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The evaluation of rehabilitation interventions is of essential significance in rehabilitation and
rehabilitation research. In this context, the present article deals with the most important aspects
concerning the measurement of success and change. Pivotal outcome criteria and indicators as
well as the most often applied self report instruments are introduced. The IRES-3 (Indicators of
Rehabilitation Status), developed in Germany, is described in more detail. Following questions
regarding the measurement of change, alternative assessment methods, namely goal-oriented
measure and adaptive testing based on Item-Response-Theory, are discussed.
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Introduction

In rehabilitation research, measuring success is of particular importance, especially considering the

aspects of legitimization and further development of rehabilitative interventions.

Essential are the definition, the operationalization, and the measurement of relevant outcome
parameters. Outcome research in rehabilitation goes beyond disease symptoms and impairments of
functioning. The ‘International Classification of Functioning, Disability and Health’ (ICF; DIMD],
2004; Peterson, 2005) developed by the ‘World Health Organization’ (WHOQO) serves as the

framework for determining outcome criteria.
1. ICF as a conceptual framework

The ICF is a classification system that allows for the classification of health-related problems on a
somatic level and their consequences regarding the ability to perform in the realms of work and

everyday life as well as social participation (Bruyere, Van Looy, & Peterson, 2005). The
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multifactorial model attempts to take into consideration the entire life situation of an individual.
Generally, constraints concerning state of health pertain to the three central dimensions: The (1)
impairment of body structures and body functions entails (2) activity limitations by which (3) the
possibilities to participate in social and societal life are restrained. Disability is regarded as the
result of an interaction of health problem and contextual factors, i.e. environmental factors (e.g.
prejudices, barriers) and personal factors (e.g. resources, coping strategies). Body structures are
parts of the body (organs, limbs and their components), body functions are elementary
physiological and psychological functions. Activity stands for everyday activities (e.g. eating,
clothing, personal hygiene); constraints are described as “activity limitations”. Participation
describes the extent to which a person is involved in everyday life in a societal context and the
extent to which the individual is able to fulfill roles (e.g. work-wise, in the family); constraints are
denoted as ‘participation restrictions’. Thus, the ICF reflects the entirety of all possible constraints

that are relevant success criteria for rehabilitative interventions.
2. Criteria and indicators of rehabilitative success

The question of rehabilitative success requires consensus regarding the relevant success criteria.
These can be organized as follows (see also Biefang, Birkner, Thien, Hartel, & Bullinger, 1997;

Bullinger & Ravens-Sieberer, 2000):

- psychosocial indicators (e.g. coping with disease, quality of life, independence in
everyday life, depression, treatment satisfaction)
- biomedical indicators (e.g. ability to move, blood glucose level)

- economical indicators (e.g. costs, earning ability)

Besides organizing success criteria in terms of content, several stakeholders can be distinguished
who have different expectations for rehabilitation: patients, therapists/personnel, sponsors,

institutions, experts, society.

For the psychosocial indicators, subjective measures such as subjective health and health-related
quality of life are frequently used. Quality of life is conceptualized as a multidimensional construct
referring to well-being and ability to function, either from the perspective of the respective
individual or from the perspective of external observers (Bullinger, 2000). Here, quality of life can
be perceived as a comprehensive concept (e.g. general life satisfaction) or domain specific (e.g.
quality of work-life). Individual-centered approaches for assessing quality of life pertain to the
difference between aspired and subjectively attained goals. In dimensional approaches, quality of
life is conceived as interindividual differences in physical, psychological, social, functional, material
or spiritual aspects. Health economic approaches define quality of life by means of the preference

for different health-relevant scenarios representing starting points for cost-benefit-analyses (QALY:
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Costs per Quality Adjusted Life Year) (Freund & Ziegelmann, 2009). The subjective weighting of
individual indicators can change in the course of rehabilitation (Bernhard, Lowy, Mathys,

Herrmann, & Hiirny, 2004).

3. Multidimensional self-report instruments

Particularly in the domain of rehabilitation, the inclusion of patients’ self-assessments is important
as one’s own perception of e.g. health status, performance potential and motivation has crucial
effects on coping with disease and on actual behavior. Despite similar physical impairments,
subjective perception, appraisal, and processing of the consequences of disease and disability vary
considerably. There also is variation regarding the subjective perception, appraisal, and processing

of treatment-induced changes in individual symptom areas.

