
SOAPP-R when this procedure can be implemented via
computer-based testing and respondent and/or administrative burden is an important factor, with the caveat that
computer-based testing is not always available and that
practitioners’ decisions may also be influenced by other
context-specific factors.
A notable limitation of the study is that it was performed
retrospectively. In particular, the analysis of each dataset
utilized responses from participants who had taken the
full-length SOAPP-R. Results of each short form were
obtained post hoc by identifying the items of that short
form and analyzing them as if they had been presented consecutively. Such post hoc results might not be representative of respondents’ answers to items on a short form

when those items are administered prospectively in a single
unit (Ortner, 2008). A second limitation is that the external
criteria used to determine aberrant medication-related
behavior differed among datasets. Moreover, none of the
criteria could identify aberrant behavior with certainty.
However, Dataset 1’s criterion was the ADBI, which is a
well-studied measure that was used in both the SOAPPR’s initial validation study (Butler et al., 2008) and its
cross-validation study (Butler et al., 2009). The criteria of
Datasets 2 and 3 were similar to the ADBI in that they triangulated information from multiple sources. Third, the
sample sizes of Datasets 2 and 3 were lower than that of
Dataset 1. Therefore, the results using these datasets exhibited less precision than those using Dataset 1. However, it is
noteworthy that in all three datasets, SC-99 of the 8-item
SOAPP-R consistently had the same sensitivity and specificity as the version of this screener without any early stopping, while also exhibiting similar mean test lengths across
datasets. Lastly, we note that only in rare instances did a
procedure have a sensitivity of 0.80 (and in no instance
did a procedure have a specificity of 0.80 or above) in
the datasets examined herein, indicating that none of them
exhibited particularly strong discriminative ability.
As there are many competing interests for the time of
both patients and providers, any reduction of burden without compromising predictive characteristics will be advantageous. Furthermore, the utility of the methodologies
described herein may grow as the development of computer-based tools continues and patients become more
accepting of interacting with computers. Still, an important
next step will be to apply these new techniques prospectively in new patient populations and a variety of settings
to confirm their usability and validity.
In sum, the combination of SC-99 and the 8-item
SOAPP-R has potential to enhance efficiency when screening for aberrant medication-related behavior via computer.
Further prospective study should be conducted. The
methodology described herein may also be applied to other
questionnaires in an effort to lessen respondent and administrative burden without reducing sensitivity and specificity.
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