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Clinically significant change refers to meaningful change in individual patient functioning dur-
ing psychotherapy. Following the operational definition of clinically significant change offered
by Jacobson, Follette, and Revenstorf (1984), several alternatives have been proposed because
they were thought to be either more accurate or more sensitive 1o detecting meaningful change,
In this study, we compared five methods using a sample of 386 outpatients who underwent
treatment in routine clinical practice. Differences were found between methods, suggesting
that the statistical method used to calculate clinical significance has an effect on estimates of
meaningful change. The Jacobson method (Jacobson & Truax, 1991) provided a moderate esti-
mate of treatment effects and was recommended for use in outcome studies and research on
clinically significant change, but future research is needed to validate this statistical method.

Clinically significant change refers to changes in patient
functioning that are meaningful for individuals who undergo
psychosocial or medical interventions, This concept has con-
siderable value in research aimed at classifying each individ-
ual patient’s status with regard to normative functioning. In
this regard, it allows researchers to focus on the functioning
of each patient rather than on group averages and statistical
significance of between-group comparisons. Research using
operationalizations of clinical significance has been espe-
cially useful in estimating dose-response relationships (e.g.,
Anderson & Lambert, 2001) and in outcome management
systems that use it as a marker for recovery and deterioration
(Lambert et al., 2001). In addition, it has been used to esti-
mate the relative value of empirically supported therapies as
examined in clinical trials versus routine practice (Hansen,
Lambert. & Forman, 2002).

In all these uses, the degree of change in the individual is

of primary interest. Such a focus is not only thought to be of

scientific importance but it leads to narrowing the gap be-
tween clinical research and clinical practice. Thus, the con-
cept and its operationalization have generated considerable

interest.  Its  introduction by Jacobson, Follette, and
Revenstorf (1984) was regarded as an important advance in
methodology (Lambert, Shapiro, & Bergin, 1986), and it has
become an expected statistic in published outcome studies by
some journal editors. The topic of clinically significant
change has generated considerable attention in special jour-
nal sections devoted to the topic (e.g.. Jacobson, 1988; Kend-
all, 1999; Kendall, Marrs-Garcia, Nath, & Sheldrick, 1999;
Tingey, Lambert, Burlingame, & Hansen, 1996h),

The original proposal (Jacobson et al.. 1984) with minor
modifications (Jacobson & Truax, 1991) suggested a
two-step criterion for clinically significant change. First, a
cutoff point for a measure of psychological functioning is es-
tablished that is conceptualized as a cutoff between two pop-
ulations: a patient/dysfunctional  population, and a
nonpatient/functional population. To this end, Jacobson and
Truax identified three reasonable cutoffs for consideration.
The first. Cutoff A, was defined as the point 2 SDs beyond
the range of the pretherapy mean (Cutoff A = M jpica — 2
SD finicar)- Cutoff A has high sensitivity, that is, an outcome
score below this score is very unlikely to belong to the pa-
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tient population, although it is not possible to draw conclu-
sions about “recovery™ without information on a functional
comparison group. The second, Cutaff B, was defined as the
point 2 SDs within a recognized functional mean (Cutoff B =
M onctinical + 2 SDjonctinical) and should be calculated if only
nonpatient data are available. Cutoff B has high specificity.
It is not difficult for most clients 1o attain because most dys-
functional and functional distributions overlap. The third,
Cutoff C, was a weighted midpoint between the means of a
functional and dysfunctional population (Cutoff C = [(SD,,,.
jeal X Af’nnnc]inicul) d (SDnnaninimI x A”clinicnl’] / "ﬂ)ulil1iu':1l iy
SDyontinieat))-  When  both  patient/dysfunctional — and
nonpatient/functional data sets are available, and there is
overlap between the two distributions, C represents the best
choice for a cutoff point. Compared to A and B, it is the least
arbitrary score, as it is based on the relative probability of a
particular score ending up in one population as opposed to
another (Jacobson, Roberts, Berns, & McGlinchey, 1999). In
contrast, A and B would be chosen if not enough informa-
tion for the calculation of C is available. For example, if ade-
quate norms are lacking. A must be used because neither B
nor C can be calculated.

The second step of the Jacobson—Truax (JT: 1991) method
is to determine whether a client’s change from pretest to
posttest is reliable rather than simply an artifact of measure-
ment error. To assess this, Jacobson et al. (1984) proposed a
reliable change index (RCI) that each participant has to pass
to demonstrate that his or her change is not simply due to
chance. RCIs are derived from the psychometric qualities of
the outcome measure used to estimate change: The formula
divides the difference between pretreatment and
postireatment scores by a variation of the standard error of
measurement (Sg). In the discussion of how to calculate reli-
able change most accurately, a frequent topic concerns the
question of which reliability estimate should be used to cal-
culate the Sz Most studies use either test-retest coefficients
or internal consistency estimates. Martinovich, Saunders,
and Howard (1996) gave a detailed description of the advan-
tages and disadvantages of both alternatives. In the end, they
recommended. especially for clinical populations, the use of
a measure of internal consistency rather than test-retest reli-
ability. The problem with test-retest reliabilities is that in
clinical samples they are deflated by real individual differ-
ences in change, and there is no doubt that these changes oc-
cur even during very short periods of time and without the
patients being in therapy during that period (Howard.
Lueger, Maling, & Martinovich, 1993). Therefore, research-
ers often use test—retest reliability scores from nonpatient
samples. Agreeing with the explanations of Martinovich et
al. (1996), Tingey et al. (1996b) came to the conclusion that
the use of internal consistency would be the better way to cal-
culate rates of reliable change. This makes especially good
sense because outcome scales typically attempt to measure
characteristics that should change over time rather than per-
sonality traits that are, by definition, stable over time.

Based on the two criteria (cutoff and RCI), the IT method
classifies individuals as Recovered (i.e., passed both cutoff
and RCI criteria), Improved (i.e., passed RCI criterion but
not the cutoff), Unchanged (i.e.. passed neither criteria), or
Dereriorated (i.e.. passed RCI criterion but worsened).

