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Summary

Background:

The primary goal of rehabilitation is to optimise functioning in everyday life. Therefore,
functioning is a main quality indicator in the field of rehabilitation. Functioning is de-
fined and classified by the World Health Organization’s ICF the International Classifi-
cation of Functioning, Disability and Health. In clinical practice, functioning outcomes
are collected with a variety of ordinal-scaled assessment tools that are often only ap-
plicable within individual clinical encounters. Moreover, they cannot be aggregated in
a valid manner or compared on a higher level. Therefore, there is a need for a Stan-
dardized Assessment and Reporting System (StARS) to ensure that functioning out-
comes assessed with different tools can be aggregated, compared and taken as the
basis for continuous learning and quality improvement at individual, institutional and
national levels. This doctoral thesis takes Switzerland as an example, where muscu-
loskeletal and neurological rehabilitation clinics can use different assessment tools,
the Functional Independence Measure (FIM™) or the Extended Barthel Index (EBI), to
report functioning outcomes for national rehabilitation quality reviews, what limits the
comparability across clinics.

Objective:

To examine how an ICF-based and interval-scaled StARS for functioning outcomes
can be created and implemented in Swiss rehabilitation quality reviews. Four specific
aims were: 1) To examine whether the respective scores of the functioning assess-
ment tools used in Swiss national quality reviews in neurological and musculoskeletal
rehabilitation can be reported as unidimensional and interval-scaled metrics; 2) To
create an ICF-based and interval-scaled common metric based on the functioning
assessment tools used in Swiss national quality reviews in musculoskeletal and neu-
rological rehabilitation; 3) To examine the influence and added value of an ICF-based
and interval-scaled StARS on the current reporting of functioning outcomes in Swiss
national rehabilitation quality reviews; 4) To develop strategies with relevant stake-
holders for implementing the StARS in Swiss national quality reviews in rehabilitation.

Methods:

Four quantitative studies that addressed specific aims 1-3 and stakeholder involve-
ment activities that addressed specific aim 4 were conducted. The basis of the four
studies were datasets that included over 18’000 cases collected for the Swiss Na-
tional Association for Quality Development (ANQ) in 2016 from 29 Swiss rehabilita-
tion clinics providing musculoskeletal or neurological rehabilitation. In studies 1 and
2, the Rasch measurement model was applied in order to define whether FIM™ and
EBI can be reported as unidimensional interval-scaled metrics. In study 3, an ICF-
based interval-scaled common metric encompassing FIM™ and EBI was created as
a core of a StARS by applying ICF Linking Rules to evaluate concept equivalence



and Rasch model requirements to establish score equivalence. In study 4, the impact
and added value of the developed StARS for the reporting of functioning outcomes
for Swiss national rehabilitation quality reviews was examined in comparison to the
current ordinal-scaled system, including descriptive statistical methods and content
exploration of further development areas of the current reviews based on relevant ICF
Core Sets. The stakeholder involvement comprised a stakeholder brief and a stake-
holder dialogue. The brief aimed to inform the stakeholders about the project, its
findings and application areas and was developed with the involvement of stakehold-
ers. The dialogue aimed to develop strategies for implementing a StARS for function-
ing outcomes in Switzerland.

Results:

Studies 1 and 2 showed that FIM™ and EBI can be reported as unidimensional and
interval-scaled metrics for musculoskeletal and neurological rehabilitation, when
Rasch-based transformation is applied. In study 3, concept and score equivalence of
FIM™ and EBI could be established, resulting in an ICF-based interval-scaled com-
mon metric that encompasses the two assessment tools. In study 4, the comparison
between the interval-scaled and the ordinal-scaled reporting showed that the
achieved outcomes reported on an interval-scaled StARS tended to be smaller but
more precise. Furthermore, study 4 demonstrated the added value of employing the
ICF as the basis of a StARS, showing concrete functioning categories that can inform
further development of national outcome quality reviews in rehabilitation. The output
of the stakeholder brief and stakeholder dialogue was an implementation agenda in
which the stakeholders decided on the next steps for implementing the developed
StARS.

Conclusion:

The present thesis shows how a StARS for functioning outcomes can be created for
national quality reviews in rehabilitation and that it can have a positive influence and
added value in comparison to the currently applied ordinal-scaled reporting system.
Moreover, the thesis illustrates the potential of involving stakeholders in developing
implementation strategies to implement a StARS. An ICF-based and interval-scaled
StARS enables valid aggregation and comparison of functioning outcomes assessed
with different assessment tools resulting in richer data. This, in turn, enables learning
from functioning outcomes and has the potential to inform and strengthen quality im-
provement in rehabilitation, in the sense of a learning health system.
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Introduction

This doctoral thesis demonstrates how quality improvement in rehabilitation can be
strengthened by standardized reporting of functioning outcomes, based on the ex-
ample of Switzerland. This first chapter introduces the rationale, context, key con-
cepts and outline of the thesis that presents four studies and stakeholder involve-
ment activities.

1.1 Rationale of the thesis

Functioning, the lived experience of health and its effect on daily life has been argued
to be the third health indicator of the health system, complementing the established
indicators of morbidity and mortality, and the key indicator for rehabilitation [1-3].
The concept of functioning is defined and classified in the World Health Organiza-
tion’s (WHO) International Classification of Functioning, Disability and Health (ICF) [3].
Functioning encompasses the outcomes of the interactions between a person’s
health condition, environment and personal factors, as well as body functions, body
structures, activities and participation [3].

A problem currently faced in rehabilitation practice is that functioning information is
collected with a wide variety of assessment tools, making it difficult to aggregate,
compare and learn from functioning information [4]. There are two major challenges
to comparing and aggregating functioning information assessed with different as-
sessment tools:

1) The challenge of the content that differs between the tools: Even when two tools
seem to cover similar concepts, such as Activities of Daily Living (ADL), the
items of the assessment tools often differ in what they cover and their level of
detail [5].

2) The challenge of the metric and scaling of the assessment tools: Different tools
use different rating systems with differing total score ranges. Moreover, assess-
ment tools assessing functioning information are often based on ordinal scale
level [6]. In order to validly aggregate and compare functioning information, in-
cluding the calculation of means or change scores, such as the difference be-
tween admission and discharge, interval scale level is needed [6-8].

Standardization of the assessment and reporting of functioning outcomes on the ba-
sis of the ICF would support the process of monitoring functioning information and
integrating it in health information systems. Furthermore, it would enable the health
care system to learn from functioning information and ultimately support the improve-
ment of the quality of care [4, 9, 10]. A Standardized Assessment and Reporting Sys-
tem (StARS) for functioning information, including an ICF-based and interval-scaled
common metric, can address both identified challenges and make functioning infor-
mation assessed with different assessment tools comparable [4, 7, 11]. Using the ICF
as a standard reference as the basis for the common metric allows for the compari-
son between the content of assessment tools, making it possible to evaluate whether



there is concept equivalence between the different tools [4, 11]. The common met-
ric’s interval-scale characteristic makes it possible to establish score equivalence of
the encompassed assessment tools. Furthermore, it permits the meaningful aggrega-
tion and comparison of functioning information on a neutral common functioning ref-
erence metric, no matter with which tool the information was assessed [7].
Therefore, this doctoral thesis aims to examine how an ICF-based and interval-scaled
StARS for functioning information can be created for the use in rehabilitation quality
reports. Parallel to the development of a StARS, it was considered important to ex-
amine the influence and added value of a StARS in comparison to current ordi-
nal-scaled reporting practice in rehabilitation quality reports and to involve relevant
stakeholders in order to support future implementation [12].

1.2 Context of the thesis

Swiss public quality reviews in rehabilitation

This thesis takes the Swiss public quality reviews for musculoskeletal and neurologi-
cal rehabilitation as a case in point. These reviews include the monitoring of patient
functioning outcomes in inpatient rehabilitation in Switzerland through the coordina-
tion of measurement, analysis and public reporting of these outcomes on the level of
the rehabilitation clinics, encompassing clinic comparisons [13]. The reviews and re-
sulting reports are coordinated and published by the Swiss National Association for
Quality Development in Hospitals and Clinics (ANQ). The ANQ was established in
2009, to develop and implement national quality and safety indicators in the field of
acute care, mental health and rehabilitation [14]. The ANQ is the executive organ of
the Swiss National Quality Agreement, which has been signed and is financed by all
Swiss hospitals and clinics, insurance organizations and cantons, and in which the
review of outcome quality is a key element. This form of nationwide partnership
agreement is considered to be a pioneering method of providing national quality im-
provement across institutions in the health care sector [15]. The basis of the ANQ’s
activities is the Swiss Health Insurance Act (KVG), Article 48/9, which requires quality
assurance across Swiss inpatient health care institutions, including periodic reviews
of the outcome quality of health care services and clinic comparisons [16].
According to the ANQ review measurement plan, clinics from all areas of rehabilita-
tion take measurements from all their patients at admission and discharge. To do so
the clinics use different assessment tools depending on the rehabilitation area [13].
The annual ANQ reviews of musculoskeletal and neurological rehabilitation provide
an interesting case in point for the development of a StARS for functioning outcomes,
as the clinics can choose to report functioning outcomes with either the Functional
Independence Measure (FIM™) [17] or the Extended Barthel Index (EBI) [18]. This
practice reflects the reality that different clinics use different assessment tools for the
measurement and monitoring of functioning outcomes. For the ANQ reviews, a clin-
ic’s outcomes need to be made comparable with other clinics across Switzerland, ir-
respective of which of the two tools are used to assess functioning outcomes. Both
tools are considered to be very similar in content, both assessing the independence
of a person in ADLs [19]. Furthermore, both tools are based on an ordinal scale, but
are treated in ANQ reviews as if they are interval-scaled, i.e. means and change
scores between admission and discharge are calculated, and the related scores are

4



treated as continuous variables in risk adjusted regression estimations [20-22].

The practice of not designating a single assessment tool to be used in the national
quality reviews has the advantage that each clinic can choose whichever assessment
tool that is more valuable for them. Both tools have their advantages and disadvan-
tages, e.g. they differ in reliability and assessment time [19]. At the same time, this
practice also impedes the comparison of functioning outcomes across clinics. To
overcome the issue of comparability between clinics that use different assessment
tools, the ANQ has commissioned the development of an expert-consensus-based
transformation algorithm of the two assessment tools, referred to as the ANQ ADL
score [23]. In comparison to a StARS for functioning outcomes that includes an ICF-
based interval-scaled common metric, the ANQ ADL score has major shortcomings:
its reliance on an ordinal-scale and the fact that it does not consider the different op-
erational ranges of the assessment tools that it covers.

These special circumstances surrounding the Swiss ANQ outcome quality reviews in
musculoskeletal and neurological rehabilitation together with the availability of rich
and well-structured underlying data [20, 21] presented the opportunity to develop an
example of an interval-scaled and ICF-based StARS for functioning outcomes to be
used in national quality reviews.

Swiss National Research Programme Smarter Health Care NRP74

The thesis is a part of one of more than 30 research projects, included in the Swiss
National Research Programme Smarter Health Care (NRP74) of the Swiss National
Science Foundation (SNSF). The specific research project is entitled Enhancing con-
tinuous quality improvement and supported clinical decision making by standardized
reporting of functioning, referred to as the NRP74 StARS project [24]. An overview of
the NRP74 StARS research project organization can be found in Appendix 1.

A main goal of the NRP74 programme is to provide insights into ways of improving
health outcomes with a particular focus on prevention and the treatment of chronic
health conditions. Additionally, it aims at contributing to improved availability, acces-
sibility, linkage and comparability of health data [25]. The NRP74 sets a special focus
on knowledge translation and the collaboration with relevant stakeholders [26]. Given
this, the NRP74 StARS project integrated stakeholder involvement activities through-
out the span of the project, such as stakeholder consultation for grant submission, a
kick-off meeting with project partner, the formation of an advisory board and two ad-
visory board meetings, as well as two core activities related to the present thesis: a
stakeholder brief and stakeholder dialogue.

1.3 Background and key concepts of the thesis

Health care quality and quality improvement

Quality and quality improvement have been and continue to be central issues in the
field of health care [27]. Based on several definitions in the literature, WHO defined
quality of care as “the extent to which health care services provided to individuals
and patient populations to improve desired health outcomes” [28]. The work of pio-
neers such as Donabedian [29-31], Brook [32] and Rosenfeld [33], has been influen-
tial in advancing the topic, making major contributions to the definition, understand-
ing and measurement of quality in health care [27]. Of special significance to this
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doctoral thesis are the three attributes introduced by Donabedian for consideration
when assessing quality in health care — namely structure, process and outcome [29].
This thesis focuses on the topic of outcome quality and related indicators. Outcome
quality is defined as “change in a patient’s current and future health status that can
be attributed to antecedent health care” [29].

Measurement and monitoring are two vital aspects of quality improvement in health
care. They provide the means for defining what health care institutions actually
achieve and comparing this with targets in identify actions for improvement [34]. In
order to be able to measure and monitor, quality has to be translated into measurable
units, often referred to as quality indicators. Quality indicators are the tools for as-
sessing health care structure, performance and outcomes attributes [35, 36]. To sup-
port health care facilities to measure and monitor quality, the standardization of such
indicators is essential. The standardization of indicators also facilitates the compari-
son of quality between facilities [34]. Quality indicators also play a vital role in one
method of quality monitoring that aims to connect measurement with subsequent
quality improvement activities. This method compares health care providers through
the quality indicators in performance or quality reports [37, 38]. The publicly reported
ANQ reviews, highlighted in this thesis exemplify such reports on a national level [13,
15].

When quality indicators are publicly reported, the improvement of health care quality
can be affected through two pathways according to Berwick et al.: the selection
pathway that guides consumers to select high quality over low quality providers and
the change pathway that aims to stimulate quality improvement among providers by
identifying area of underperformance in comparison with others. Both pathways are
interconnected by external motivation, that serves as the impetus for the commit-
ment of organizations and providers to improve quality of care [37].