Due to the heterogeneous indication groups and different clinical pictures, generic and disease-
specific instruments have to be distinguished. Generic instruments (i.e. instruments applying to
different diseases/indications) allow the assessment of aspects which reflect the patient’s strains or
constraints independently of the indication. Generic instruments also allow the assessment of
further characteristics important to the treatment process and to the evaluation of treatment
success. Generic instruments constitute an important basis for an indication-independent
comparison of the need and the quality of health care in rehabilitation. They also allow the
identification of indication-independent relations (e.g. predictive value of treatment motivation for
the improvement of health-related quality of life) and modes of action important to the outcome
quality. Examples are:

FIM - Functional Independence Measure (Keith, Granger, Hamilton, & Sherwin, 1987)

IMET - Index for the Assessment of Health Impairments (Deck, Mittag, Hiippe, Muche-Borowski, &
Raspe, 2007)

IRES-3 - Indicators of Rehabilitation Status (Biihrlen, Gerdes, & Jackel, 2005)

NHP - Nottingham Health Profile (Hunt, McKenna, McEwen, Williams, & Papp, 1981)

SF-36/SF-12 - Health Survey (Ware & Sherbourne, 1992 / Ware, Kosinski, & Keller, 1996)
WHOQOL-100 -WHO-Quality of Life Questionnaire (Szabo, 1996)

Exemplarily for these instruments, the IRES patient questionnaire (Indicators of Rehabilitation
Status, 3. version; Biihrlen et al., 2005; short version: IRES-24; Wirtz, Farin, Bengel, Jackel,
Hammerer, & Gerdes, 2005) shall be described here. The IRES questionnaire comprises 144 items
and was developed specifically for application in rehabilitation. Therein, the ‘coping’ of the
rehabilitating individual is conceived to be a pivotal determinant of the rehabilitation process. In

the IRES patient questionnaire, health related impairments are assessed by the dimensions
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‘physical health’ and ‘pain’. In order to adequately represent ‘physical health’, indicators for the
sub-aspects ‘symptoms heart/circulation’ and ‘symptoms musculoskeletal system’ as well as the
‘self-rating - health’ and the ‘satisfaction regarding health’ are assessed. Further, in order to be able
to document factors influencing the health impairments, aspects concerning the ‘information status
regarding the disease’, the ‘evaluation of information status’, and the ‘implementation of
knowledge’ are assessed via the dimension ‘health-related behavior’. Psychosocial aspects are
primarily presumed to be decisive determining factors for the pivotal variable coping process. In
the realm of psychological determinants of the coping process (IRES dimension ‘mental health’),
particularly ‘depression’, ‘anxiety’, ‘vital exhaustion’, ‘sense of self-worth’ as well as ‘cognitive
performance ability’ are assessed. ‘Social support’, ,satisfaction regarding family’, as well as
,satisfaction regarding relationships with acquaintances’ are formulated as core aspects of the

dimension ‘social integration’.

On the activity level, the assessment of the ,physical functioning/occupational functioning’ has a
special relevance in the context of rehabilitation (Coster, Haley, Andres, Ludlow, Bond, & Ni, 2004).
Here it is assessed to what extent patients are able to execute activities of everyday life without
difficulty (e.g. ‘lifting an object off the ground’). In empirical studies, the ,physical
functioning/occupational functioning’ has been shown to be the most important predictor of a
patient’s participation and of treatment success (Reed, Lux, & Bufka, 2005). As the development of
instruments for the direct assessment of participation is just at its beginnings (Heinemann, 2005),
aspects of the ability to function are to be considered one of the most important indicators of
treatment success. In the IRES patient questionnaire, the ,physical functioning/occupational
functioning’ is subdivided into the aspects ‘physical ability to function’ and ‘job-related ability to

function’ and comprehensively assesses functional constraints of the patients.