Jacobson and colleagues (Jacobson et al., 1999) are aware
that several difficulties are related to the approach of ¢linical
significance. For instance, the cutoff point always depends
on the specific samples used ina particular study as long as
there are no carefully collected norms for both dysfunctional
and normal populations. Without normative information, one
cannot evaluate if the sample included in an actual study is
representative or not. Furthermore, without any norms for
normal populations, Cutoff C cannot be calculated. Instead.
one has to use Cutoff A, which results in varying estimates of
clinical significance because means and standard deviations
vary from study to study. In contrast, if distribution informa-
tion on both normative samples is available, and all partici-
pants score in the dysfunctional range at the beginning of
treatment, and the distributions do not overlap, it would be
senseless to use a cutoff score: In that case, a change from
dysfunctional to functional range would always be reliable
and never due to measurement error (Jacobson et al., 1999).

Another problem was addressed by Tingey. Lambert,
Burlingame, and Hansen (1996a). Tingey et al.’s main point
of eriticism is that Jacobson et al. (1984) did not provide an
operationalization of a comparative social standard. As a
consequence, it is not possible to identify and use relevant
normative samples across studies. Additionally, the social
valdation methodology is restricted by the use of only one
dysfunctional and one functional sample. Finally, no proce-
dure to determine the distinctness of samples is available.
Due to these limitations, Tingey et al. proposed interesting
extensions for assessing clinical significance, focusing on
the derivation of relevant social standards. Even if these sug-
gestions have been turther extended and their value has been
acknowledged (Martinovich et al., 1996), there have been
hardly any studies really using them.

The “traditional™ JT method for assessing clinically mean-
ingful change is among the most frequently reported by re-
searchers. In a review of outcome studies that reported
clinically significant change published in the Journal of Con-
sulting and Clinical Psychology, Ogles, Lunnen, and
Bonesteel (2001) noted that the clinical significance method
originally proposed by Jacobson et al. (1984) was used in
35% of studies that employed some form of clinical signifi-
cance calculation. No other method came close in terms of
frequency of use. Because of Jacobson and his colleagues’
(Jacobson et al., 1984) original suggestions, a general con-
sensus on a conceptual definition of clinical significance has
developed: The status of a patient is characterized as clini-
cally significantly changed when the client’s level of mea-
sured functioning is located in the nonfunctional range at the
beginning of treatment and in the functional range at the end
of treatment, if that change is statistically reliable. From a
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mathematical perspective, there are multiple ways to realize
this definition. In this article, we compare the JT statistical
approach 1o four alternative methods.

The JT method to calculate reliable changes has been
challenged by authors who believe that alternative methods
may be superior. As described previously. the RCI investi-
gates the statistical significance of differences between pre-
treatment and posttreatment scores for each individual
person. Criticism of the original RCI conceptualization was
formulated by Hsu (1989) and Speer (1992) and focused on
the phenomenon of regression toward the mean that was not
taken into consideration by Jacobson and colleagues (Jacob-
son et al, 1984). Hsu (1989) introduced the
Gulliksen—Lord-Novick (GLN) approach that includes the
assumption that posttest—pretest regression effects are rele-
vant to the interpretation of posttest scores. The same
limitation was noted by Speer (1992). Speer (1992) sug-
gested calculating confidence intervals around the pretreat-
ment scores (+ 2 SDs) and evaluate the posttreatment scores
in relation to this interval. This approach is known as the Ed-
wards—Nunnally (EN; Speer, 1992) method. The most recent
approach to assess clinical significance was presented by

Hageman and Arrindell (HA; 1999a). In contrast to all other

methods, Hageman and Arrindell (1999a) argued that the
rates of reliable or clinically significant change of a particu-
lar sample should not be calculated by summing up the re-
sults of the individual participants of that group. This would
result in an underestimation of the true rates of change. As a
consequence, Hageman and Arrindell (1999b) suggested dif-

terent analyses for the individual versus the group rates of

change. In addition. Hageman and Arrindell’s (1999h) met-
rics attempt to correct for regression to the mean in providing
a closer approximation of the underlying true scores. The
postulated enhancement in precision (Hageman & Arrindell,
1999b) was questioned by McGlinchey and Jacobson (1999)
who consider the HA approach as “too complex for its value,
which has yet to be demonstrated™ (p. 1216). Another aspect
is formulated by Speer (1992) who generally criticizes the
use of two-wave designs to assess change in psychotherapy
research. Speer (1992) recommended the use of growth
curve modeling (e.g., hierarchical linear modeling [HLM]:
Bryk & Raudenbush; 1992) for the study of change. Besides
the parameter estimation based on multiwave data, the ad-
vantages of HLM are the use of the empirical Bayes estima-
tion and the possibility of handling missing data (Bryk &
Raudenbush, 1992: Speer. 1992). Therefore. HLM is sup-
posed to caloulate clinically significant change more pre-
cisely than the other (two-wave) methods. Speer (1992)
argued that if using only pretreatment and postireatment

scores, one should concentrate on the comparability of

change rate data among different studies and therefore use
the traditional RCI instead of creating new methods.

In addition to theoretical articles on the acouracy of differ-
ent approaches. two research studies have been conducted to
evaluate the degree to which the various methods are redun-

dant or provide different estimates of clinically significant
change for the individual patient.

Speer and Greenbaum (1995) were the first to compare
Jacobson’s (Jacobson & Truax, 1991) method with other
approaches. Speer and Greenbaum compared the classifica-
tion of patients based on the RCI (but not the func-
tional/dysfunctional cutoff) of five methods within a
sample of 73 outpatients who were diagnosed with a range
of disorders and assessed with a self-report scale of
well-being. Speer and Greenbaum used the RCI of the orig-
inal Jacobson method as summarized by Jacobson and
Truax (1991). They chose RCIs from three alternative
methods: EN (Speer, 1992), Hsu-Linn—Lord (HLL: Speer
& Greenbaum, 1995). and the Nunnally—Kotsch (NK:
Nunnally & Kotsch. 1983). These methods, like the origi-
nal, classify individuals based on pretreatment and
posttreatment change scores. They differ from the JT
method in that they use residualized pretreatment (or differ-
ence) scores rather than raw change scores. This presum-
ably increases precision because of increased reliability
(e.g.. Rogosa, Brandt, & Zimowski, 1982). Speer and
Greenbaum also included in their comparison a method
based on HLM that has the presumed advantage of using
scores for each patient from more than just two time points.