Rehabilitation

This thesis focuses on rehabilitation, the health strategy that comprises interventions
to assist individuals experiencing disability to achieve and maintain optimal function-
ing in interaction with their environment [39]. Rehabilitation has been argued to be
the health care strategy of the 21st century, as population ageing and higher inci-
dence of chronic non-communicable diseases have contributed to rapid global in-
creases in numbers of people experiencing problems in functioning [40, 41]. The im-
portance of rehabilitation is emphasised by the WHO’s Rehabilitation 2030 initiative,
which highlights a substantial and increasing unmet need for rehabilitation worldwide.
Many people with chronic health conditions need rehabilitation in order to stay or be-
come as independent as possible, participate in education, be economically produc-
tive and fulfil meaningful roles in everyday life [42, 43].

Functioning and the standardized reporting of functioning outcomes

Functioning is a central topic of the present thesis. As functioning is one of the main
indicators for a health system and the primary outcome of rehabilitation, it can be
considered the key quality outcome indicator in rehabilitation [2, 44]. Functioning is
the concept used by WHO to describe the lived experience of health in terms of body
functions, body structures, activities and participation. The ICF provides the WHO



framework and standard reference to operationalize health as functioning in the form
of a classification that includes chapters and codes [3]. The ICF comprises all do-
mains of biological and lived health in terms of body structures (such as the structure
of the brain), body functions (such as muscle power functions), activities and partici-
pation of an individual (such as walking or working) [3]. These functioning domains
are the outcome of a dynamic interaction between health conditions (diseases, disor-
ders, injuries, traumas, etc.) and contextual factors, including personal factors (such
as age) and environmental factors (such as assistive devices), of which only the latter
are classified in the ICF. All these domains and their interactions are reflected in the
biopsychosocial model, also referred to as the ICF model (see Figure 1).

Health condition
(disorder or disease)

i i

Body Functions and <«— Activities <— > Participation
Structures

T ! !
¢ ¢

Environmental Personal
Factors Factors

Figure 1: Interactions between the components of the ICF, World Health Organization 2001 [3]

According to the ICF, functioning denotes the positive aspects and disability the neg-
ative aspects of the outcome of the interactions between a person’s health condition
and contextual factors and encompasses body functions, body structures, activities
and participation [3, 45]. Functioning information as indicated by the ICF is etiologi-
cally neutral. This means that it is associated with, but not casually linked to underly-
ing health conditions. Individuals with the same health condition may experience dif-
ferent problems in their functioning, while individuals with different health conditions
may experience the same problems in functioning [3, 45, 46]. In summary, function-
ing is a multidimensional and dynamic concept that addresses how health plays out
in everyday life of a person, representing what matters to a person. It provides a pic-
ture of health that goes beyond morbidity and mortality [1, 2].

As a key quality outcome indicator in rehabilitation, the integration of functioning in-
formation in national health information systems, e.g. in outcome quality reports, is
crucial for strengthening rehabilitation and quality of rehabilitation care [2, 47, 48]. In
order to do so, as with quality indicators in general, it is important, that the reporting
of functioning information is standardized [4, 7, 10, 34, 49], ideally through the use of



the internationally recognized ICF [48]. Functioning information can be assessed and
reported in many ways, such as through observations documented as free text in
electronic health records. In this thesis, the term “functioning outcomes” is used,
when functioning information is assessed with established assessment tools [50].
These assessment tools are designed to assess functioning outcomes in a valid and
reliable approach and are often referred to as standardized assessment tools. How-
ever, the wide variety of well-established assessment tools used to assess function-
ing outcomes [4] are not conductive to the standardization of the assessment and re-
porting of functioning outcomes in general. In order to achieve the general
standardization of assessment and reporting of functioning outcomes, two options
were identified. On one hand, specific assessment tools could be defined as a stan-
dard, for example at the national level. This option can be difficult to achieve, as
there are many well-established assessment tools with clinical feasibility, carefully
chosen by clinicians or providers to meet their specific assessment needs. On the
other hand, different established assessment tools can be integrated in a StARS for
functioning outcomes. This option has the advantage that providers and clinicians
can continue to use the tools they are used to, while ensuring that the assessed out-
comes are comparable [11].

Standardized reporting of functioning outcomes is also fundamental for a learning
health system and quality improvement of the health system’s response to people’s
functioning needs in the provision of rehabilitation [10]. Functioning outcomes can be
used for learning, improvement and research on all three levels of a health system:
micro, meso and macro [10, 51, 52]. The micro level is the clinical patient level; acti-
vates at this level include the individual rehabilitation planning, clinical decision mak-
ing, goalsetting and the evaluation of the treatment [53]. The meso level is the health
care institution level and involves the evaluation and optimisation of the service pro-
vision. The macro level is the level of rehabilitation policy that is guiding rehabilitation
programming at the population level [10]. This thesis sets a focus at the meso level,
with the StARS for national ANQ quality reviews that compares institutional function-
ing outcomes in rehabilitation. Nevertheless, it also touches upon the micro and mac-
ro levels, since functioning outcomes for the quality reports are assessed at the pa-
tient level and the StARS enables national data aggregation, which in turn, could be
used for policy.

On the research side, much work has already been done highlighting the methods,
the importance and need for standardized reporting of functioning through an ICF-
based and interval-scaled StARS [4, 7, 11, 48, 49, 54]. The need for standardized re-
porting of functioning is also reflected in practice and measures have already been
taken to make functioning outcomes comparable, such as the development of the
ANQ ADL score in Switzerland that aims to compare functioning outcomes assessed
with different ADL tools [23]. Unfortunately, the work of research and practice with re-
gard to standardized reporting of functioning have yet to be brought together. For ex-
ample, the ANQ ADL score is neither ICF-based nor interval-scaled. The present the-
sis aims to bridge the efforts of research and practice by developing a StARS for
functioning outcomes based on existing research recommendations, and by devel-
oping respective implementation strategies for the practical context of Swiss nation-
al rehabilitation quality reviews.



Implementation and stakeholder involvement

As implementation is a key element of bridging research and practice, aspects of im-
plementation with focus on the development of implementation strategies through
stakeholder involvement, have been included in this thesis. Implementation is the
process of putting to use or integrating evidence-based interventions in a setting [12].
One important part of the implementation process is knowledge translation, a dy-
namic process that includes synthesis, dissemination, exchange and application of
knowledge, occurring within a complex system of interactions between researchers
and knowledge users [55]. Implementation of research findings into practice is nec-
essary in order to improve outcomes in health care [12]. Implementation and quality
improvement in health care are therefore highly correlated.

Both implementation and quality improvement involve the united effort of stakehold-
ers — health care professionals, patients and their families, researchers, payers, plan-
ers and educators — to bring health care towards better health [56]. Given its impor-
tance for implementation and quality improvement in health care, the interest in
bridging the work of research and practice through stakeholder involvement has
been growing [12].

As an extensive discussion of implementation would go beyond the scope of this the-
sis, it will draw attention to two implementation tools, whereby focusing on knowl-
edge translation and stakeholder involvement, i.e. stakeholder dialogues and policy
briefs (also referred to as stakeholder briefs) [57-59]. The application of both stake-
holder involvement tools is recommended to help ensure the sustainable uptake of
quality improvement across all three health system levels — micro, meso and macro-
and in support of a learning health system [10].

1.4 Outline of the thesis

Given that there is a need for a StARS for functioning outcomes and that the Swiss
context provides an interesting example for developing and implementing a StARS,
the objective of this doctoral thesis was to examine how an ICF-based and inter-
val-scaled StARS for functioning outcomes can be created and implemented in Swiss
national quality reviews in rehabilitation. The following four specific aims were de-
fined:

1) To examine whether the respective scores of the functioning assessment tools
used in national quality reviews in neurological and musculoskeletal rehabilita-
tion in Switzerland can be reported as unidimensional and interval-scaled met-
rics.

2) To create an ICF-based and interval-scaled common metric based on the func-
tioning assessment tools used in Swiss national quality reviews in musculoskel-
etal and neurological rehabilitation.

3) To examine the influence and added value of the ICF-based and interval-scaled
StARS on the current reporting of functioning outcomes in Swiss national reha-
bilitation quality reviews.

4) To develop strategies with relevant stakeholders for implementing the StARS in
national quality reviews in Swiss rehabilitation.



In order to achieve the objective and specific aims 1-3, four related studies were con-
ducted, resulting in peer-reviewed scientific publications (represented in Chapters
2-5). In order to achieve specific aim 4, a stakeholder dialogue was conducted, for
which a stakeholder brief was developed as a preparatory document. These stake-
holder involvement activities and their output were not prepared for scientific publi-
cation but described as part of this thesis in Chapter 6.

Data used in the thesis’ studies

To ensure that the resulting StARS is based on actual data from the Swiss national
quality reviews, the research team contacted all 64 clinics providing musculoskeletal
or neurological rehabilitation in Switzerland in 2016 to acquire data for use in the
studies. This is the official procedure when ANQ data is used for research [60]. Con-
sequently, we received the ANQ data from 29 rehabilitation clinics representing for
the German, French and ltalian-speaking regions of Switzerland and that include
more than 18’000 cases. Additionally, the data collected for the development of the
ANQ ADL score (265 cases) was provided by the ANQ and the five involved clinics for
use in the present thesis. For both, the overall doctoral project and the ANQ ADL
score study an ethics approval was granted from the respective Swiss Ethics Com-
mittees.

Studies 1 and 2: Examination whether FIM™ and EBI can be reported as unidimensional
and interval-scaled metrics

Studies 1 and 2 were related to specific aim 1, and had the objective to examine
whether the functioning assessment tools FIM™ (study 1) and EBI (study 2) used for
Swiss national quality reviews in neurological and musculoskeletal rehabilitation can
be reported as unidimensional and interval-scaled metrics. There is evidence that the
FIM™_  an internationally well-established and widely researched assessment tool
measures two different constructs i.e. a motor and a cognitive subscale, and should
therefore not be reported in the total score [61]. No such research has yet been con-
ducted about the EBI, a tool developed and used in the German-speaking context.
Studies 1 and 2 both used the same method: Rasch analysis [62-64] that employed
so called testlet approaches to accommodate local response dependency between
the items of the assessment tools [65]. Both studies were based on representative
calibration samples of musculoskeletal and neurological FIM™ and EBI data from the
29 participating Swiss rehabilitation clinics. The two studies represent the foundation
for the creation of the ICF-based interval-scaled StARS. Each study determined for
each assessment tool independently whether it is valid to report a single total score
for the respective tool, as it is currently reported by the ANQ [22]. Furthermore, each
study determined if it is possible to transform the ordinal scales onto interval scale
level.

Study 3: Creation of an ICF-based and interval-scaled common metric encompassing
FIM™ and EBI

This study was related to specific aim 2, i.e. the development of an ICF-based and in-
terval-scaled common metric, including FIM™ and EBI for the use in Swiss national
rehabilitation quality reviews. The common metric represents the core of a StARS.
The methodological approach of this study was based on the two key requirements
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for standardized reporting of health information [4]: 1) content equivalence and 2)
score equivalence. To determine whether the two assessment tools can be consid-
ered as equivalent in regards to their content ICF linking was applied [66]. To exam-
ine whether an interval-scaled reference metric including FIM™ and EBI can be es-
tablished the Rasch model and its requirements for scale equating were applied [62,
67]. The study was based on a secondary analysis of the sample of the 265 neurolog-
ical rehabilitation cases, used for the design ANQ ADL score. This sample of patients
was assessed with both assessment tools, i.e. a common person design [67, 68].
This study provides a concrete example of how an ICF-based and interval-scaled
common metric can be created with the ultimate goal of enabling the comparability
and aggregation of the outcomes of different rehabilitation clinics, resulting from the
use of different ADL assessment tools.

Study 4: Examination of the added value and the influence of the ICF-based and inter-
val-scaled StARS upon the current reporting of functioning outcomes in Swiss national
quality reviews

Study 4 was related to specific aim 3, i.e. to examine the added value and influence
of a StARS upon the reporting of functioning outcomes in national rehabilitation qual-
ity reviews. In addition to the creation of the ICF-based interval-scaled StARS, we
wanted to examine whether it makes a difference in the reported functioning out-
comes if the StARS’ common metric is applied compared to the current ordi-
nal-scaled reporting approach of the Swiss national quality reviews, using the ANQ
ADL score. Employing descriptive statistics, the methodological approach focused
on the effect of the StARS’ characteristics: the influence of the interval scale on the
clinics’ functioning outcomes [69, 70] and the added value of the ICF basis on the
further development of the current ANQ reviews based on relevant ICF Core Sets.
The study was based on 18047 complete musculoskeletal and neurological rehabili-
tation cases from the 29 participating Swiss rehabilitation clinics. It was conducted
as a preliminary step to prepare and inform related decisions regarding to the imple-
mentation of the developed StARS.

Stakeholder involvement: Development of strategies with relevant stakeholders for im-
plementing the StARS in Swiss national rehabilitation reviews

The approach of a stakeholder dialogue was chosen in order to reach specific aim 4,
i.e. the development of implementation strategies for the developed StARS together
with relevant stakeholders [57-59]. This also involved the development of a stake-
holder brief, an adapted version of a policy brief, as a short preparatory document to
provide all stakeholder dialogue participants information about the dialogue’s con-
tent, background, goals, processes and related research findings in a user-friendly
language The stakeholder dialogue aimed to inform relevant stakeholders about the
research project and to develop strategies for implementing a StARS for functioning
outcomes in Swiss national rehabilitation quality improvement. The 24 stakeholders
who participated in the one-day stakeholder dialogue in November 2019 were identi-
fied and contacted with the help of the NRP74 StARS project’s advisory board. The
participating stakeholders represented the federal offices of public health and statis-
tics, health care departments of cantons, patients, rehabilitation clinics and health
professionals, quality management organizations, financing institutions, rehabilitation

associations and research.
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Objective: Since the 1990s the Functional Indepen-
dence Measure (FIM™) was believed to measure 2
different constructs, represented by its motor and
cognitive subscales. The practice of reporting FIM™
total scores, together with recent developments in
the understanding of the influence of locally depen-
dent items on fit to the Rasch model, raises the ques-
tion of whether the FIM™ 18-item version can be re-
ported as a unidimensional interval-scaled metric.
Design: Rasch analysis of the FIM™ using testlet
approaches to accommodate local response depen-
dency.