4. Questions concerning measurement of change

Intervention effects (changes) from the perspective of affected individuals may be directly assessed
by means of explicit change ratings (e.g. “How has your condition changed?” worsened - remained
the same - improved), by comparing status assessments from the beginning of treatment with
status assessments following treatment (= indirect measurement of change), or by comparing
status assessments following treatment with a remembered pre-status (= quasi-indirect
measurement of change). Mittag et al. (2012) have systematized advantages and disadvantages of
the different methods for measuring change and have derived recommendations for their
application in rehabilitation research. Direct measurement of change is applicable economically as
it merely requires one time of assessment, and it directly corresponds to everyday clinical life (“So,
did it help you?”). The latter may temptingly lead to the assumption that respondents’ statements
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are easy to interpret in terms of content. However, the question of change is considerably more
cognitively demanding than the question of current well-being (Mittag et al.,, 2012). Respondents
not only have to be able to remember their state of health at a given point in the past but they also
have to relate it to their present state. This method of measurement of change is therefore
susceptible to a range of biases e.g. by memory distortions (“recall bias”), by current well-being

(“present state bias”) as well as by the respondent’s interests and expectations.

Another problem is that this method of change measurement provides neither indicators regarding
the initial state nor indicators regarding current well-being. This impedes the interpretation of
experienced change. The information that nothing had changed, for instance, is to be interpreted
differently concerning a bad initial state than concerning an advantageous initial state.
Furthermore, studies show that the results of direct measurement of change represent rather a
general factor independently of the respective contents while specific effects appear with indirect

measures of different endpoints (Meyer-Moock et al.,, 2010).

Indirect measurement of change is considered to be the gold standard in clinical change
measurement. Here, the intervention outcomes are determined by means of the difference between
two status assessments that are separate in time (pre-post). Thus, distortions through memory
effects or an excessive influence of the current well-being are eliminated to a large extent. Hence,
indirect change measurement is often ascribed better measurement accuracy than direct
measurement of change. Moreover, it reflects changes in different areas multidimensionally and in
a differentiated manner (Meyer-Moock et al,, 2010). Nevertheless, the considerably higher effort
may be considered a disadvantage leading to a rather infrequent application of the indirect method

of change measurement especially in routine surveys.

Indirect change measurement is associated with a range of methodical problems too (cf. Mittag et
al,, 2012). The measurements should represent the average (typical) situation at the given point in
time. However, in practice, this prerequisite is not necessarily given. Situational conditions present
at only one of the two measuring points (e.g. an acute illness, family incidents, extreme work loads)
may lead to considerable “noise” in the measurement. Another problem concerning the validity of
the measurement results from a possible shift of the respondents’ evaluation standard at the
second measurement (“response shift”). Such a change can be a consequence of changed internal
standards (e.g. through comparison with other patients) or of a change in valences e.g. in heavy
cases of illness or disability. By all means, this can be a desired consequence of the rehabilitation

intervention, yet it may possibly lead to an over- or underestimation of the intervention’s effects.

Just as the direct method, quasi-indirect measurement of change also requires only one
measurement. Together with the assessment of the current state of health at the post-measure,

well-being at the point of pre-measure is retrospectively assessed here and change is determined
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by means of the difference between the two responses. Thus, the economy of direct measurement
of change shall be joined with the advantages of indirect change measurement. Nonetheless,
methodical problems remain here as well (e.g. ,recall bias“). Direct and quasi-indirect methods of
change measurement apparently tend to lead to an overestimation of effects compared to the direct
method (Mittag et al,, 2012). Simple recommendations for the implementation of a particular
method of change measurement can not be provided. Depending on the question and the research

design, the advantages and disadvantages of the different procedures have to be weighed.

5. Goal oriented measurement of change

The consideration of several parameters in the context of multidimensional and differentiated
diagnostics results in a problem regarding the explanatory power of effect sizes for documenting
treatment success: Generally, particular criteria are only relevant for some of the patients. No
detectable changes in areas in which the patient was not strained at the time of admission or in
which no changes were strived for by the treatment, can not be evaluated in terms of an insufficient
effectiveness of rehabilitation. If, for instance, the total score of the IRES reflecting an aggregation of
all IRES dimensions is used as the evaluation criterion, then changes important to the patient are
possibly diluted or levelled out by an abundance of irrelevant information (Gerdes, 2005).
Moreover, the more heterogeneous the original conditions and needs of the patients in the
investigated sample, the smaller the detectable effects on the level of the individual dimensions.
Heterogeneity on the level of variables and patients thus leads to a lack of validity concerning

global change indexes and a systematic underestimation of relevant changes.