Speer and Greenbaum (1995) found relauvely high rates
of agreement between methods (from 77.7% to 81.2%) with
the exception of the HLL method, which provided lower
rates of recovery and higher rates of deterioration. The HLM
method provided the highest improvement rates. Speer and
Greenbaum recommended this approach for routine use.

Following this study, McGlinchey. Atkins, and Jacobson
(2002) attempted a replication of Speer und Greenbaum
(1995) by comparing five methods of estimating clinical
significance. McGlinchey et al. included three methods
used by Speer and Greenbaum (JT, EN, HLM) and re-
placed the HLL method with the related GLN approach.
Additionally, McGlinchey et al. added a fifth approach,
HA, that was proposed by Hageman and Arrindell (1999b).
McGlinchey and Jacobson (1999), having previously com-
pared the HA procedures with the Jacobson procedures in
couple therapy. concluded that the methods were essen-
tially equivalent. Hageman and Arrindell (1999a), however,
criticized these findings and the way in which reliability es-
timates were selected.

McGlinchey et al. (2002) used outcome data from 128 pa-
tients diagnosed with major depressive disorder who partici-
pated in one of three cognitive behavioral therapy treatments
and whose progress was followed up to 2 years after treat-
ment. Because depressive symptoms were used to exclude
potential participants, only those with high depression as
measured by the Beck Depression Inventory (BDI; Beck et
al., 1961) were included in the study. This analysis used the
HA method in place of the NK method used by Speer and
Greenbaum (1995), This was done because both methods
take into account both pretest and posttest relinbilities in de-
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termining reliable change, and the HA method was the newer
approach. We followed the same procedure as McGlinchey
et al. by including the HA method and excluding the NK
method and by replacing the HLL with the GLN approach.

This study partially replicated the work of Speer and
Greenbaum (1995) and McGlinchey et al. (2002) by exam-
ining five methods of calculating clinically significant
change. It differs from both studies by using the Outcome
Questionnaire (0Q-45) as the measure of patient function-
ing. Like the Speer and Greenbaum analysis, this study was
based on a general outpatient sample with multiple diagno-
ses rather than a single disturbance (as was done by
McGlinchey et al., 2002) Like McGlinchey et al., clinically
significant change was examined rather than limiting the
analysis to estimating reliable change, as was done by
Speer and Greenbaum. We used a larger sample than either
of the previous studies, increasing the likelihood of finding
existing differences, but shared the goals of both studies by
attempting to examine differences in estimates of clinically
significant change that are a function of calculation meth-
ods for examining the consequences of using one method
instead of another.

METHOD
Participants

In this study. we used data from 386 clients who had sought
treatment at a university-based outpatient clinic. Clients
ranged in age from 8 to 54 years (M = 22.88, SD = 3.54)
and were 66% female, 86% White, 4.8% Latino/Latina, and
9.2% other or mixed ethnicity. Clients were diagnosed by
their treating clinician without the benefit of research-based
diagnostic evaluations. At intake, 74.6% of clients were di-
agnosed by their treating clinician with a Diagnostic and
Statistical Manual of Mental Disorders (4th ed.; American
Psychiatric Association, 1994) disorder, whereas 25.4%
had their diagnosis deferred and never had a formal diagno-
sis entered into the database. Those receiving a diagnosis
had a mood disorder (29.2%), adjustment disorder (12.4%).
anxiety disorder (10.1%), or eating disorder (7.0%).
Thirty-five percent of clients had a V-code diagnosis,
whereas the remainder (6.3%) received a variety of other
diagnoses. Ninety percent of clients had 10 or fewer ses-
sions, with a mean dosage of 8 sessions (range = 2 to 27).
The clients in this study started treatment less disturbed (M
= 68.35, SD = 22.34) than those in routine outpalient care
(M = 80.98, SD = 24.84) but had scores similar to those re-
ported in other university counseling centers (Lambert,
Hansen, et al.,, 1996).

Therapists were 48 university counseling center staff con-
sisting of 27 doctoral level psychologists and 21 doctoral
trainees, including interns. Therapists had a variety of treat-
ment orientations, most subscribing to an integration of two

or more systems. Licensed therapists did not use manually
guided treatments nor were their sessions recorded, They av-
eraged about 14 years of post-doctoral experience. Trainees
were supervised on a weekly basis. The most common orien-
tations  were  cognitive  behavioral  (50%)  and
psychodynamic/interpersonal (20%). Psychotherapy was of-
fered free to university student clients, with length of treat-
ment based largely on client needs and preferences.

Outcome Measure

Psychological dysfunction was assessed using the 0Q-45
(Lambert, Hansen, et al., 1996), which provided both the
measure of weekly change and the criterion measure for clas-
sification of patients into outcome groups (Recovered. Im-
proved, No Change, or Deteriorated). The OQ-45 was de-
signed to measure patient progress in therapy by repeated
administration during the course of treatment and at termina-
tion. In this study, it was administered to clients immediately
prior to their first appointment. Each week the clients had a
scheduled visit. they came 5 to 10 min early and completed
the questionnaire again. The OQ—45 provides a total score
based on all 45 items and three subscale scores: subjective
discomfort (intrapsychic functioning), interpersonal rela-
tionships. and social role performance. Only the OQ-45 total
score. which provides a global assessment of patient func-
tioning, was used in our study.