Patients: A calibration sample containing 946 cases
of data from 11,103 patients undergoing neurologi-
cal or musculoskeletal rehabilitation in Switzerland
in 2016.

Results: Baseline analysis and the traditional testlet
approach showed no fit with the Rasch model. When
items were grouped into 2 testlets, fit to the Rasch
model was achieved, indicating unidimensionality
across all 18 items. A transformation table to con-
vert FIM™ raw ordinal scores to the corresponding
Rasch interval scaled values was created.
Conclusion: This study provides evidence that FIM™
total scores represent a unidimensional set of items,
supporting their use in clinical practice and outcome
reporting when applying the respective transforma-
tion table. This provides a basis for standardized re-
porting of functioning.

Key words: outcome assessment (healthcare); psychome-
trics; rehabilitation; activities of daily living; Rasch measure-
ment model; Functional Independence Measure.
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he primary outcome of rehabilitation is functioning
(1). In order to document and monitor functio-
ning, existing data collection tools can be used (2).

(LAY ABSTRACT )
The aim of this study was to look in detail at the FIM™,
an assessment tool often used for patients undergoing
rehabilitation. Some users report the FIM™ as 2 sco-
res: one related to motor tasks, the other to cognitive
tasks; others recommend reporting it as a single score
including both motor and cognitive tasks. This study ex-
plored whether it is statistically meaningful to sum all
the points into a single FIM™ total score. The results
support the current practice of summing the points into
a single total score for patients undergoing musculo-
skeletal and neurological rehabilitation. The results also
allowed an interval scale to be derived from the FIM™,
enabling a broad range of calculations to be made using
the FIM™ score, such as calculating the change in FIM™
outcomes from the time a patient is admitted to a reha-
Qilitation clinic until their discharge. )

The Functional Independence Measure (FIM™) is an
assessment tool that is widely used in rehabilitation
worldwide (3—6). The FIM™ is applied at the patient
level to measure change throughout rehabilitation,
at the institutional level to measure outcome quality,
and at the national level for performance reporting or
quality monitoring. Examples of use of the FIM™
are the reports of the Swiss National Association for
Quality Development in Inpatient Care (ANQ) (7),
the US model system for spinal cord injury (8) and
traumatic brain injury (9), the Canadian Institute for
Health Information (CIHI) (10), and the Australa-
sian Rehabilitation Outcome Centre (AROC) (11).
Furthermore, FIM™ measures can serve as a basis
for inpatient rehabilitation payment (12). As with any
assessment tool, in order to report valid total scores,
certain psychometric standards must be met, including
the assumption of unidimensionality. Furthermore, if
an assessment tool is used to calculate change scores,
it must be interval-scaled, rather than ordinal-scaled
(6, 13). The Rasch measurement model can be used
to examine assumptions such as unidimensionality or
local item dependencies. Where satisfactory fit of data
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to the model is achieved, an interval-scaled metric can
be derived from ordinal scales (14, 15).

Earlier analysis of the FIM™ using Rasch analysis
in the 1990s indicated that the FIM™ 18-item version
incorporates 2 different constructs, represented by a
motor scale and a cognitive scale, each of which should
be scored separately (16). However, in clinical practice
both the reporting of 2 separate motor and cognitive
total scores and the reporting of a single total score of
the FIM™_ is evident (7, 9, 11). Since this first Rasch
analysis of the FIM™, many others have been publish-
ed, mostly on its motor subscale (17), but also on
adaptations of the FIM™ (18, 19). More recently, the
issue of so-called local item dependency has received
attention (20). Local item dependency occurs when
instrument items remain correlated when conditioned
on the trait, what is functional independence in the
case of the FIM™. Local dependency is indicated by
significant correlation of the standardized analysis
residuals. Fit of the FIM™ motor scale to the Rasch
model has been shown to be seriously affected by local
item dependency, which, once accommodated, resulted
in adequate model fit (17).

Thus, given the recent methodological developments
with regards to addressing the issue of local depen-
dency in health scales, and inconsistency in reporting
the FIM™ in practice, a review of the FIM™ 18-item
version seemed appropriate, in order to address the
following question: Is it possible to add all FIM™
items together to obtain a valid unidimensional total
score, taking into account the local dependency in its
item set? The objective of this study was therefore to
revisit the question of whether the FIM™ can be re-
ported as a unidimensional interval-scaled metric when
local dependency is taken into account. Two specific
aims in relation to the study’s objective were: (i) to
explore the metric properties of the FIM™; and (ii) to
determine whether an interval-scale scoring system of
the FIM™ 18-item version can be made available and,
if so, to create an interval-scale transformation of the
FIM™ raw scores when administered in the context
of national quality monitoring in neurological and
musculoskeletal rehabilitation.

METHODS

Subjects and setting

Data collected routinely for the Swiss national quality reporting,
coordinated by the ANQ, was used for secondary analysis. All
64 Swiss rehabilitation clinics that provided data to the ANQ
in 2016 for musculoskeletal or neurological rehabilitation were
contacted, of which 30 voluntarily agreed to provide their ANQ
datasets. Since the clinics can choose between different assess-
ment tools in ANQ data collection, not all datasets contained
FIM™ data. Thus, this study used datasets from 23 rehabilitation

www.medicaljournals.se/jrm

clinics, with 11,103 complete cases in total, representative of
3 different Swiss language regions (German, French, Italian).
The FIM™ was administered at admission and discharge. Ethics
approval for the study was requested from the Swiss Ethics
Commissions, which stated in a declaration of no objection that
the project fulfils the general ethical and scientific standards for
research with humans and poses no health hazards.

Functional Independence Measure

The FIM™ is an assessment tool comprising 18 items. Thirteen
items belong to the motor subscale and 5 items belong to the
cognitive subscale. All items are scored from 1 (total assistance)
to 7 (complete independence). The FIM™ item scores are sum-
med up to a total score, ranging between 18 and 126, or total
motor score ranging between 13 and 91 and between 5 and 35
for the cognitive total score (4). The ANQ used German, French
and Italian translations of the FIM™ based on its official English
version, on which a translation agreement was made with the
Uniform Data System for Medical Rehabilitation (UDSMR).
As this is common practice, the translations have not been
authenticated by the UDSMR. In order to qualify to administer
the FIM™ | the health professionals received training provided
by the ANQ according to the respective UDSMR policy.

Sampling

Arandom stratified calibration sample was created using R (21),
since type I errors, i.e. rejecting a hypothesis even if it was true,
are likely to appear with a large sample size in Rasch analysis
(22). The aim was to create a sample of approximately 1,000
cases, representing 4 equally sized subsamples, each with suf-
ficient sample size for a stable item calibration and statistical
interpretation (23, 24). Each subsample focused on one of the 2
different time-points of measurement, and one of the 2 different
health condition groups of musculoskeletal and neurological
rehabilitation: musculoskeletal cases at admission (MSKt1),
musculoskeletal cases at discharge (MSKt2), neurological cases
at admission (NEURt1) and neurological cases at discharge
(NEUR(t2). To obtain precision across the whole range of scores
(total score range 108; 18—126) and representation of language
regions, a random sample was taken from each available total
score per subsample and language region group. Cases that
were selected from the admission subsamples were excluded
and not selected for the discharge subsamples (25). Prior to the
random selection all cases with missing values in a person’s
contextual factors of interest (described in more detail below)
and all cases that scored an extreme score (18 or 126), were
deleted, since they are excluded from the calculation of item
difficulties by the Rasch measurement model. The sampling
strategy is shown in Fig. 1.

Data analysis

To summarize basic sample characteristics and response dist-
ributions of the FIM™, descriptive statistics were conducted
with Stata Version 14.2 (26). In order to achieve the study’s first
specific aim Rasch analysis was conducted using RUMM2030
(27). The analytical focus gave reference to local response
dependency represented by residual correlations. High residual
correlations indicate that items are measuring the same thing too
closely (13). Furthermore, threshold disordering was examined,
which indicates that the different response categories of an item
are not in a successive order, i.e. do not represent an increasing
level of functional independence. In addition, differential item
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Fig. 1. Flow chart calibration sample with 3 different aggregation levels. FIM: Functional Independence Measure.

functioning (DIF) was evaluated, which indicates that, while
accounting for the trait, an item works differently for certain
groups defined by a contextual factor, such as gender or age.
The partial credit model was applied, which has been shown
previously to be the appropriate parametrization for the FIM™
(17, 28).

Baseline analyses

The baseline analysis tested how well the observed data from
all 18 items fit the Rasch model (15). To do so, the individual
and overall item-fit, the person-fit, the reliability indices a and
person separation index (PSI), and the y? p-value of the item-
trait interaction standing for the fit of the data to the Rasch
model were ascertained. The respective acceptable levels are
represented in the bottom line of the corresponding results ta-
ble. In addition, local response dependency among items was
scrutinized, along with threshold disordering of item categories,
and DIF for the following 7 factors: gender, age (4 age groups
according to the interquartile ranges), nationality (Swiss or
other), insurance (general, semi-private, private), rehabilita-
tion group (neurological or musculoskeletal rehabilitation),
clinic language (German, French or Italian) and time-point
of measurement (admission t1, discharge t2). Both individual
item-fit and DIF analyses p-values are Bonferroni adjusted in
the RUMM?2030 software.

Testlet approaches

Where the local independence assumption of the Rasch model
was not met, testlet approaches were applied. A testlet is a simple
sum score from a set of associated items, making the set into a

single new “super”-item in order to absorb their dependencies
(20, 29-31). The creation of testlets revealed positive results
in earlier Rasch analyses of the FIM™ motor scale (17). Two
different testlet approaches were used: one approach, refer-
red to as traditional testlet approach, creating testlets oriented
at conceptually associated items and based on their residual
correlations (32). By grouping similar items into super-items,
such as, for example, all the transfer items of the FIM™ | this
traditional testlet approach highlights the potential differences,
e.g. dimensionality between testlets unifies similar items, such
as “self-care” or “transfer”. The other approach, referred to
as alternative 2-testlet approach, divides conceptually similar
items into 2 distinct testlets of equal size, taking alternative
items in each testlet. This approach focuses on the total score
of the FIM™ rather than the single items or groups of items by
emphasizing the similarity of the items, as together they should
measure the concept of functional independence. In delivering a
bi-factor equivalent approach, the alternative 2-testlet approach
has the advantage of creating testlets of equal size, as recom-
mended by Andrich (29). Another advantage of the 2-testlet
approach is that it allows for a conditional test of fit. Further-
more, all testlet-based approaches allow the calculation of the
“explained common variance™” attributable to the general “first
factor”, indicating the proportion of variance retained to create a
unidimensional latent estimate (29). Acceptable values of these
additional statistics are indicated at the bottom of the respective
testlet result table. The analysis of threshold disordering is not
meaningful at the level of testlets, as a particular score can be
derived in a number of ways, and is therefore not reported.

To ensure robustness of the results, the baseline analysis
and the best-fitting testlet approach was conducted at 3 le-
vels of aggregation of the calibration sample (see Fig. 1). In
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Level 1 all 4 subsamples were analysed separately (MSKt1,
MSKt2, NEURt] and NEURt2). In Level 2 the rehabilitation
group and time-point subsamples were aggregated respectively
(MSKt1&t2, NEURt1&t2, tIMSK&NEUR, t2MSK&NEUR).
Level 3 represents the aggregation of all 4 subsamples, i.e. the
entire calibration sample (FIM_all). Together, these 3 aggrega-
tion levels resulted in 9 analysis steps.

For both testlet approaches, the emphasis is on making exis-
ting assessment tools work without the need to delete items or
change the scoring structure.

Differential Item Functioning strategy

DIF was analysed in situations in which local dependencies
could be accommodated satisfactorily with testlets. Where a
lack of group invariance was observed, the testlets for the con-
textual factor were split on the basis of the strongest DIF, and
continued until no further DIF was present (33). The split and
unsplit solutions were then compared with each other on the
basis of the Rasch person estimates, anchored to each other with
an unsplit item free of DIF. An effect size calculation, based on
the mean of the person estimates, their standard deviations, and
the correlation of the split and unsplit version (34) was applied
to determine whether DIF split was necessary for the final
transformation table. If the effect size was below 0.2, DIF was
considered small (35) and no action was taken to adjust for DIF.

Transformation table

The second specific aim of this study was to develop a transfor-
mation table in case fit to the Rasch model could be achieved.
The solution with the best fit to the Rasch model was taken as
a basis for this transformation, i.e. the solution with the most
satisfactory core values for the entire calibration sample. The
transformation table from FIM™ raw ordinal total scores to the
corresponding interval-scaled values was based on the respec-
tive estimates according to the Rasch model.