In order to solve this problem, Gerdes (1998) proposed the procedure of ‘Goal Oriented
Measurement’ (German: Zielorientierte Ergebnismessung, ZOE) which, similar to the better known
‘goal-attainment-scaling” (GAS; Kiresuk, Smith, & Cardillo, 1994), enables individualized evaluation.
Here, for every patient, only those scales of a multidimensional assessment instrument are
considered in the evaluation that are at the beginning of treatment marked as a goal dimension in
therapist-patient-dialog or in which the patient exhibits conspicuities. In calculating the ZOE total
score, only those scales are used which have been defined as target areas (patient-related ZOE total
score). On the level of the sample, for the evaluation of change on an IRES scale only those patients
are considered who have marked the respective area as a target (scale- related ZOE total score): To
what extent a rehabilitation intervention is suitable, for instance, to reduce problems in the realm
of ‘stress’ is then only determined including those patients who wanted to focus on a reduction of

this problem in the course of their treatment.
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The ZOE-procedure has been applied in rehabilitation in several major evaluation studies (see
Jackel, Bengel, & Herdt, 2006). Despite its high apparent plausibility, there are also problems with
the procedure (Zwingmann, 2002): The reliability and validity of the goal-setting, i.e. choosing the
relevant problem areas, are unknown. Particularly, it is unclear to what extent the patient or the
attending therapist or exactly their interaction is critical for choosing targets and whether the
patient’s problems or rather the potentially available range of treatments determines the choice. In
addition, changes in the relevance of problem areas in the course of treatment are not considered
(Beutler & Hamblin, 1986). Possible reactivity, in terms of a change in treatment organization due
to the explicit determination of goals, is also not accounted for (Schulte-Bahrenberg, 1990). The
ZOE-procedure is moreover blind toward unintended declines in non-targeted problem areas. One-
sided focussing on the patient’s goals may for instance lead to a neglect of therapy standards as
they are defined e.g. in guidelines. This neglect, in turn, may lead to less good justification of the
therapeutic action. Focussing on problem areas results in extreme group selection, so the validity of
the treatment effectiveness evaluation is impacted by the phenomenon of regression to the mean
(Zwingmann & Wirtz, 2005). As chance variability in extreme groups causes an overestimation of
treatment-contingent changes, the interpretability of empirical effect sizes without suitable control
groups is exacerbated. Further, as the ZOE total score for every patient is comprised of different
individual aspects, the metric of the score is individually different and ultimately not
interindividually comparable: The added indicators (individual areas marked as goals), for

instance, each have a specific reliability and sensitivity to change.

Thus, the patient-specific ZOE total score is not only contentually incommensurable between

patients but it also possesses variable statistical characteristics.

In the ZOE-procedure, constantly different partial samples whose composition is not controlled by
the investigator are evaluated by means of different success measures. Further, the changes are
systematically distorted by chance processes. This illustrates that using the ZOE-procedure the
derivation of unequivocal statements regarding the effectiveness of treatment measures has to be

taken with a grain of salt.

6. Item-Response-Theory and computer-supported adaptive testing

For the most part, in rehabilitation very comprehensive assessment-batteries are applied to meet
the demand of evaluating state of health and aspects of health-related quality of life as
comprehensively as possible. It must, however, be considered that data collection should be
pinpointed against the background of the expected diagnostic benefit. One the one hand, it is not
justifiable to have patients answer questions that are diagnostically irrelevant. And on the other

hand, it has to be avoided that patients are strained too much by surveys resulting in subjective
;
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responses that are unmotivated and have limited validity. To meet this demand, short forms or
screening versions have been developed for assessment instruments. These are suitable to
economically assess the respective crucial dimensions (e.g. SF-12, Ware et al., 1996; IRES-24, Wirtz
et al,, 2005; Kroenke, Spitzer, Williams, & Lowe, 2009). Due to few items of medium difficulty,
however, these short forms often hold the problem that satisfactory diagnostic precision is reached
merely in the medium range of strain. Assessing low or high strained patient groups with these
instruments often results in unacceptably high standard errors as well as floor- and ceiling-effects
in the sample distribution (McHorney, 1999).