The OQ-45 has been reported to have adequate reliability
and validity across a number of settings, including both clini-
cal and normative populations. Research has indicated that
the OQ-45 is a psychometrically sound instrument with ade-
quate test—retest reliability at a 3-week interval (r = .84
Lambert, Burlingame, et al., 1996), and excellent internal
consistency (Cronbach’s ¢ = .93; Lambert, Hansen, et al.,
1996). The OQ—45 has also been demonstrated to have ac-
ceptable concurrent validity coefficients ranging from .55 to
88 (all significant at p < .01) with the Symptom Check-
list—90-Revised (Derogatis, 1977), BDI, Zung Self-Rating
Depression Scale (Zung. 1965), Taylor Manifest Anxiety
Scale (Taylor, 1953), State—Trait Anxiety Inventory
(Spielberger, 1983), Inventory of Interpersonal Problems
(Horowitz et al., 1988), and the Social Adjustment Scale
(Weissman & Bothwell, 1976). Furthermore, the OQ-45 has
been shown to be sensitive to change in patients over short
time periods while remaining stable in untreated individuals
(Vermeersch, Lambert, & Burlingame, 2000).

Using formulas developed by Jacobson and Truax (1991),
clinical and normative data for the OQ-45 were analyzed by
Lambert, Hansen, et al. (1996) to provide cutoff scores for
the RCI and movement from dysfunctional to functional sta-
tus. Patients who change in a positive or negative direction
by at least 14 points are regarded as having made reliable
change. This degree of change exceeds measurement error
based on the reliability of the OQ-45 and is one of the two
criteria posited by Jacobson and Truax as indicating clini-
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cally meaningful change. The cutoff on the OQ—45 for de-
marking the point at which a person’s score is more likely to
come from the dysfunctional population than a functional
population has been estimated to be 64. When a patient’s
score is 63 or lower, their functioning is considered more
similar to nonpatients than patients at that point in time.!
Passing this cutoff (from dysfunctional to functional) is the
second criterion posited by Jacobson and colleagues (Jacob-
son et al, 1991) as an indicator of clinically significant
change. Patients who show reliable change and pass the cut-
off are considered Recovered, whereas those who only show
reliable change are considered Improved. Support for the va-
lidity of the OQ-45"s reliable change and clinical signifi-
cance cutoff scores have been reported by Lunnen and Ogles
(1998) and Beckstead et al. (2003).

Procedure

0Q-45s from 386 clients who had pretherapy and
posttherapy scores plus at least one additional measurement
were used to compare five methods for estimating clinically
significant change: three approaches used by Speer and
Greenbaum (1995)—the JT and EN. and the HLM ap-
proach—as well as the GLN and the HA approach as used by
McGlinchey et al. (2002). Computational formulae and de-
tails for each method are described in the Appendix. To give a
clearer picture of the single methods and to illustrate the cal-
culation procedures, the Appendix includes an example of
calculations based on data from a single patient. These calcu-
lations show in detail how the RCI is estimated with the four
methods using pretreatment and postireatment scores.

All of the methods assume continuous data. Four of the
methods rely exclusively on the use of pretest and posttest
scores, whereas the HLM method used pretest, posttest, and
all available OQ-—45 data points in between.

The average OQ—45 pretest score was 68.35 (SD =22.33),
The mean difference score was 10.9 (SD = 19.18). indicating

‘The “original” cutoff (63 points) was calculated using the sam-
ples reported in the OQ-—<45 manual, that is, a ¢linical sample with a
mean score of 79.8 (50 =25.3) and a nonclinical sample with a mean
score of 48.7 (SD=20.2). In this study. we used two other samples in
which the mean was 68.35 (SD = 22.33) for the clinical and 49.04
(SD = 17.3) for the nonclinical sample. The nonclinical data are
comparable (o those used in the OQ-—45 manual, with similar impair-
ment. However, the patients in our study were less impaired than the
clinical sample in the manual. A< a consequence of this lower im-
pairment of the patient sample, Cutoff C needed modification and
resulted in a lower cutoff score. Cutoff C is the weighted midpoint
between the means of a functional and dysfunctional population and
therefore always “reacts” directly to the samples used in a specific
study.

The caleulation of C = 57 was done as follows:
(&1 timical Muanchnical )V + !S!‘)W"l- tinsiat Mictinicat )
SDinicat * SDnonctinical
2233 x 49.04 + 17.3 x 68.35
2233+ 173

Cutoff C =

=574.

average gains following treatment that were comparable to
gains made by clients seen in similar settings that also have
low treatment dosage (Hansen et al., 2002). The correspond-
ing effect size (Cohen’s «) for the pretest-posttest change
was .48, a modest effect.

Lambert. Hansen. et al. (1996) reported a reliability coef-
ficient for the OQ-45 of .93 (Cronbach’s alpha) based on
normative data from several patient and nonpatient samples.
For reasons explained previously, this value was used for all
clinical significance calculations. The resulting Sz amounts
to 5.9 (computation formula is included in the Appendix).
Just 1o illustrate the difference, the score was also calculated
using test—retest reliability (.84). The corresponding S is
8.9. Using this much higher error would lead to more patients
being classified as Unchanged.

Following the procedures of McGlinchey et al. (2002),
Cutoft C was used for calculation of clinical significance.
This cutoff is based on information about both the functional
and dysfunctional samples. The HA method calculated a *C
True™ by multiplying the means by their reliability data,
which yielded a cutoff of 57 for that method.

GLN method. 1In synthesizing the work of Lord and
Novick (1968) and Linn-and Slinde (1977), Hsu (1989, 1995,
1996) was the first researcher to provide an alternative
method to Jacobson et al. (1984), referred to as the GLN
method. Hsu (1989) suggested that the RCI index of the Ja-
cobsonetal. (1984) method did not take into account the phe-
nomenon of regression to the mean that might considerably
influence outcome classifications. Regression to the mean
implies that more extreme scores because of imperfect reli-
ability, will naturally tend to become less extreme over re-
peated assessments. The GLN method attempts to control for
this potential confound by including a hypothesized popula-
tion mean (and standard deviation) toward which scores
would regress. These are suggested to be the scores of a “rel-
evant group.” for example, the group from which the partici-
pants of the study were selected (Hsu, 1999). If there is not
such a population or their scores are not available, Hsu
(1999) advocated using the pretreatment scores of the partici-
pants. This was done in our study.