Table I. Functional Independence Measure (FIM™) baseline analyses

RESULTS

Sample characteristics

The calibration sample included 946 cases. Of these,
476 were musculoskeletal cases and 470 neurological
cases. A total of 474 cases were from time-point 1 ad-
mission, and 472 from time-point 2 discharge (see Fig.
1). FIM™ total scores had a mean of 81.7 (standard
deviation (SD)=27.5, median=84). The mean age
of subjects in the calibration sample was 71.6 years
(SD=14.5,20-102 years). The calibration sample was
43% (n=403) male and 57% (n=>543) female; 41%
(n=392) were from the German-speaking region of
Switzerland, 25% (n=238) from the French-speaking
region and 34% (n=316) from the Italian-speaking re-
gion; 84% (n=798) of the sample were Swiss and 16%
(n=148) had another nationality. Insurance status was:
67% (n=633) general, 18% (n=172) semi-private, and
15% (n=141) private.

Baseline Rasch analysis

In the 9 baseline analysis steps across the 3 aggregation
levels of the calibration sample, no fit to the Rasch mo-
del was achieved (Table I). In all analyses the p-values
of the item-trait x> were significant. Furthermore, in
all analysis steps there were items that showed local
dependencies among each other, DIF and threshold
disordering. Information on threshold disordering and
local dependency of the baseline analyses are shown
in Appendix S11.

'http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2525

Item-fit residuals
Mean (SD)

Person-fit residuals

Sample n/CI Mean (SD)

¥% p-value PSI

Paired t-test

DIF (items) (Lower ci %), %

MSK_t1 246/4 0.193 (2.496) -0.183 (1.304)

MSK_t2
MSK_all

230/4
476/8

0.098 (2.191)
0.193 (3.255)

-0.165 (1.359)
-0.155 (1.280)

0.000

0.000
0.000

0.961 0.967 age (M), language (A, B,
D, F, L R)

language (B, D, F, L, N, P)
gender (Q), age L, N),
language (B, C, D, F, H, L,
M, N, Q, R), time-point (L,
M, N, 0)

9.8 (0.0)

0.966
0.963

0.968
0.967

17.4 (0.0)
16.2 (0.0)

NEUR_t1
NEUR_t2
NEUR_all

t1_all

t2_all

FIM_all

Acceptable values

228/4
242/4
470/8

474/8

472/8

946/10

-0.046 (3.559)
-0.461 (3.449)
-0.369 (4.919)

0.101 (4.274)

-0.284 (3.957)

-0.077 (5.779)

SD <1.4

-0.314 (1.745)
-0.358 (1.595)
-0.349 (1.678)

-0.239 (1.609)

-0.293 (1.553)

-0.265 (1.609)

SD<1.4

0.000
0.000
0.000

0.000

0.000

0.000

>0.01

0.964
0.964
0.963

0.96

0.964

0.962

>0.7

0.972
0.973
0.972

0.968

0.971

0.969

>0.7

language (Q)

No DIF

language (D, F, M, N, P, Q),
time-point (L)

age (F, I, J, N, Q R),
language (B, D, F, L, N, Q),
rehab-group (C, E, K, M, O,
P, Q R)

language (B, D, M, N, Q),
rehab-group (C, E, K, L,
0,P Q)

gender (L), age (N, 0),
language (B, D, F, H, L, M,
N, Q, R), nationality (Q),
insurance (O), time-point
(L, M), rehab-group (C, E,
K, L, M, 0,PQR)

No DIF present

17.1 (14.3)
15.3 (12.5)
15.3 (13.3)

12.9 (10.9)

13.1 (11.2)

11.1(9.7)

At least Lower ci <5

MSK: musculoskeletal rehabilitation; NEUR: neurological rehabilitation; t1: admission; t2: discharge; all: combination of time-points and/or rehabilitation-groups; n:
sample size; CI: class intervals; SD: standard deviation; PSI: Person separation index; a: Cronbach’s alpha; DIF: differential item functioning; ci: confidence interval.
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Testlet approaches

Within the traditional testlet approach 3 different ver-
sions of testlet combinations were applied, based on the
underlying subscale structure of the FIM™. Two ver-
sions included 4 testlets for the motor scale, structured
according to the FIM™ subtopics (self-care, sphincter
control, transfers, locomotion) together with 2 combi-
nations of the cognitive items. In one version all the
cognitive FIM™ items were unified in one testlet, since
they all showed local dependency among each other at
the baseline analysis, resulting in a total of 5 testlets.
In the other version, the cognitive items were split
thematically according to the FIM™ subtopics into 2
testlets, communication and social cognition, resulting
in a total of 6 testlets. The third version attempted to
form similar sized testlets and was oriented at the
residual correlations between the items and formerly
reported clusters of the FIM™ (29, 36). In this version,
3 testlets were created: a self-care testlet incorporating
items A—H, a mobility testlet incorporating items I-L,
and a cognitive testlet incorporating items M—R. None
of the 3 traditional testlet approaches, the 3-testlet, the
5-testlet and the 6-testlet version, resulted in fit to the
Rasch model (see Table II).

In contrast, the alternative 2-testlet approach (with
Testlet] containing items A, C, E, G, I, K, M, O and
Q, and Testlet2 containing items B, D, F, H, J, L, N, P
and R) showed fit to the Rasch model across all 9 ana-
lyses steps. The p-values from the item-trait x> were all
non-significant at the 0.01 level, the reliability indexes
all above 0.9, and the item- and person-fit estimates

FIM™ internal construct validity revisited 197

within the set acceptable values. The expected common
variance values retained in the latent estimate were
all just above 1, indicating some marginal remaining
residual local dependency among the testlets. The fit
of all testlet solutions is summarized in Table II, and
the application of the 2-testlet approach to all aggre-
gation levels of the calibration sample is shown in
Appendix S2%.

Differential Item Functioning strategy

Despite overall fit, some DIF remained in the 2-testlet
solution for the whole calibration sample. For elimi-
nating all DIF, the successful 2-testlet solution of the
whole calibration sample had to be split twice. Testlet2
first had to be split by rehabilitation group. Secondly,
the group of musculoskeletal rehabilitation from Test-
let2 had to be split into the 2 time-points, i.e. admission
and discharge. This resulted in the following super-
items: Testletl, Testlet2 NEUR, Testlet2 MSKt1,
and Testlet2 MSKt2. Testlet]l was the anchor for the
comparison of the person estimates of the split and the
unsplit version. The effect size calculation resulted in
0.11 (see Appendix S3"), indicating that there was no
need to split the final interval-scale transformation into
different subgroups.

Transformation table

Based on the 2-testlet solution, an interval-based
transformation table was created for all available
FIM™ total scores, which can be used to transfer the

Table II. Testlet solutions on the level of the whole calibration sample (FIM_all)

Item-fit Person-fit
residuals residuals 2
n/CI Testlets (items) Mean (SD) Mean (SD)

p-value PSI «

Paired Cond. test of

DIF (Testlet) A t-test, % fit CI based

946/10 6 Testlets:

Self-Care (A-F), Sphincter
Control (G-H), Transfers
(I-K), Locomotion (L-M),
Communication (N-O),
Social Cognition (P-R)

-0.156 (5.077) -0.426 (1.200) 0.000

5 Testlets:

Self-Care (A-F), Sphincter
Control (G-H), Transfers
(I-K), Locomotion (L-M),
Cognition (N-R)

946/10 -0.010 (7.046) -0.360 (1.138) 0.000

946/10 3 Testlets:
Self-Care (A-H), Mobility

(I-M), Cognition (N-R)

-1.419 (6.894) -0.502 (1.049) 0.000

946/10 2-testlets:

Testlet1 (A, C, E, G, I, K,
M, O, Q), Testlet2 (B, D, F,
H,J, L N, P, R)

Acceptable values

-0.208 (0.317) -0.614 (1.003) 0.408

SD <1.4 SD<1.4 >0.01

0.906 0.887 gender (T6),
age (T2),
language (T1, T2, T3, T4,
T5, T6),
insurance (T1, T5),
time-point (T2, T4, T5),
rehab-group (T1, T3, T4,
T5, T6)
0.895 0.878 age (T2, T5),
language (T1, T2, T3, T4,
T5),
nationality (T5),
insurance (T1),
time-point (T2, T4),
rehab-group (T3, T4, T5)
0.838 0.859 gender (T2, T3),
age (T1), language (T1, T2,
T3), nationality (T1, T3),
insurance (T1),
time-point (T2),
rehab-group (T2, T3)
0.980 0.981 rehab-group (T1, T2) 1.019 4.97

0.942 1.27 Only available

for the 2-testlet
approach

0.930 1.16

0.871 1.27

0.607

>0.7 >0.7 No DIF >0.9 <5.00 >0.01

FIM all: Functional Independence Measure; all: combination of time-points and rehabilitation-groups; n: sample size; CI: class intervals; SD: standard deviation;
PSI: person separation index; a: Cronbach’s alpha; A: explained common variance; DIF: differential item functioning.
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Table III. Functional Independence Measure (FIM™) total score
transformation table: original scores to interval scores

Original Original

FIM™ Rasch  Transformed FIM™ Rasch  Transformed
score estimate interval score score estimate interval score
18 -6.279  18.0 73 0.169 75.7
19 -5.686 23.3 74 0.232 76.3
20 -5.281  26.9 75 0.295 76.9
21 -5.005 29.4 76 0.358 77.4
22 -4.784 31.4 77 0.422 78.0
23 -4.594 33.1 78 0.485 78.6
24 -4.423 34.6 79 0.548 79.1
25 -4.263 36.0 80 0.612 79.7
26 -4.112 37.4 81 0.677 80.3
27 -3.966  38.7 82 0.741 80.9
28 -3.824  40.0 83 0.806 81.4
29 -3.686 41.2 84 0.871 82.0
30 -3.552 42.4 85 0.937 82.6
31 -3.420 43.6 86 1.004 83.2
32 -3.291 44.8 87 1.071 83.8
33 -3.166 45.9 88 1.139 84.4
34 -3.043 47.0 89 1.208 85.0
35 -2.923 48.0 90 1.277 85.6
36 -2.807 49.1 91 1.347 86.3
37 -2.693 50.1 92 1.418 86.9
38 -2.582 51.1 93 1.491 87.6
39 -2.473 52.1 94 1.564 88.2
40 -2.367 53.0 95 1.638 88.9
41 -2.264 53.9 96 1.714 89.6
42 -2.163 54.9 97 1.791 90.3
43 -2.064 55.7 98 1.869 90.9
44 -1.968 56.6 99 1.949 91.7
45 -1.874 57.4 100 2.030 92.4
46 -1.783 58.3 101 2.113 93.1
47 -1.693 59.1 102 2.197 93.9
48 -1.605 59.8 103 2.283 94.7
49 -1.519 60.6 104 2.371 95.4
50 -1.435 61.4 105 2.461 96.2
51 -1.353 62.1 106 2.553 97.1
52 -1.273 62.8 107 2.647 97.9
53 -1.194 63.5 108 2.742 98.8
54 -1.116  64.2 109 2.840 99.6
55 -1.041 64.9 110 2,941 100.5
56 -0.966 65.6 111 3.043 101.5
57 -0.893 66.2 112 3.148 102.4
58 -0.821 66.9 113 3.256 103.4
59 -0.750 67.5 114 3.365 104.3
60 -0.680 68.1 115 3.478 105.4
61 -0.611  68.7 116 3.593 106.4
62 -0.543 69.4 117 3.712 107.4
63 -0.476 70.0 118 3.834 108.5
64 -0.409 70.6 119 3.963 109.7
65 -0.343 71.1 120 4.098 110.9
66 -0.278 71.7 121 4,245  112.2
67 -0.213 72.3 122 4,410 113.7
68 -0.149 72.9 123 4,605 115.4
69 -0.085 73.5 124 4,853 117.7
70 -0.021  74.0 125 5.225 121.0
71 0.043 74.6 126 5.784 126.0
72 0.106 75.2

ordinal-scaled FIM™ raw scores into interval-scaled
FIM™ scores (see Table I11).

DISCUSSION

This is the first study to provide evidence of the unidi-
mensionality of the FIM™ 18-item version when admi-
nistered to neurological and musculoskeletal patients
in an inpatient rehabilitation setting. Although the

www.medicaljournals.se/jrm

baseline analyses and the traditional testlet approaches
did not result in Rasch model fit, an alternative 2-testlet
approach, emphasizing the sameness of the FIM™
items with 2 equally sized super-items, achieved mo-
del fit. The robustness of these results was confirmed
in repeating the same strategy for all subsets of the
calibration sample. These results provide evidence for
the internal construct validity of the FIM™ total scores
based on 18 items, and thus support its reporting as
a total score in clinical practice. Based on the current
results, an interval-scale transformation table of the
FIM™ total scores for use in national quality moni-
toring for neurological and musculoskeletal patients
could be provided.

The traditional testlet approach applied in this study
builds on the successful Rasch analysis strategy for
FIM™ motor items (17). Nevertheless, when adding
the cognitive item set to the motor items, the 4 testlet
solution in the original paper could not be confirmed in
this study. Highlighting the sameness of all the items
through the 2-testlet approach attained model fit. The
assumption of multidimensionality is often pursued
in FIM™-related Rasch analyses (36). The extent of
local dependency among the 18 items, clustered into
the underlying structures raises questions as to whether
the FIM™ should a priori be divided into multidimen-
sional concepts, as proposed by Linacre and colleagues
(16). The successful summation of the 18 FIM™ items
in the current study places emphasis on the higher order
construct of functional independence, incorporating
both motor and cognitive aspects. Likewise, the Rasch
analysis performed supports the theory that, when
activities of daily living are observed, motor activities
reflect some cognitive aspects and vice versa (18, 37).
From a clinical perspective, the FIM™ offers different
levels of granularity for reporting. Scores can be repor-
ted at the level of the single items, the item headings,
e.g. sphincter control, on the level of the motor and
cognitive subscales, or the level of the overall 18-item
summary of functional independence. Thus, different
granular levels of reporting are available, depending
upon the use required.