An optimal combination of economical data collection and high measuring precision in all areas of
the to be measured aspect continuum is yielded by computer-supported adaptive testing (CAT)
based on Item-Response-Theory (van der Linden & Glas, 2000; Frey et al,, 2011). Using CAT, the
patient is requested to answer a question of medium difficulty at the beginning of the assessment of
an aspect dimension (e.g. physical ability to function). Based on his/her answer, the next question
possessing the maximum informative value is chosen from an underlying item-base. For example, if
a patient answers the first question stating that he/she has problems covering a distance of 100 m
by foot, then the question whether he/she can comfortably execute a day-long hiking trip is
obsolete. It would then make more sense to inquire about the extent of problems regarding an
easier activity, e.g. to what extent he/she has problems to independently move around their
apartment. The algorithm underlying the CAT estimates the patient’s ability after every answer and
determines a degree of accuracy of this estimation (estimation error). The algorithm chooses
questions to be answered until the estimation error for the patient’s ability-level falls below a given
limit.

Contrary to static test forms, similarly precise estimations are reached in all areas of ability as the
achievable estimation accuracy is homogeneous in the whole spectrum of characteristics. Generally,
responding to 6 to 8 items is sufficient for the ability estimation, so the strain on the patient in
terms of time is reduced by more than 60% despite increased measuring quality. In the past years,
CAT could already be successfully internationally implemented in many clinical projects (e.g. Haley,
Fragala-Pinkham, Ni, Skrinar, & Corzo, 2005; Ware, Gandek, Sinclare, & Bjorner, 2005).
Comprehensive information regarding CAT-supported assessment of the ICF-construct ‘activities’
may be retrieved on the internet at this address: ,http://icfmeasure.com/’. A one-dimensional item-
base has to be available as a prerequisite for CAT. An item-base consists of a group of items
assessing the same aspect in differing degrees of difficulty, thus being strictly one-dimensional
(Abberger, Haschke, Krense, Wirtz, Bengel, & Baumeister, in press; Hambleton, 1993; Haschke,
Abberger, Miiller, Wirtz, Bengel, & Baumeister, in press).
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AHanu3 3¢pPeKTUBHOCTH peabUIUTALUHU:
pe3yJIbTaThl, OLileHKa U U3MepeHHe
W3MEeHEHUHU

/Px. beHres,
Yuuepcuter Asbb6epra-/Irogsura, @pau6ypr (Iepmarus)

M. Kpagr,
Yuuepcuter Asbb6epra-/Irogsura, @pau6ypr (Iepmarus)

O. Murrar,
YHUBEpCHTETCKHH MEJHIHHCKHH JeHTD I. Ppar6bypra (I'epmaHus)

Ouenka 3PQPeKTUBHOCTH  peabUJIMTALMOHHBIX  BMeLIATeJbCTB  KpailHe  BaXHa B
peabUJMTAllMOHHONW NpaKTHKe W ee HUCCAel0BaHUAX. JlaHHasl CTaThs INOCBslleHAa HauboJsee
B2XXHBIM aclleKTaM H3MepeHHUs ycllexa peabU/IMTALMOHHOM paboThl U CBS3aHHBIX C HeH
M3MeHeHU!. B Hell NpuUBOJATCA KaK KJ04eBble KPUTEPUH U MHAMKATOPBI pe3ybTaTUBHOCTH,
Tak U Haubosiee pacnpocTpaHeHHble WHCTPYMEHTb! OlLleHKH, OCHOBAaHHble Ha CaMOOTYeTax
kaveHTOB. OauH U3 HUX - ompocHUK IRES-3 (MHguKaToOpbl peabUIMTALMOHHOIO CTaTycCa),
pa3paboTaHHbIM B ['epMaHuM - paccMaTpuBaeTcs 6oJiee noJpo6Ho. O6CyXAa0TCa BONPOCHI
M3MepeHHsI U3MEHEHUU U ero aJbTepHATHBHbIE METOAUKH, TAKUE KaK 1[eJIeOPUEeHTHPOBAHHbIE
usMepenus (goal-oriented measure) ¥ ajanTUpPOBaHHOE TeCTHPOBaHHEe, OCHOBAaHHOe Ha
croxacTh4yeckoil Teopuu TecToB (Item-Response-Theory).

KinioueBbie CJIOBa: [AMarHOCTUYeCKHe H3MepeHUs], METOJbl OIEHKH, OlleHKa pe3yJIbTaToB,
Ka4yeCcTBO XXU3HU, CTOXaCTHYeCcKasi TEOPUS TECTOB, peabuanTalus.
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