EN method. The EN method was presented by Speer
(1992). This method synthesizes the work of Edwards,
Yarvis, Mueller. Zingale, and Wagman (1978) and Nunnally
(1967. 1975) who advocated formulation of confidence inter-
vals for calculating prechange to postchange rates. The EN
method establishes reliable change by observing a partici-
pant’s postiest score relative to an established confidence in-
terval around the estimated true pretreatment score of the in-
dividual. Speer concluded that, like the GLN method, the EN
approach would be an improvement on the original clinical
significance method by minimizing the influence of regres-
sion to the mean in the calculation of improvement rates. Fur-
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TABLE 1
Rates (Percentages and Frequencies) of Reliable Change Across Five Methods of Calculating Reliable
Change Using the Total Sample

Deterviovared

Unchanged Impraved

Approach % Frequency G Frequency G Frequency
Jacohson—Truax 6.5 25 58.5 226 35.0 135
Gulliksen—Lord-Novick 5.2 20 59.3 229 355 137
Edwurds—Nunnally 11.9 46 420 162 46.1 178
Hageman-Arrindell 8.8 34 66.6 257 24.6 95
HLM 4.9 19 65.3 252 29.8 s
Note. N = 386. HLM = hierarchical linear modeling.

thermore, the ease of presentation offered by confidence in- TABLE 2

tervals is an additional benefit of this method.

HA method. This is one of the most recent clinical sig-
nificance methods, developed by Hageman and Arrindell
(1999b). Drawing on Cronbach and Gleser’s (1959} use of
the phi coefficient as a measure of discrimination, the HA
method involves the most significant revisions to the JT
method. Among its distinguishing features, the HA method
differentially analyzes clinically meaningful change at the
individual level (i.e., participant to participant) and at the
group level (i.e., obtaining proportions of participants in the
sample who have reliably changed and passed the cutoff
point). The RCT(RCppiv) of the method is determined by in-
corporating both pretest and postiest reliabilities in its calcu-
lations, purporting to enhance precision further. In addition,
the HA method is the first to modify the cutoff criterion. ap-
plying the same corrections for regression to the mean to the
cutoff as are used in the RCinpyv.

HLM. Speer and Greenbaum (1993) recently advocated
a multiwave data approach using growth curve modeling
(e.g., HLM; Bryk & Raudenbush, 1992). One of the advan-
tages of a multiwave approach is that it uses more than two
data points per individual: by doing so, it reflects the change
that occurs between pretest and postiest assessments more
precisely. Besides the parameter estimation based on
multiwave data, further advantages of HLM are the use of
empirical Bayes estimates, which are weighted estimates that
combine information from the individual and the sample as a
whole as well as the capability of handle missing data.

Following calculations of the clinical significance of
change for each method. differences between methods were
analyzed through the use of nonparametric statistics.

RESULTS

Table | presents the overall rates of classifying the client’s reli-
able change forthe five clinical methods forthe total sample of
386 clients. The EN method classified the fewest number of
clients as unchanged (42%) and the greatest percentage of cli-

Paired Comparisons Between Reliable
Change Classifications

Approach IT GIN EN HA HIM
IT = ) Pl 76 8
GLN s — J0 a2 80
EN p< .0l s — ] 59
HA p< 001 p< 001 p< .00l — 67
HLM p< 05 pe< (01 p< 001 p<.001 —

Nore.  Significance levels for paired comparisons (Wilcoxon test) between
the relinble change classifications of the five approaches are underlined.
Kappa coefficients for the agreement between methods are in the right upper
quadrant, IT = Jacobson-Truax; GLN = Gulliksen-Lord-Novick; EN =
Edwards-Nunnally: HA = Hagemun—-Arrindell; HLM = hierarchical linear
modeling.

ents as improved (46%) and deteriorated (12%). The HA and
HLM methods classified the largest number of clients as un-
changed (67% to 63%) and the smallest number as improved.
There was little difference between the IT and GLN methods
in classifying patients as reliably changed.

To compare differences in classification rates, Kendall's
coefficient of concordance statistic (W) was computed. This
omnibus test is distributed as a chi-square. W was highly sig-
nificant for the five methods (W = .064). %2(4. N = 386) =
98,935, p < .001, suggesting that overall the methods differ
from one another in classifying the rate of reliable change.
Pairwise comparisons of all methods were calculated using
the Wilcoxon signed ranks test based on Z scores. This
nonparametric test measured level of agreement by compar-
ing perfect agreement between every two methods” classifi-
cation of individuals compared to nonmatches. Table 2
presents the results. Statistically significant differences were
observed between 8 of the 10 pairs. The GLN classifications
did not differ from the JT or from the EN classifications.

To quantify the extent of agreement across methods, Co-
hen"s kappa coefficients were calculated. Table 2 shows the
results in the right upper quadrant. All 10 coefficients
reached statistical significance at the .001 level. The highest
agreement was found between the I'T and GLN approach (k=
.92) and the lowest between the EN and the HA and the EN
and the HLLM approach (x = .59).
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TABLE 3
Percentages and Frequencies of Clinical Significance Classification for Five Calculation Methods

CS Deteriorated Deteriorated Unchanged Improved Recovered
Approach i Frequency L Frequency % Frequeney Gt Frequency % Fregquency
Jacobson-Truax" 2.3 9 4.1 16 RHR] 226 16.1 62 18.9 73
Gulliksen-Lord-Novick 2.1 8 31 12 59.3 229 16.6 64 18.9 73
Edwards—Nunnally 3l 12 8.8 34 42.0 162 249 g6 212 82
Hageman-Arrindell 57 22 3 12 66.6 257 2.7 49 11.9 46
HLM 1.6 H 34 13 65.3 252 13.5 52 16.3 63

Nore. N =386, CS = clinical significance: HLM = hierarchical linear modeling.