The study can be also be seen as initial evidence
that the German, French and Italian translations of
the FIM™ do not substantially differ from each other,
given the absence of substantial DIF by language.
Furthermore, this study provides first evidence for
the internal construct validity of the FIM™ 18-item
version for musculoskeletal patients, given that no sub-
stantial DIF was present between the musculoskeletal
and the neurological rehabilitation group. Neverthe-
less, the use of cognitive items for a musculoskeletal
patient population within a national outcome report,
as in the ANQ, remains debatable, and care should be
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taken to consider whether only motor items should be
assessed. In the US model system for burn injury, for
example, only the FIM™ motor subscale is assessed
(38). However, with regards to the ageing population
and related comorbidity (39), both subscales may be
of interest in musculoskeletal patients.

This study has the limitations of secondary data
analysis. For example, there is a lack of information on
the accuracy and consistency of the data-entry process,
the selection of DIF factors was limited to the variables
of the dataset and the use of non-validated translations.
However, this design enabled a well-tailored calibration
sample to be obtained from a large sample size. Another
limitation is in the 2-testlet approach, which provides
the basis for the transformation table. On the one hand,
this approach was successful in attaining model fit. On
the other hand, the approach does not allow a statement
to be made about the hierarchy and difficulty of single
items or a conceptually related group of items, since it
focuses on the whole construct being measured through
the assessment tool. However, while, for the purpose
of quality or outcome reports, the FIM™ is based on
the total score or change scores, data collection is still
conducted on an item level, which allows clinicians to
gain insight into the development of a single patient in
a certain item or group of items, or to conduct a quality
check of scores at the item level if the FIM™ was, for
example, applied within a payment system.

The analysis of threshold disordering is also not pos-
sible with the testlet approach. Indeed, there is some
evidence that disordered thresholds can themselves be
caused by local dependency (20, 40). For example, if
items are analysed within their subscales, threshold or-
dering may appear correct, but become disordered when
subscales are summated together. Thus, it becomes
impossible to determine if disordered thresholds are a
consequence of local dependency, as the solution for
local dependency renders interpretation of traditional
thresholds invalid (20). Since the 2-testlet approach is
arelatively new one for health assessment tools, further
investigations are needed to confirm the influence of
local dependency on such matters. However, this ap-
proach has the advantage that the total scores of a well-
established and widely used assessment tool, such as
the FIM™, can be converted on an interval-scale level,
without deleting or re-scoring items.

We recommend the use of the interval transforma-
tion table provided in this study for neurological and
musculoskeletal patients for national rehabilitation
quality monitoring, in order to be able to calculate
interval-scaled patient change scores for the FIM™,
compared with its original ordinal scoring system (6).
Ifthe total scores are available in a digital format, as in
the ANQ datasets, transformation can be implemented
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easily in an electronic information system, by simply
re-coding the total scores according to the table pro-
vided in the results. This interval scoring system has
the advantage that it provides an important basis for
the application of a standardized reporting system for
functioning information (2, 41) in which the FIM™
could be integrated as a widely used instrument in
rehabilitation. This is beneficial, as the standardized
reporting of functioning information enables clinicians
to continue using currently implemented assessment
tools while also being able to compare and aggregate
the information within and across tools, institutions or
even countries. One caveat to this is that the interval-
scale transformation is actually measured with error,
as can be seen in its logit form in Appendix S4!.

In conclusion, the results of this study support the
internal construct validity of the FIM™ 18-item ver-
sion and, consequently, the reporting of its total score,
by applying the interval-scaled transformation table
provided in this study. The fact that all the variance
could be accommodated in the final estimate suggests
that previous reports of multidimensionality may have
been driven by a breach of the local independence as-
sumption. This supports the intention of its developers
and the way the FIM™ scores are used in clinical prac-
tice and in institutional and national monitoring. It is
recommended to use the interval-scale transformation
of'the FIM™ total score for national quality monitoring
for neurological and musculoskeletal patients, in order
to adequately report change scores in patients’ functio-
ning. Furthermore, interval transformation provides
a basis for integrating the FIM™ into a standardized
reporting system for functioning information.
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ABSTRACT

Background The Extended Barthel Index (EBI), consisting of
the original Barthel Index plus 6 cognitive items, provides a tool
to monitor patients’ outcomes in rehabilitation. Whether the
EBI provides a unidimensional metric, thus can be reported as
avalid sum-score, remains to be examined.

Objective To examine whether the EBI can be reported as un-
idimensional interval-scaled metric for neurological and mus-
culoskeletal rehabilitation.

Methods Rasch analysis of a calibration sample of 800 cases
from neurological or musculoskeletal rehabilitation in 2016 in
Switzerland.

Results In the baseline analysis no fit to the Rasch Model was
achieved. When accommodating local dependencies with a test-
let approach satisfactory fit to the Rasch Model was achieved,
and an interval scale transformation table was created.
Conclusion The results support the reporting of adapted EBI
total scores for both rehabilitation groups by applying the in-
terval scaled transformation table presented in this study.

ZUSAMMENFASSUNG

Hintergrund Der Erweiterte Barthel Index (EBI), der den
Barthel Index um 6 kognitive Items ergédnzt, ist ein Assess-
mentinstrument fir die Rehabilitation. Ob der EBI eine eindi-
mensionale Metrik liefert und somit als valider Gesamtscore
berichtet werden kann, ist unklar.

Ziel Untersuchung ob der EBI fiir die neurologische und
muskuloskelettale Rehabilitation als eindimensionale intervall-
skalierte Metrik berichtet werden kann.

Methode Rasch-Analyse einer Stichprobe von 800 neurologi-
schen und muskuloskelettalen Rehapatienten aus der Schweiz.
Ergebnisse In der Basisanalyse wurde keine Ubereinstimmung
mit den Annahmen des Rasch-Modells erreicht. Nachdem
lokale Item-Abhdngigkeiten mit 2 Testlets angepasst wurden,
wurde die Ubereinstimmung erreicht und eine intervall-
skalierte Transformationstabelle erstellt.

Konklusion Die Ergebnisse unterstiitzen die Verwendung eines
angepassten EBI Gesamtscores fiir beide Rehabilitationsgruppen
unter Anwendung derintervallskalierten Transformationstabelle.

* NRP74 StARS clinics: cereneo Schweiz — Robinson Kundert; Hopital du Val-

ais Spital Wallis, Centre Martigny, Sierre, Brig & Saint-Amé - Els De Waele;
Klinik Schonberg - Philipp Banz; Kliniken Valens, Rehazentrum Valens,
Rehazentrum Walenstadtberg & Rheinburg-Klinik - Stefan Bachmann,
Luzerner Hohenklinik Montana - Jean-Marie Schnyder, Reha Rheinfelden
- Thierry Ettlin
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Introduction

Functioning is the primary outcome in rehabilitation [1]. Global Ac-
tivities of Daily Living (ADL) assessment tools that aim to assess
functioning are essential for the documentation of the rehabilita-
tion progress and its outcome [2, 3]. Sum-scores of such ADL as-
sessment tools are commonly created by simply summing up the
scores of individual items, which often deliver only an ordinal scale
of a person’s dependency in ADL tasks. There is increasing evidence
that treatment decisions based on ordinal level scores can be mis-
informed [4] as ordinal-level scores can lead to under- or overesti-
mation of the treatment benefit of a person [5]. Therefore, it is es-
sential to transform ordinal measures into interval scales [6]. For
this purpose, valid assumptions such as unidimensionality and
group invariance need to be established [7].

This issue can be addressed by applying assessment tool data
to the Rasch Model. If fit to the Rasch Model can be achieved, and
assumptions of local independence and group invariance are sup-
ported, an interval-based scoring system can be developed [8].

The Extended Barthel Index (EBI) is such a global ADL tool that
is awell-established assessment tool in German speaking countries
at the patient, the institutional and the national level [9]. In Ger-
many the EBI is one of the assessment tools used within the ICD-
10-GM System as a tool to code restrictions in functioning, that can
be relevant for the DRG based payment system [10]. In Switzerland
the EBI is one assessment tool used for the national quality moni-
toring in rehabilitation from the National Association for Quality
Development in Hospitals and Clinics (ANQ) [11], part of the CHOP
(Swiss classification of treatments for national medical statistics)
[12] and will also be part of the DRG based payment system for re-
habilitation called ST Reha, that is to be implemented in 2022 [13].

The Extended Barthel Index (EBI) was developed in order to
widen the utility of the original Barthel index (BI) [9]. The original
Bl assesses 10 motor ADL items [14]. The extension of the EBI con-
sists of 6 additional cognitive items, of which 5 are adapted from
the FIM™ (Functional Independence Measure), and one - “Vision/
Neglect” - is unique to the EBI [9]. Thus, the EBI is a combination
of 2 of the most commonly used general outcome measures for re-
habilitation, the Bl and the FIM™ [15-18]. Due to its simpler rating
system and the elimination of some redundant FIM™ items the EBI
was recommended over the FIM™, as itincreases user-friendliness
and compliance [19]. While originally intended for patients with
multiple sclerosis, the EBI was also validated and is often applied
for other neurological patients, e.g., stroke, traumatic brain inju-
ry, or Parkinson’s disease [9, 19-23]. Even though the EBI is used
for high impact decisions at the patient, institutional and national
levels in German speaking countries, no work has been undertak-
en to-date to explore whether the EBI allows for the calculation of
valid sum scores, which would subsequently be eligible for a broad
range of statistical analyses. As long as we do not know whether
the EBI delivers an ordinal- or interval-scaled unidimensional met-
ric [24] change scores that are based on the EBI can be misleading
and have to be interpreted with caution.

Therefore, the objective of the current study was to examine
whether the properties of the EBI support its reporting as a unidi-
mensional interval-scaled metric, when administered for national
quality monitoring of patients functioning outcomes in neurologi-
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cal and musculoskeletal rehabilitation. This objective resulted in
two specific aims: 1) To explore the internal construct validity of the
EBI and Il) to determine if an interval-scale scoring system of the
EBI can be made available.

Methods

Subjects and Setting

We conducted a secondary analysis of data routinely collected for
the ANQ for national quality monitoring of rehabilitation clinics in
Switzerland. We contacted all 64 Swiss rehabilitation clinics which
provided musculoskeletal or neurological rehabilitation data to the
ANQ in 2016. Thirty clinics agreed to provide their datasets. As the
ANQ data collection permits clinics to choose between different
ADL assessment tools, not all datasets contained EBI data. For this
study we could include datasets from 10 Swiss rehabilitation clin-
ics containing EBI data with in total 5978 complete cases, repre-
senting the German and French Swiss language regions. The data-
setsincluded data of the EBl on item level, collected at 2 time points
- admission and discharge. Ethical approval of the study was re-
quested from all Swiss Ethic Commissions, which stated in a decla-
ration of no objection that the project fulfils the general ethical and
scientific standards for research with humans and opposes no
health hazards.

Measure

The Extended Barthel Index (EBI) is a clinician-administered scale
to assess a patient’s need for help with activities of daily living. It
consists of 16 items, 10 on physical functioning and 6 on cognitive
functioning [9]. The physical functioning items are those from the
original Barthel Index [14]: 1-Feeding, 2-Grooming, 3-Dressing,
4-Bathing, 5-Transfer, 6-Mobility, 7-Stairs 8-Toilet use 9-Bowel, and
10-Bladder. The 6 cognitive items are 11-Expression, 12-Compre-
hension, 13-Social interaction, 14-Problem solving, 15-Memory,
and 16-Vision/Neglect. Items 11-15 are adapted from the FIM™,
Only item 16 is unique in the EBI. Each item is scored from 0-4, re-
sulting in a total score of 64 [20]. Similar to the Bl, not all items rep-
resent all categories from 0-4, such as item 1-Feeding that can be
scored 0, 2, 3 or 4 (category 1 is missing) oritem 13-Social interac-
tion with categories 0, 2, 4 (categories 1 and 3 are missing). The
EBI was developed in German [9], the French translation of the EBI
used by the participating French speaking clinics, is a non-validat-
ed version created by the ANQ.

Sampling

Since a Rasch analysis with a larger sample size is prone to type 1
errors [25], a random stratified calibration sample was obtained
using R [26]. The calibration sample contained in total 800 cases,
consisting of 4 subsamples containing each 200 cases, each large
enough for statistical conclusions and stable item calibration
[27,28]. The 4 subsamples were chosen to equally represent the 2
rehabilitation groups and assessment time points: musculoskele-
tal cases at admission (MSKt1), musculoskeletal cases at discharge
(MSKt2), neurological at admission (NEURt1) and neurological
cases at discharge (NEURt2). Cases that were selected for the ad-
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mission subsamples were excluded to be selected for the discharge
subsamples [29]. Prior to the random selection we deleted all cases
with missing values in a variable of interest and all cases with ex-
treme scores (0 or 64) since they cannot be used to estimate item
difficulties by the Rasch Measurement Model [30]. In order to be
able to give a valuable statement about the whole range of possi-
ble total scores of the EBI and the 2 different language regions (Ger-
man and French) we randomly selected one of each available total
scores per subsample and language group. In order to reach 200
cases for each subsample, additional cases were selected by assign-
ing a higher selection probability to rarer total scores in order
to best represent the whole range of total scores of the scale. The
sampling strategy, with its different subsamples is represented in
»Online Appendix. 1.

Data analysis

We used descriptive statistics to summarize basic sample charac-
teristics and response distributions. In order to reach specific aim |,
Rasch analysis was conducted with the RUMM2030 software [31].
The Partial Credit Model was used, as the EBI has polytomous items
with varying lengths [32]. The non-continuous nature of the EBI
items response categories required recoding into subsequent cat-
egories suitable for the Rasch analysis, resulting in a raw adapted
total score ranging from 0-50. The conversion of the original scor-
ing (0-64) to the adapted EBI scoring (0-50) on an item basis is
presented in > Table 1.