*The Jacobson-Truax categories have been slightly modified. In effectiveness research trather than elinical trials), a portion of persons (15% to 25%) begin
treatment in the functional range and cannot meet the criterion for passing the cutolT into the functional range (achieving CS change), although they can meet
reliable change index eriterion for improvement and deterioration. Here, “CS deteriorated” indicates patients who began treatment in the functional range and
reliably worsened, ending therapy in the dysfunctional range. “Deteriorated” means reliably worsened.

TABLE 4
Paired Comparisons Between Clinically
Significant Change Classifications

Approach JT GLN EN HA HLM
IT — 93 5 35 K0
GLN us — J4 ) 82
ns
EN p<.00l <001 — Al 64
p<.05 ns
HA p<. 001 p<.00] p< 001 — 49
p<.05 p<.001 p<.001
HLM p<.001 p< 001 p<.001 p< .00l —
ns ns p< .05 ny

Nore,  Significance levels for paired comparisons (Wilcoxon test) between
the clinically’ significant change classifications of the five approaches:
Results of current study (underlined) and results from McGlinchey. Atkins,
and Jacobson (2002). Kappa coefiicients for the agreement between methods
are in the right upper quadrant, JT = Jacobson-Truax; GLN = Gulliksen
~Lord-Novick: EN = Edwards—Nunnally: HA = Hageman-Amindell; HLM
= hierarchical linear modeling.

Table 3 presents the overall rates of classifying patient (N
= 386) change based on clinical significance criteria. In this
comparison, the omnibus test for differences was again
highly significant (W = .124), 3?4, N = 386) = 191.01, p <
001, Pairwise comparisons showed statistically significant
differences between all classification methods except the IT
method and the GLN method (Table 4).

Again we also calculated kappa coefficients to quantify
the extent of pairwise agreement across methods. The coeffi-
cients are displayed in the right upper quadrant of Table 4.
Again, all coefficients reached statistical significance (all ps
< .001). As for the comparisons of reliable change rates,
agreement was highest between the JT and the GLN ap-
proach (k = .93) and lowest between the EN and the HA ap-
proach (k= .41).

Table 5 presents the pairwise rates of agreement as well as
the average agreement of each method with the remaining
four approaches. As Table 5 shows, there was high concor-
dance between the JT and GLN methods (96%). The HA
method appeared to be most discrepant from the other meth-

ods, providing relatively low rates of improvement, rela-
tively high rates of deterioration and no change, and agree-
ment rates that varied from 61% to 75% (see Tables 3 and 5).
The rates shown in Table 3 for clinically significant change
parallel those found for reliable change as presented in Table
I. The EN method yields the most liberal estimate of clini-
cally significant change, whereas the HA method was the
mosl conservative in classifying patients as meeting criteria
for change. The HLM method, found to be “mere sensitive
to change™ by Speer and Greenbaum (1995), provided rela-
tively low rather than high estimates of individual change
and rates of agreement that varied from 73% 1o 90 %.

DISCUSSION

Examining differences in classification frequency between
methods of estimating clinically significant change is an im-
portant research task. Estimates of clinically significant im-
provement for groups of patients affect the degree to which
treatments are generally considered to be effective or in need
of modification. Such estimates have an impact on practitio-
ners, researchers, and policymakers, as these individuals
make policy decisions and recommendations for preferred
practices. In addition, the presence or absence of clinically
significant change can impact treatment for the individual
client. that is, whether to terminate treatment or continue
tredtment, stepping up (or down) treatment to more (or less)
intense interventions, or referral of the client. These applied
clinical activities are dependent on a number of practical con-
siderations such as the specific outcome measures that are

“In addition to the analyses of the total sample. the calculation of
for rates of reliable change was also done with the sample broken
into two subgroups (the 258 clients who began treatment in the dys-
functional range, i.e., above the cutoff score 57 and the 128 who be-
gan treatment in the functional range, i.e., below the cutoff score of
57). The results were the same for how the methods performed. The
subsamples did differ in the extent to which they improved, with less
improvement found in the more healthy clients.
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TABLE 5
The Percentage of Agreement Between
Patient Classification Across Five Methods
of Calculating Clinically Significant Change

Approach JT GLN EN HA HLM
T — — a1.8 B4.9
GLN 95.6 — — — -
EN 734 82.7 — — 89.0
HA .6 73.1 60.9 —
HLM 88.7 90.0 16.2 132 ==
Average

agrezment #3.1 BS54 73.3 0.5 82.0

Note.  Results from this study are underlined. Those reported by Speer
and Greenbaum (1995). who used only three of the five methods JT, EN,
and HLLM), are in the upper right quadrant. McGlinchey, Atkins, and
Jacobson (2002) did not report the amount of pairwise agreement. JT =
Jacobson-Truax; GLN = Gulliksen-Lord-Novick: EN =
Edwards-Nunnally: HA = Hageman-Armndell; HLM = hierarchical
limear modeling.

used in a study (Beckstead et al., 2003), but as this study
shows, they also depend on the statistical methods used to es-
timate clinically significant change.

In this study, we attempted to increase the reseacher and
clinician’s understanding of the impact of statistical methods
that classify clinically significant change by examining five
methods of calculating change using a relatively large data
set based on routine clinical practice. Two previous studies
(McGlinchey et al., 2002; Speer & Greenbaum, 1995) on this
topic differed from our study in important ways. Speer and
Greenbaum’s study also studied routine practice but exam-
ined only reliable change and did not use all the same meth-
ods used here and by McGlinchey et al. Unlike this siudy, the
McGlinchey et al. study was limited to a relatively small
number of patients within a single diagnostic category.
McGlinchey et al. were forced to collapse data across out-
come categories because of limited patient numbers in the
deteriorated category. Thus, McGlinchey et al. were unable
to fully test the classification categories. Our study used a
much larger N than either of the prior studies, maximizing the
possibility of finding differences if they existed. Neverthe-
less, examining results across the three studies provides con-
crete examples of the consequences of using different
statistical techniques for classifying patient outcomes.