Baseline analysis

To test how well the observed EBI data fitted the Rasch Model, we
conducted the baseline analysis on all levels of the calibration sam-
ple [33]. To do so we ascertained the person and item fit residuals,
the reliability indices o and the Person Separation Index (PSI), and
the chi? p-value of the item-trait interaction, with the respective
acceptable levels represented in the bottom line of the correspond-
ing result table. In addition we investigated local response depend-
ency among items, threshold disordering, and differential item
functioning (DIF) for 7 person factors: gender, age (four age groups
according to the interquartile ranges), nationality (Swiss or other),
insurance status (general, semi-private, private), rehabilitation
group (neurological or musculoskeletal rehabilitation), clinic lan-
guage (German or French) and time point of measurement (admis-
sion t1, discharge t2).

Testlet approaches

If the item local independency assumption was not met, testlet ap-
proaches combining items into super-items in order to absorb the
dependencies in the data were adopted [34-37]. The application
of testlets on a related assessment tool, more precisely the
FIM™[38] has shown to be an appropriate strategy when dealing
with the clustering of items in the underlying subscale structure.
In this study we applied 2 different testlet approaches.

Initially, a traditional testlet approach was adopted. This ap-
proach emphasises the underlying structure of motor and cogni-
tive items of the EBI. The creation of these testlets was furthermore
oriented towards existing local dependencies among items, indi-
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cated as standardized residual correlations [39]. Subsequently an-
other testlet approach, referred to as the alternative 2 testlet ap-
proach, was used to equally divide items from similar item groups
in 2 equally sized testlets, in order to emphasise the ‘sameness’ of
the total item set. This alternative testlet approach, which creates
2 super items, has the advantage of gaining access to additional fit
and unidimensionality statistics in RUMM2030 such as the condi-
tional test of fit comparing the observed data with the model ex-
pectations, while in the same time satisfying the prerequisite that
testlets should be equalin length [34]. Both testlet approaches also
allow to report the explained common variance associated with the
unidimensional latent estimate, obtained within a bi-factor equiv-
alentapproach [34]. The acceptable ranges of these additional sta-
tistics are as well indicated at the bottom line in the respective re-
sult table [40]. We did not report threshold disordering for the test-
let approaches, as it does not allow a meaningful interpretation.
To ensure robustness of the analyses, we conducted the base-
line analyses and the testlet approach indicating the best fit to the
Rasch Model at three aggregation levels of the calibration sample,
represented in > Online Appendix. 1. In Level 1 all four subsam-
ples were analysed separately (MSKt1, MSKt2, NEUR t1 and
NEURt2). In Level 2 the rehabilitation group and time point sub-
samples were aggregated separately (MSKt1&t2, NEURt1&t2, t1M-
SK&NEUR, t2MSK&NEUR). In Level 3 all data were combined, rep-
resenting the entire calibration sample (EBIall). Likewise, the 3 ag-
gregation levels resulted in nine analytical steps. Throughout, the
emphasis of the analyses was upon making the existing EBI work,
without the necessity of deleting items or changing its scoring
structure other than just making items have consecutive values.

DIF strategy

We analysed DIF in situations in which local dependencies could be
accommodated satisfactorily with testlets on the level of the whole
calibration sample (EBIall). If lack of invariance between different
DIF factors was observed, we split the testlets for the factor with
the strongest DIF first and continued, stepwise, until no further DIF
was present [41]. We conducted an effect size calculation in order
to determine if the splitting makes a substantial difference and
should be applied in the final transformation table. The effect size
calculation based on the Rasch person estimates from the split and
unsplit solutions with estimates from analyses anchored on a DIF
free testlet. The effect size calculation was based on the mean of
the person estimates, their standard deviations, and the correla-
tion of the split and unsplit version [42]. If the effect size was below
0.2, considered as a small effect size [43], no action was taken to
adjust the final transformation table for DIF.

Transformation table

In order to reach specific aim Il we sought to create a transforma-
tion table in the case that fit to the Rasch Model could be achieved.
Based on the solution with the best fit to the Rasch Model, repre-
sented by the most satisfactory core values for the whole calibra-
tion sample, we constructed an interval-based transformation table
of the ordinal adapted EBI total scores (0-50), based on the respec-
tive estimates according to the Rasch Model.
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»Table 1 Item Conversion on item level original scores (0-64) to the

adapted raw score (0-50).

No Items

1 Feeding
2 Grooming
3 Dressing
4 Bathing

5 Transfer
6 Mobility

7 Stairs

8 Toilet use
9 Bowels
10 Bladder
11 Expression

Maritz R et al. The Extended Barthel Index. Phys Med Rehab Kuror 2019; 29: 224-232
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»Table 1 (Continued).

No jtems EBI 0-64 EBI 0-50
Categories Categories
0 0
12 Comprehension !
3 2
4 3
0 0
13 Social interaction 2 1
4 2
0 0
14 Problem solving 2 1
4 2
0 0
1 1
15 Memory 2 2
3 3
4 4
0 0
16 Vision/ Neglect . .
4 3
Min 0 0
Max 64 50
Results

Sample characteristics

The calibration sample, containing 800 cases in total, contained
400 cases in each rehabilitation group (MSK, NEUR) and 400 in each
time point of assessment (admission t1, discharge t2) as defined
in the sampling criteria (> Online Appendix. 1). EBI sum scores (in
the 0-64 scoring) had a mean of 43.7 (SD =14.6, median=46). The
mean age of the selected cases of the calibration sample was 61
years (min=18, max=98). The calibration sample contained 53 %
(n=421) male and 47 % (n=379) female cases, 54 % (n =432) were
in the German-speaking region of Switzerland and 46 % (n=368)
in the French-speaking region, 82 % (n=659) of the sample were
Swiss and 18% (n=141) had another nationality. Insurance status
related to 80% (n=637) general, 11% (n=88) semi-private, and 9%
(n=75) private.

Rasch analysis

Baseline analyses

In the 9 baseline analysis steps no fit to the Rasch Model was
achieved (> Table 2). In all analyses the p-values of the item-trait
chi2 were significant. Furthermore, in all baseline analyses items
showed DIF, threshold disordering and local dependency among
diverse items. Threshold disordering and local dependency in the
baseline analyses are represented in » Online Appendix 2.

227



»Table 2 EBI baseline analyses with different aggregation levels of calibration sample.

Sam- n/cCl Item fit Person fit chi2 PSI a DIF (item No) Paired t-test
ple residuals residuals p-value (Lower ci %)
Mean (SD) Mean(SD)

MSKt1  200/3  -0.096(1.814) -0.438 (1.130) 0.000  0.861 0.856 gender (2), language (2,5,7,8,14,15,  7.5%(0.0%)
16), insurance (16)

MSKt2  200/3  -0.675(2.152) —0.169 (0.900) 0.000  0.849 0.902 gender (2, 16), age (2, 3, 13), language 10.0% (0.0%)
(2,4, 7,14, 16), nationality (11, 12)

MSKall ~ 400/6  -0.583(2.941) -0.310(1.063) 0.000 0.862 0.882  gender (2, 16), age (2, 3,), language (2,4,5, 9.3% (0.0%)
7, 8,10, 14, 16), nationality (11); insurance
(3), time-point (2, 3,5, 8, 10, 13, 14, 15)

NEURt1 200/3  -0.764(2.174) -0.310(1.025) 0.000 0911 0.941 age (4), language (3,4, 5, 8, 11, 14) 8.5% (5.5%)

NEUR2 200/3  -0.533(2.576) ~-0.307(1.175) 0.000 0918 0.918 language (3, 4, 11, 14), nationality (11),  10.0% (7.0%)
insurance( 3, 11)

NEURall  400/6  -1.009(3.371) -0.328(1.107) 0.000 0.913 0.941 age(3,4), language (2,3,4,5,8,11,13, 8.8%(6.6%)
14), nationality (11), insurance (3)

tlall 400/6  -0.639(3.109) -0.333(1.155) 0.000  0.895 0.914 age (4), language (2, 3,4, 5, 8, 10, 14, 9.3%(7.1%)
15, 16), rehab-group (1, 2, 3, 4,5, 8, 11,
13,14, 15, 16)

t2all 400/6  -0.801(3.101) -0.259 (1.084) 0.000 0.896 0.933 gender (2, 16), age (2, 3), language (2,3,4, 8.5% (6.4%)
7,14, 16), insurance (11), nationality (3,
11,12), rehab-group (1, 2, 3, 4, 14, 15)

EBlall  800/10 -1.083(4.451) —0.289(1.108) 0.000  0.896 0.924 gender (2, 16), age (2, 3, 4, 13, 16), 7.5% (6.0%)
language ( 2, 3,4,5,7,8,10,11, 13, 14,
16), nationality (3, 11), insurance (3, 16),
rehab-group (1, 2,3,4,5,11,12,13, 14,
15, 16), time-point (2, 3, 5, 7, 8, 14)

Acceptable values ~ SD<1.4* SD<1.4* >0.01 >0.7 >0.7 No DIF At least Lower

ci<5%

EBI=Extended Barthel Index, MSK=Musculoskeletal rehabilitation, NEUR = Neurological rehabilitationt1=admission, t2 =discharge, all =combination
of time-points or/and rehabilitation-groups, n=sample size, Cl=Class Intervals, SD =standard deviation, PSI=Person Separation Index, a=Cronbach’s
alpha, DIF = Differential Item Functioning, ci=Confidence Interval, * only applicable for analyses on the item level

Testlet approaches

The traditional testlet approach gave rise to 2 different options - a
4 and a 5 Testlets version of the EBI. For both options, the physical
disability items were divided into 3 Testlets, with Testlet1 Self-care
(including items 1-Feeding, 2-Grooming, 3-Dressing, 4-Washing),
Testlet2 Locomotion (including items 5-Transfer, 6-Mobility,
7-Stairs) and Testlet3 Toileting (8-Toilet use, 9-Bowels, 10-Bladder).
For the 4 Testlet version all 6 items of the cognitive scale were col-
lapsed into one testlet. In the 5 Testlet version, the cognitive items
were divided into the Testlet4 Communication (including items
11-Comprehension and 12-Expression) and Testlet5 (including
13-Social interaction, 14-Problem solving, 15-Memory and 16-Vi-
sion/Neglect). For both - the 4 Testlet and the 5 Testlet version, no
fit to the Rasch Model was achieved (> Table 3).

In the 2-testlet approach, the items were identified as thematic
subtopics and then divided equally into the respective 2 testlets:
Testlet1 containing items 1-Eating, 3-Dressing, 5-Transfer, 7-Stairs,
9-Bowels, 11-Comprehension, 13-Social interaction, 15-Memory
and Testlet2 containing items 2-Grooming, 4-Washing, 6-Mobili-
ty, 8-Toilet use, 10-Bladder, 12-Expression, 14-Problem solving,
and 16-Vision/Neglect.

228

With the 2-testlet solution, fit to the Rasch Model was achieved
across all nine analyses steps. The item-trait chi? statistics were
non-significant, the reliability indexes all above 0.85, and the item
and person fit estimates showed acceptable values. Furthermore,
the conditional test of fit also indicated fit at eight of the nine anal-
ysis steps. Most A-values were marginally above 1, indicating some
remaining local dependency among the testlets. The core values
of the testlet approaches for the whole calibration sample (EBIall)
are summarized in » Table 3. The core values for the other 8 sub-
samples of the successful 2-testlet solution can be found in »Online
Appendix 3.

DIF strategy

The DIF Strategy is presented in more detail in (> Online Appen-
dix 4). In order to solve the DIF in the fitting 2-testlet solution of
the whole calibration sample, Testlet2 was split four times result-
ing in the following 6 super-items: Testlet1, Testlet2_NEURgerman,
Testlet2_NEURfrench, Testlet2_MSKfrench, Testlet2_MSKgerman_
female, Testlet2_MSKgerman_male. Testlet1 was the anchor for
the comparison of the person estimates of the split and the unsplit
version. The resulting effect size amounted 0.09, indicating that

Maritz R et al. The Extended Barthel Index. Phys Med Rehab Kuror 2019; 29: 224-232
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»Table 3 Testlet approaches with whole EBI calibration sample (EBIall).
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there is no benefit in splitting the final interval scale transforma-
tion into different subgroups. (» Online Appendix 5)

Transformation table

Based on the 2-testlet solution an interval scale based transforma-
tion table was created for the EBI 0-50 total raw scores, that can
be used to transfer the ordinal EBI score into interval EBI scores,
when having data on the item level. This transformation is repre-
sented in > Table 4.

Discussion

Summary of findings

This study examined the psychometric properties of the EBI, pro-
viding first evidence of its internal construct validity for neurolog-
ical and musculoskeletal patients. Even though no fit to the Rasch
Model was achieved at the baseline analyses and with the traditional
testlet approaches, we could attain model fit by applying an alter-
native 2-testlet approach. The robustness of the fit was confirmed
at all three aggregation levels and subsets of the calibration sam-
ple. The evidence of the EBI’s unidimensionality, provides a state-
ment for the internal construct validity of and therefore the report-
ing of EBI total scores. Furthermore, this study provides an interval
scale transformation table of the EBI raw adapted total scores (from
0-50). To avoid bias in reporting change, it is necessary to use the
EBlinterval scores, as the transformation table shows that chang-
es of a patient at the ends of the score range would be underesti-
mated and changes happening in the middle of the score range
would be overestimated if the ordinal EBI raw scores were applied.
For example a patient with a EBI raw admission score of 25 and a
raw discharge score of 30 would resultin a change score of 5 on the
raw ordinal basis but only in a change score of 2.9 on the interval
level. The transformation table can also be applied for historical
analyses when having data on an item level, by applying the con-
version table (> Table 1). This study therefore further provides ev-
idence for the use of the EBl as an ADL assessment tool, consistent
with earlier findings [19].

The application of the 2-testlet approach, that divides similar
items equally into 2 clusters, highlighting the sameness of all the
items in an assessment tool, was successful in attaining model fit.
Noteworthy, this approach puts emphasis on a higher order con-
struct of the EBI, incorporating both motor and cognitive aspects,
and is the closest that a 2-testlet approach can get to the actual
total score. Still, the EBI can offer different levels of granularity: the
level of single items out of which some relate conceptually to each
other, e.g., item 6 Mobility and 7 Stairs, the level of sub-scales, e.g.,
the motor and cognitive subscales, and the level of the overall sum-
mary score, that is 16 items indicating the independence of a pa-
tient in ADL. Depending on the required use, all 3 levels of granu-
larity are available for reporting. In this study the focus was at the
level of the overall summary score - finally represented by 2 su-
per-items - to achieve fit to the Rasch Model.

Furthermore, this study offers first evidence for the EBI’s appli-
cation for other patients than neurological patients and it is the
firstinvestigation of its French translation [44]. The results support
that there is no substantial differential item functioning for the
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»Table 4 EBI Total Score Transformation Table — adapted 0-50 EBI
raw Scores to EBI Interval Scores.

Adapted raw Score
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Rasch Estimate

-5.358
-4.621
-4.075
-3.670
-3.340
-3.063
-2.823
-2.611
-2.416
-2.235
-2.064
-1.901
-1.745
-1.594
-1.449
-1.309
-1.173
-1.041
-0.912
-0.786
-0.662
-0.539
-0.418
-0.298
-0.178
-0.057
0.064
0.187
0.312
0.439
0.569
0.703
0.841
0.983
1.131
1.284
1.443
1.609
1.783
1.965
2.155
2.354
2.562
2.782
3.013
3.261
3.531
3.836
4.204
4.712
5.412

Transformed interval Score

0.0
34
6.0
7.8
9.4

10.7

11.8

12.8

13.7

145

15.3

16.0

16.8

17.5

18.1

18.8

19.4

20.0

206

212

218

224

22.9

235

24.0

24.6

25.2

25.7

263

26.9

27.5

28.1

28.8

29.4

30.1

30.8

31.6

323

33.2

34.0

34.9

35.8

36.8

37.8

38.9

40.0

413

4.7

44.4

46.7

50.0

musculoskeletal and the neurological group, and for the German and
the French speaking region of Switzerland. The invariance of the two
language versions supports the quality of the translations from its
original in German into French. Notwithstanding this, there remain
questions about the relevance of cognitive EBI items in the muscu-
loskeletal population, particularly the meaningfulness of the item
16-Vision/Neglect remains debatable. For more extensive evidence
on group invariance, e. g., regarding patient groups and the French
language edition of the EBI, further investigation would be needed.

Limitations of the study

The study brings the limitations of secondary data analysis, for ex-
ample the limited choice of the person factors for the DIF analyses
or the lack of information on consistency and accuracy of data
entry. The 2-testlet approach is new, and while it was successful in
attaining model fit, it loses the granularity of the individual item
approach, as no statement about the hierarchy and difficulty of sin-
gle items or a conceptually related group of items can be made an-
ymore. Of course this does not preclude the latter, but increasing-
ly evidence is emerging that health assessment tools violate the
local item independence assumption more often than not, and this
has a damaging effect upon traditional scale interpretation [38,45].
Thus it is difficult to see how some form of testlet solution could be
avoided. The 2-testlet approach has the advantage that the total
scores of a well-established assessment tool like the EBI can be con-
verted on an interval scale level, without deleting or rescoring items.

In addition, on the levels of the testlet approaches, the analysis
for threshold disordering is absent. There is some initial evidence
that threshold disordering can be caused by local dependency [36].
If this is the case, it becomes impossible to conclude if the thresh-
olds disordering is a consequence of local dependency or of it is
due to item interpretation. As an example, while item thresholds
are ordered within their subscales, thresholds can become disor-
dered when subscales are summated together. Further investiga-
tions will be needed to confirm the influence of local dependency.

Another general limitation is the potential ceiling effect for the EBI.
While the calibration sample used in the current study avoided that
problem, by focusing on a broad representation of the EBI score range.

Application in practice

The clinical and practical relevance of this study is twofold: First,
this study provides an empirical argument that the EBI items can
be summed up to a single total score. This might not appear sur-
prising since the single total score is widely used in practice. How-
ever, the unidimensionality of the EBI has not been proven empir-
ically before. This evidence supports the use of the EBI as an assess-
ment toolin practice. Second, the table to transform the raw score
into an interval-based score provided in this study for neurological
and musculoskeletal patients, allows for the monitoring of patient
changes in EBI scores over time in an empirically sound way. Such
monitoring is challenged when using the raw ordinal based EBI
scores. The transformation table therefore enables a sound com-
parison of patient or clinic outcomes, which is a key characteristic
for learning and improvement processes [46]. In addition, the in-
terval scoring provides an important basis for the application of a
standardized reporting system for functioning information [47], in
which the EBI as frequently used assessment tool in the German
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speaking area, could be included. This is beneficial as a standard-
ized reporting of functioning information enables clinicians to con-
tinue using assessment tools while still being able to compare and ag-
gregate the information within and across tools or institutions [47].

The 0-50 adapted raw scores proposed in this study can seem
confusing when clinicians want to interpret single EBI scores and
are used to the original 0-64 scoring system. However, as long as
the datais available on the item level in a digital format, this score
transformation can be implemented easily in the background of a
dataset by a simple look-up table to convert individual item score
back to the original, giving a 0-64 range.

Of note, for the EBI, there already exist different scoring systems.
The one thatis used in Germany in the ICD-10-GM system is differ-
ent from the one of the original EBI scoring system that was used
in this study, having different numbers of categories for certain
items and having different item category values ranging from 0-15
[10]. In order to create an interval transformation table for other
EBI scoring systems, the Rasch analysis would need to be repeated
with data collected with the different scoring systems. The strategy
applied in this study would give a good guidance to do so.

Conclusion

The results support the internal construct validity and therefore
also the unidimensionality of the EBI for the neurological and the
musculoskeletal rehabilitation groups and therefore the reporting
of an adapted raw EBI total score. In order to do so the Rasch trans-
formed and interval scaled EBI total scores ranging from 0-50 de-
veloped in this study should be used. This interval-based scoring
system of the EBI provides the basis to integrate the EBI in a stand-
ardized reporting system of functioning information.
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Objective: Many different assessment tools are used
to assess functioning in rehabilitation; this limits the
comparability and aggregation of respective data.
The aim of this study was to outline the development
of an International Classification of Functioning,
Disability and Health (ICF)-based interval-scaled
common metric for 2 1ent tools ing ac-
tivities of daily living: the Functional Independence
Measure (FIM™) and the Extended Barthel Index
(EBI), used in Swiss national rehabilitation quality
reports.

Methods: The conceptual equivalence of the 2 tools
was assessed through their linking to the ICF. The
Rasch measurement model was then applied to cre-
ate a common metric including FIM™ and EBI.
Subjects: Secondary analysis of a sample of 265
neurological patients from 5 Swiss clinics.

Results: ICF linking found conceptual coherency of
the tools. An interval-scaled common metric, inclu-
ding FIM™ and EBI, could be established, given fit to
the Rasch model in the related analyses.
Conclusion: The ICF-based and interval-scaled com-
mon metric enables comparison of patients’ and
clinics’ functioning outcomes when different activiti-
es of daily living tools are used. The common metric
can be included in a Standardized Assessment and
Reporting System for functioning information in or-
der to enable data aggregation and comparability.
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unctioning is the key indicator for rehabilitation as a
health strategy (1). In order to strengthen rehabilita-
tion it is essential to integrate functioning information,
through the WHO’s International Classification of
Functioning, Disability and Health (ICF), into national
health information systems, including reports on health-

(LAY ABSTRACT N
In our study we developed a common metric serving as
a neutral comparator of two assessment tools which are
used for assessing activities of daily living in rehabilita-
tion patients in Switzerland. This common metric enables
clinicians to use different established assessment tools
assessing the same information, while being able to com-
pare the respective information from those different sca-
les on a larger level e.g. comparisons across clinics using
different tools. This study is based on the example of
Switzerland, where rehabilitation clinics can choose one
of two measurement tools assessing activities of daily li-
ving, to report their outcome quality. With the common
metric, the results from all the clinics can be compared
with each other, no matter what tool was used for the as-

Qessment, enabling learning and improvement processesy

care quality (2—4). Functioning information, including
information on activities of daily living (ADL), is often
collected using a variety of assessment tools, which can
limit comparability across patients and clinics (5). Two
prominent examples of such tools are the Functional
Independence Measure (FIM™) and the Barthel Index
(BI) (6, 7). Noteworthy, of these well-established tools
there are many country and rehabilitation group adapted
versions, such as the Extended Barthel Index (EBI) (8),
the Modified Barthel Index (9) and the United Kingdom
Functional Assessment Measure (UK FIM+FAM) (10).
While all of these assessment tools focus on ADLs, their
items and scoring structures differ.

There are 2 options for enhancing the comparability
of functioning information: first, to define a single as-
sessment tool as the standard, and, secondly, to establish
a transformation system between existing established
assessment tools. The first option would be difficult
to achieve, as there are various reasons for the hetero-
geneity of the assessment tools in use, such as clinical
utility and clinic-specific standards. The latter option,
in which a common metric for functioning information
is developed, to enable comparison and aggregation of
information collected with different tools that measure
the same concept, is more feasible (5, 11-15). For this
purpose, a Standardized Assessment and Reporting

This is an open access article under the CC BY-NC license. www.medicaljournals.se/jrm
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System (StARS) for functioning information, with an
ICF-based interval-scaled neutral common metric as
core element, would enable clinicians to continue using
different assessment tools, while at the same time ena-
bling the aggregation and comparison of conceptually
equivalent information (5, 13). This common metric
could serve as a reporting reference, e.g. for national
rehabilitation quality reports, allowing for comparisons
between institutions using different tools. A common
metric also allows for the transformation of the score of
one tool into the score of another conceptually equiva-
lent tool. Furthermore, it provides a transformation of
the ordinal-scaled ADL scores to an interval-scale level,
which is required to calculate means and change scores
between admission and discharge (16).

In order to demonstrate how a StARS of functio-
ning information can be established, this paper takes
Switzerland’s national rehabilitation quality reports
as an example, providing a simplified illustration for
the heterogeneous landscape of assessment tools. For
Swiss national quality reports in musculoskeletal and
neurological rehabilitation, clinics can choose to report
with the FIM™ or the EBI, but this impedes the com-
parison of clinics that use different assessment tools.

Earlier research by Prodinger et al. provided a score
transformation of the FIM™ 13-items motor score and
the BI on the basis of the Rasch model (17). While the
FIM™ 13-item motor scale has been studied extensively
(18), its 5 items of cognition have received less atten-
tion. Nevertheless, cognitive impairment is important in
neurological disorders (19). The importance of cognition
was the reason for development of the EBI, extending
the BI with 6 cognitive items (8). The current paper
therefore seeks to build on the evidence established
by Prodinger et al. regarding the motor scales of these
2 assessment tools (17), using the same psychometric
approach, but extending it to the 2 assessment tools’
versions, including cognitive items. Furthermore, this
paper provides a concrete example of how an ICF-based
and interval-scaled common metric as a core of a StARS
(5), can be created, so that the outcomes of different
rehabilitation clinics, using different assessment tools
assessing ADLs, can be compared and aggregated.

The objective of this study was to create an ICF-
based interval-scaled common metric as a core ele-
ment of a StARS for functioning information, based
on the example of Swiss national quality reports.
The approach included the assessment of the 2 key
requirements for standardized reporting of health in-
formation: (i) to determine whether the 2 assessment
tools can be considered conceptually equivalent, and
(if) to examine whether a reference metric including
the FIM™ and EBI can be established by applying the
Rasch model (20).

www.medicaljournals.se/jrm

METHODS

Setting and subjects

In Switzerland, the National Association for Quality Development
in Hospitals and Clinics (ANQ) coordinates the measurement and
public reporting of outcome quality indicators for all rehabilita-
tion clinics (21). For this purpose, functioning information from
every patient in neurological and musculoskeletal rehabilitation
is collected. Clinics can choose 1 of the 2 tools, either the FIM™
(18-item version) or the EBI for this part of the data collection. To
overcome the issue of comparability, the ANQ has commissioned
the development of an expert-based transformation algorithm of
the 2 assessment tools, called the ANQ ADL Score. In order to
create and validate the expert-based transformation algorithm, the
Institute of Medical Sociology and Rehabilitation Science from
the Charité — Universititsmedizin Berlin, Germany conducted
the respective study from 2015 to 2017 (22). The validation
sample included 265 patients undergoing neurorchabilitation
from 5 Swiss rehabilitation clinics, representative of the whole
continuum of score ranges of the 2 assessment tools. All patients
were assessed at admission with both assessment tools, effectively
providing a reliable basis for scale-equating procedures, i.e. a
common person design (23, 24). Both tools were assessed either
in German (4 clinics) or Italian (1 clinic). The data collected in the
ANQ ADL Score study, i.e. a prior research project, were used in
secondary data analysis in the current study to provide the basis
for the ICF-based and interval-scaled common metric. Both the
ANQ ADL Score study and the current study were given ethics
approval by the respective Swiss Ethics Commission.

ADL assessment tools

The FIM™ is an assessment tool administered by health profes-
sionals comprising 18 items. In order to qualify for FIM™ ad-
ministration, the health professionals received training provided
by the ANQ according to the respective FIM™ policy. FIM™
consists of 13 motor items and 5 cognitive items. All items are
scored from 1 (total assistance) to 7 (complete independence),
summing to a total score ranging between 18 and 126 (25).