Results of this study indicate differences in estimates of
clinically significant change between all methods except JT
and GLN. Both methods produced relatively moderate esti-
mates of clinically significant change (18.9%). Similarity in
estimates by the JT and GLN methods was also reported by

McGlinchey et al. (2002). Agreement in classification of

cases by these methods was above 90% in McGlinchey et al.
as well as in this study. This agreement in improvement rates
could not be compared with rates in the study by Spear and
Greenbaum (1995) who compared the JT and HLL instead of
the GLN method for caleulating reliable change. It is inter-
esting to note that the JT method produced improvement

rates very similar to those of GLN method advocated by Hsu
(1996) based on criticisms of the JT method.

The results of findings on the HLM method were some-
what divergent across studies. This study found that the
HLM method produced relatively low clinically significant
change.® McGlinchey et al. (2002) found a similar position-
ing among methods, although it was only statistically differ-
ent from the EN method, which produced the highest change
rates. Speer and Greenbaum (1995), on the other hand, found
the HLM method to differ sharply from other methods by
producing the highest reliable change (77%). whereas the
other methods estimated reliable change to be from 55% to
63%. The more liberal estimates of reliable change found by
Speer and Greenbaum using HLM were not replicated here,
nor were they replicated by McGlinchey et al. It is not clear
why Speer and Greenbaum’s estimates are at odds with our
findings (and those reported by McGlinchey et al., 2002), but
the findings of this study coupled with those from
McGlinchey et al. argue against acceptance of Speer and
Greenbaum’s recommendation that HLM is the preferred
method based on the relatively high improvement rates for
HLM's supposed “sensitivity” to treatment effects. As Hsu
(1999) pointed out, it is inappropriate to recommend a
method based on its production of high improvement rates
because the accuracy of rates is the standard that should be
used. Speer and Greenbaum assumed that HLM is more ac-
curate only because of its statistical sophistication and use of
more than two data points per client. Despite being based on
more than two scores, HLM does not appear to provide espe-
cially high estimates of clinically significant change or to be
particularly sensitive to detecting change.

The EN method provided the most liberal estimates of
clinically significant change and/or reliable change in this
study (21%). These estimates were dramatically different
from HA estimates (12%) based on the work of Hageman
and Arrindell (1999b). Such large differences suggest con-
siderable disagreement between these methods in estimating
which patients have experienced a clinically significant out-
come. Measures of concordance suggested only 61% agree-
ment, the lowest of all pairs. The EN method rated reliable
change rates at the second highest level in the investigation
by Speer and Greenbaum (1995) and also high in the
McGlinchey et al. (2002) analysis. When figures for im-
proved are added to those for clinically significant change in
this study, the EN method appears to show an even stronger

‘Using HLM allows for the investigation of complex models such
as curvilinear growth models that include linear and quadratic poly-
nomial components. In this study, only the results of the linear model
are described because the linear model was superior o the
curvilinear model (i.e.. it accounted for more within-subjects vari-
ance). In addition. Speer and Greenbaum (1995) recommended the
use of the linear model because the results are more comparable to
the pretreatment—postireatment difference score methods.
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trend toward producing high rates of improvement. It also
classified the greatest number of clients as Deteriorated.

In this study, the HA method was especially unlikely to
categorize many patients as improved (but likely to catego-
rize patients as deteriorated in relation to other methods).
Similar findings were reported by McGlinchey et al. (2002)
who found the HA method produced the lowest estimates of
improvement. Most clients who started treatment were esti-
mated to be unchanged at the time of termination.

In our study, three of the five measures (JT, GLN, HLM)
provided comparable results, but the other two (EN, HA) de-
viated in opposite directions. In the Speer and Greenbaum
(1995) analysis, three of the four methods studied were com-
parable, with HLM providing significantly higher estimates
of improvement. McGlinchey et al. (2002) reported compa-
rability of estimates of change across four of their five meth-
ods, with HA providing the lowest estimates. When
combined, the results of these three studies indicate a trend
that may hold up across patient samples. Methods of calen-
lating clinical significance are not completely comparable,
The EN method appears to produce the most liberal estimates
of change, whereas the HA method is the most conservative.
The relative standing of measures may be sample dependent.

We argue for the value of using the IT (Jacobson & Truax,
1991) method: it is already the most popular method, it is
easy o compute, cutoff estimates are available for a number
of widely used instruments (e.g., BDI: Seggar, Lambert, &
Hansen, 2002: Symptom Checklist-90-R: Tingey. et al.
1996b; which eliminates the need for calculation), and it pro-
vides a moderate point between the extremes of the EN and
HA methods. If the JT method is used with measures that
have large normative samples, then standard cutoff and RCI
values can be applied uniformly by researchers across the
country rather than requiring sample- and study-specific re-
calculations. This means that a standard for clinically signifi-
cant change can be set and applied regardless of the research
or clinical setting in which the study is conducted. However,
this is true only on the condition that the distributions of pa-
tient and nonpatient data are comparable. Strictly speaking,
the description of the situation (with respect to a functional
and dysfunctional population) has to be repeated in every
study. Practically speaking, in this data, it made little differ-
ence whether the JT or GLN methods were employed; they
resulted in similar estimates.

Future research is needed on the validity of estimates of
clinically significant change that are provided by different
statistical methods. Although this study (and past research)
does provide important information about differences and
similarities between statistical methods applied to ¢linical
samples, it does not clarify which methods are most accu-
rate in representing clinically meaningful change. Uli-
mately, validity data are needed to evaluate which
statistical estimate most accurately reflects meaningful
change. Such research presents a challenge because there is
no agreed on standard for this kind of therapeutic impact.

Beckstead et al. (2003) compared change across four popu-
lar outcome measures given to the same patients to see if
patients classified by the JT method on one measure were
classified the same on a different measure. Lunnen and
Ogles (1998), as well as Ankuta and Ables (1993), using
the JT method, found some correspondence between patient
satisfaction and reliable change, but no research has been
published using the other statistical methods that were ex-
amined in this study. Research that applies several mea-
sures and statistical methods simultaneously with a large
sample of clients is needed. In addition, qualitative methods
that carefully study a small sample of these clients may also
help further our understanding of what the thresholds are
for clinically significant change and which statistical
method most closely agrees with this type of criterion.
However, this type of large-scale research is not very prac-
tical if it includes the HLM method because this method re-
quires frequent retesting. If multiple measures were used in
such research, the burden on clients would be enormous.
Finally, two critical issues related to the application of sta-
tistical methods for estimating clinical significance need to be
mentioned. First, in general, it is not possible to solve the-
ory-based questions with an empirical study (e.g.. if and to
what extent the different methods actually differ). One can
only investigate whether the approaches lead to different re-
sults in certain situations (as was done in this study). The sec-
ond issue concerns the usage of reliability scores. From astrict
methodological perspective, itis not proper to apply reliability
information to single cases, With respect to this argument. one
should favor these statistics based on reliability with groups of
clients when comparing the results of different studies rather
than with the individual client as advocated by Hageman and
Arrindell (1999b). As a consequence, the “most correct” ap-
proach for single outcomes would be the HLM approach; it is
the only method that does not include reliability scores, The
HLM analysis uses information from multiwave courses toes-
timate a kind of individual reliability. However, as was said
previously. this supposed advantage of the HLM approach did
not lead to strikingly different results. Given that this method
is very demanding (and virtually impossible for clinicians to
employ). it seems justifiable to advocate the use of the tradi-
tional JT approach that would guarantee easy applicability for
clinicians as well as researchers. It would also help to insure
more comparability across studies. albeit at the expense of 1os-
ing some methodological accuracy. Continued research on
methods of calculating clinical significance is recommended
and we caution the reader that until further research is con-
ducted, including validity studies, we cannot be certain of the
best method for estimating clinically significant change.
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APPENDIX

As previously noted, the example of one single patient demonstrates the cal-
culation of the different relinble change indexes (RCIs). The following in-
formation is relevant for these caleulations.

Information Based on the Sample

Pretreatment mean for sample: Mpre = 68.35.

Pretreatment standard deviation for sample: SDpre =22.33.
Postireatment mean for sample: Mpag = 57.45.

Postureatment standard deviation for sample: SDpost =22.94,
Internal consistency: Cronbach's o= 93 -
Standard error of measurement (Sg): Sg= .S'IJ\‘J'I =P =59
Carrelation  between pretreatment and  posttreatment  scores:
rpre*post = 041,

Information Based on One Single Patient

Pretreatment score: xpre = 77
Posttreatment score: Xpost = 52.

Jacobson and Truax (1991)

RCI: (Xpos: = Xpre) _

- 2906

The patient is classified as reliably improved because the score is smaller
than ~1.96.

Gulliksen, Lord, and Novick (Hsu, 1989)
RCI:
(Xpast = M pre) = Fex (Xpre = Mpre) _ (52—68.35)—.93( 77-68.35)

SDpeer1 -1 22.33J1-93%

=2071.

The patient is classified as reliably improved because the score is smaller
than —1.96.

Edwards and Nunnally (Speer, 1992)
RCI: |
[Pl Xpre = Mpre )+ Mppe | £ 28D 5241 - rg
= [93(77 - 68.35) = 2 x 22,331 93 = [76.3945] = 3.1262,

where the upper boundary = 76.3945 + 3.1262 = 79.52 and the lower bound-
ary = 76.3945 - 3.1262 = 73.27.
The patient is clussified as reliably improved becauvse the postireatment

seore (xy,, = 52) is below the lower boundary.

Hageman and Arrindell (1999b)
Individual RCI:

(Xposr = Xpre Wit + (M poxs — Mpre M1 = 1ty )
V253
(52-77) x 805+ (57.45- 68.35)(1—.805) _

-2.97.

J 80542 x 592

The patient is classified as reliably improved because the score is smaller
than —1.65.
:

'\1),'3'11"1 v pre) + .S'l)',,“h.l'w RIS = ESJD;m -5“,11_(»\rrmr ® past

B = — — :
‘ SO e+ SD2s = 28D SD st e % past
22.33% x 93+ 22947 x 93 -2 x 22.33 x 22.94 % 641 ans
= e = n —= ,8l).
22332 -22.94% —2'% 22.33 % 22.94 x .64
. _ SDjre-SE _ 23¥ 597 ]
fxx(pre) = o e — = = = 93,
SD e 22.33%
E - SDjon =S _ 2204* 592 _ .
Al perer ) = S,“ﬁm_, - 12-()4: = I

Individual clinical significance mdex

M porsr + (Xjis — M porss West poary = TRC
'\-‘.r\,.rt(l.l!u\ll-';f

TRC= SDsra o Texinarmy M pee + SDjpsra[Fest prey Mo

S“!r.n-m \r’ Frx(sorm) + Suyrlr\""l ¥f pred

Hierarchical Linear Modeling (Bryk
and Raudenbush, 1992)

e = individual's raw pretreatment score: Nogyg = individual's raw
postireatment score; .5'[)[“\_ = standard deviation of pretreatment scores;
.5'1‘)[,_,‘I = standard deviation of posttreatment scores; S, = standard emvor of
measurernent; r . = reliability of measure; M= mean of pretreatment
SCOres: Mp..,, = mean of postireatment scores; ry, = reliability of difference
SCores; r

wfpre)

pre

= reliability of pretreatment scores; Fexiposyy = TEltability of
positreatment scores: TRC = trie cutoff score (here on basis of Jacobson's
[Jacobson & Truax, 1991] Cutoft C criterion); SO = standard deyiation
of normal or nonpatient population; r . = reliability of normal or
nonpatient scores: M,

o = Mean of normal or nonpatient scores; 8% = em-

pirical Bayes estimate of linear slope; V* = standard deviation of the empir-
ical Bayes estimate.
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