The EBI is an assessment tool with 16 items, administered by
health professionals. A user manual for the administration of EBI
is available, but there is no specific training. Ten motor items are
based on the original BI (26), 6 items cover cognitive functioning
aspects, of which 5 are derived from the cognitive FIM™ items.
One cognitive item is unique to EBI and refers to vision and
neglect. All items are scored from 0 to 4, resulting in a total score
of 0-64 (8). Not all EBI items contain all scoring categories (e.g.
Item 1 Feeding can be scored 0, 2, 3 or 4), therefore an adapted
0-50 scoring version was proposed for Rasch analyses with EBI,
which was taken as a basis for this study (27). A conversion from
EBI 0-64 scores to EBI 0-50 scores, referred to as EBI5S0, on
item basis can be found in Appendix S1'.

Recent studies for both tools showed, that in the context of
national quality reports they measure a unidimensional construct
and can be reported as total scores on the interval-level, when
Rasch-based transformation with bi-factor equivalent design is
applied (27, 28). In these studies, neither tool showed differential
item functioning for sex, age, nationality, healthcare insurance
status of patients, time-point of measurement, rehabilitation
group (neurological or musculoskeletal) or clinic language
(German, French or Italian).

'http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2711
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ICF linking

The first part of data analysis entailed linking each item of the
respective tools to the ICF by using the ICF linking rules, an esta-
blished method to enable comparability of health information (29).
In order to satisfy the first requirement for standardized reporting
and scale equating, i.e. to demonstrate the conceptual equivalence
of'the 2 assessment tools to be integrated into the common metric,
the items from each assessment tool were linked to corresponding
ICF categories. Furthermore, the perspectives from which informa-
tion is collected and the categorization of response options were
identified for both tools, in accordance with the ICF linking rules.
Two researchers, with extensive linking experience (MaritzR., Selb
M.), independently linked all items of the FIM™ and the EBI to the
ICF, following step by step the refined version of the ICF linking
rules (29) in Microsoft® Excel. The results of the independent
linking were then compared and discussed. When no agreement on
linking of an item could be reached, a third researcher (Prodinger
B.) was involved to give advice and reach agreement.

Rasch analysis

The second part of the data analysis was based on Rasch analysis.
In order to satisfy the second requirement for standardized
reporting, i.e. score equivalence, the polytomous partial credit
Rasch measurement model and associated requirements for
equating of instruments were applied to derive an interval-scaled
common metric from ordinal data (23, 30). These requirements
include: unidimensionality; item invariance across sample
subgroups, such as age or sex; and local independence, i.e. the
demonstration that responses to any item should depend only
on the trait (functional independence in the case of EBI and
FIM™) and not on responses to other items (31). The analyses
were conducted on the total score level of the 2 assessment tools.
This was based on the reasoning that: (7) the total scores reflect
the level of reporting in the national quality reports; (i) previous
findings support that the 2 tools can be reported as unidimensional
metrics on the total score level (27, 28), representing the construct
of functional independence, even though they incorporate both
motor and cognitive items; and (ii7) the recommendations for
scale equating by Andrich are fullfilled (23). The data from the
validation sample of the ANQ ADL Score study (described above
under the subheading “Setting and subjects”) were used for Rasch
analyses. Basic sample characteristics and descriptive statistics
were conducted using Stata Version 14.2, Rasch analysis was
conducted with RUMM2030 professional version 5.4.

The analytical focus gave reference to the following 6 key
criteria, helping to judge if fit to the Rasch model and its
requirements for equating of 2 instruments was achieved: (i) the
class-interval based conditional test of fit, assessing the observed
and the expected scores under the model conditional on each total
score through a Pearson y? test; (if) the item-trait interaction y?
test, reflecting fit of the data to the Rasch model, also referring

Table I. Results of the FIM™ EBI Rasch equating analyses

p. 30of 9

to observed and expected scores on the level of class-intervals;
(iii) the reliability indexes, reported as Cronbach’s alpha and
person separation index (PSI); (iv) differential item functioning
(DIF), indicating if there is invariance for different subgroups;
(v) unidimensionality, expressed as percentage of significant
t-tests, using individual #-tests comparing person-ability estimates
for each respondent derived from the subtest analysis; and (vi)
threshold ordering, indicating whether the different scoring
categories of an assessment scale are represented in a successive
order (16, 23, 30). Acceptable levels of the key criteria are
represented in the bottom row of the corresponding results Table I.
In order to fully examine the defined key criteria, a 2-tiered
analysis was used to deal with some restrictions of the analysis
software, as FIM™ has 109 scoring options (ranging from 18 to
126) and the RUMM2030 software allows for inclusion of only
101 scoring options. First, analysis of the assessment tools’ total
scores was performed, in which the FIM™ total scores were res-
caled to 0 to 100 together with the EBI5O0 total scores. This first
step is shown in the first row of the corresponding result in Table
1, allowing for a conditional test of fit in which both total scores
served as 2 items. The FIM™ score was then re-weighted by
1.09 to give the usual operational score of the FIM™. Secondly,
the FIM™ items were divided into 2 testlets and the EBI5S0 items
were combined in a third testlet. Which FIM™ item was contained
in which testlet, was based on a previous research project about
FIM™ total scores for use in national quality reports (28) and is
indicated in the legend of Table I. This second analysis step enabled
values of the variance in the latent estimate to be obtained, which
imply the degree of local dependency remaining in the testlets
(shown in the second row of the corresponding result in Table I).
Furthermore, the 2 FIM™ testlets could then be taken together as
a single super-testlet in a paired #-test analysis with the EBI total
score, thus addressing the software limitation described, so that
the FIM™ total scores can be reported on their original range.

Differential item functioning strategy

DIF was tested for sex, age (4 groups based on interquartile
ranges), healthcare insurance status (general, semi-private,
private), nationality (Swiss/other), duration of rehabilitation (4
groups based interquartile ranges) and clinic (5 rehabilitation
clinics involved) using 4 class intervals. When uniform or non-
uniform DIF p-values were <0.05, DIF was considered to be
present, and the respective testlets were split, starting with the
highest DIF, and continuing until no further DIF was present
(32). The split and unsplit solutions were then contrasted on the
basis of the Rasch person estimates, anchored to each other with
an unsplit testlet free of DIF. To determine whether DIF split was
necessary for the transformation table, an effect size calculation
was performed, based on a Cohen’s D calculation, including the
mean of the person estimates, their standard deviations, and the
sample size of the split and unsplit version (32). If the resulting

Conditional test
of fit p-value (DF) PSI  «

Ttem- trait 2 Threshold
Data basis

p-value (DF) disordering

DIF (testlets) A Variance paired t-test Comment

FIM™0-100 -
EBISO0 total scores
FIM™ - EBI50

3 testlets FIM1,
FIM2, EBI50
Acceptable values

0.504 (112) 0.958 0.848 0.861 (6)

Not applicable 0.973 0.981 0.921 (9)

>0.05 >0.70 >0.70 >0.05

No disordering Clinic 0.999

No disordering No substantial DIF

No disordering Clinic (FIM™, EBIS0) Not applicable 2.64 %

6.04 % (lower FIM testlets taken
(FIM1, FIM2, EI50) CI= 3.4%) together for t-test and
transformation table
>0.90 <5.00 % (at
least lower CI)

PSI: person separation index; DIF: differential item functioning; A Variance: explained common variance (only available for testlets); DF: degrees of freedom;
CI: 95% confidence interval. The FIM1 testlet included FIM™ items A, C, E, G, I, K, M, O & Q and the FIM2 testlet included FIM™ items B, D, F, HJ, L, N, P & R.

EBI: Extended Barthel Index; FIM™: Functional Independence Measure.
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effect size was below 0.1, DIF was considered small and no
action was taken, i.e. the unsplit solution was retained (33).

Common metric

If model fit was achieved with both Rasch analysis steps, an
interval-scaled common metric was created based on the Rasch
location estimates. The common metric is based on a paired t-test
from the second Rasch analysis step, with the EBI total score testlet
on the one hand and both FIM(TM) testlets together on the other
hand. Likewise, the FIM(TM) total scores can be reported on their
original range (18—126) and are therefore considered more accurate.
The common metric was designed to range from 0 (complete
dependence in ADL) to 100 (complete independence in ADL),
oriented at similar research projects (13, 17), reflecting minimum
and maximum logit estimates derived from the joint analysis.

RESULTS

International Classification of Functioning,
Disability and Health linking

An overview of the ICF linking is shown in Table II,
and detailed linking at the level of the items is shown in
Appendix S2'. Both assessment tools’ items represent
a dependency perspective and all items responses
were categorized in the form of an intensity of this
dependency (1-7 for FIM™, 0—4 for EBI). The content
of the FIM™ items was reflected in 24 ICF categories,
and the content of the EBI in 26 ICF categories. Both
assessment tools cover the same ICF categories, with the
exception of EBl item 16 vision/neglect, linked to the ICF

Table II. Overview of the International Classification of Functioning, Disability and Health (ICF) linking table for the assessment tools:

FIM™ and EBI

FIM™ EBI
Perspective of items Dependency Dependency
Categorization of item responses Intensity Intensity
ICF Code & Label
b BODY FUNCTIONS
b1 Mental Functions
b144 Memory functions 18) Memory 15) Memory

b156 Perceptual functions

b2 Sensory functions and pain

b210 Seeing functions

b5 Functions of the digestive, metabolic and endocrine systems
b525 Defecation functions

b6 Genitourinary and reproductive functions

b620  Urination functions

b7 Neuromusculoskeletal and movement related functions
d ACTIVITIES AND PARTICIPATION

d1 Learning and applying knowledge

d175 Solving problems

d2 General tasks and demands

d3 Communication

d310 Communicating with - receiving - spoken messages
d315 Communicating with - receiving - nonverbal messages
d320 Communicating with - receiving - formal sign language messages
d325 Communicating with - receiving - written messages
d330 Speaking

d335 Producing nonverbal messages

d340 Producing messages in formal sign language

d345 Writing messages

d4 Mobility

d410 Changing basic body position

d420 Transferring oneself

d450 Walking

d455 Moving around

d465 Moving around using equipment
ds Self-care

d510 Washing oneself

d520 Caring for body parts
d530 Toileting

d540 Dressing

d550 Eating

d560 Drinking

d7 Interpersonal interactions and relationships
d710 Basic interpersonal relationships

16) Vision/Neglect
16) Vision/Neglect

08) Bowel management 09) Bowel control

07) Bladder management 10) Bladder control

17) Problem solving 14) Problem solving

14) Comprehension
14) Comprehension
14) Comprehension
14) Comprehension
15) Expression
15) Expression
15) Expression
15) Expression

11) Comprehension
11) Comprehension
11) Comprehension
11) Comprehension
12) Expression
12) Expression
12) Expression
12) Expression

09) Transfer bed-chair-wheelchair
10) Transfer toilet

11) Transfer tub/shower

09) Transfer bed-chair-wheelchair
10) Transfer toilet

11) Transfer tub/shower

05) Transfers

05) Transfers

12) Walking/using wheelchair 06) Mobility
13) Stairs 07) Stairs
12) Walking/using wheelchair 06) Mobility

2) Grooming 02) Grooming
3) Bathing 04) Bathing

2) Grooming 02) Grooming
6) Toileting 08) Toilet use

7) Bladder management
8) Bowel management
4) Dressing upper body
5) Dressing lower body
1) Eating

1) Eating

09) Bowel control
10) Bladder control

03) Dressing

01) Feeding
01) Feeding

16) Social interaction 13) Social interaction

EBI: Extended Barthel Index, FIM™: Functional Independence Measure.
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categories b156 Perceptual functions and b210 Seeing
functions that are not reflected in the FIM™. Both tools
covered predominantly the activities and participation
categories of the ICF, with a focus on the ICF chapters
d3 Communication, d4 Mobility and d5 Self-care. Due to
the high level of concordance, the tools were considered
conceptually equivalent, i.e. measuring the same latent
trait, both covering content related to the concept of
functioning.

Sample characteristics

The sample incorporated 265 patients in neurological
rehabilitation in Switzerland from 2016 and 2017.
Four clinics from the German-speaking and one clinic
from the Italian-speaking region of Switzerland each
provided between 31 and 70 cases. The sex distribution
was 50.8% male (n=123) and 49.2% female (n=119).
The mean age of the sample was 67.2 years, ranging
from 18 to 92 years, while the mean age of the cases
of the different clinics ranged from 62.9 to 73.9 years.
The majority (90.0%) were Swiss citizens, 10.0% had
other nationalities. Almost three-quarters (74.0%)
had general healthcare insurance, 18.6% semi-private
insurance and 7.4% private insurance. The mean reha-
bilitation duration time was 37.7 days, ranging from 5
to 150 days (standard deviation 25.4). Minimal attained
FIM™ score of 18 was attained by 7 cases, the maximal
score of 126 was not achieved. The minimal EBI score
of 0 was achieved by 2, the maximal score by 11 cases.
There were missing values for the variables sex, age,
healthcare insurance status, rehabilitation duration
(each n=23), and origin (n=24).

Rasch analysis

Results of the Rasch equating analyses are shown in Table
1. Fit of the data as total scores (first analysis step, first
line Table I), and as 3 testlets (second analysis step with

p. 50f 9

1 EBI testlet, 2 FIM™ super-items, second line of Table
I) showed good fit to the Rasch model. The conditional
test of fit in the total score analysis and the item-trait 2
in both analyses were all non-significant. Reliability was
consistent with high-stakes clinical decision-making. All
the common variance was subsequently included in the
interval-scaled transformation, and both analyses satisfied
the monotonic relationship with the functioning trait, thus
showing no disordering of thresholds, again a requirement
for successful test equating at the scale score level. DIF
was present at the clinic level for both tools. A comparison
of person estimates between a non-split and split- solution
resulted in an effect size of 0.02; thus, it was considered
marginal and no action was taken. Detailed information
on the DIF strategy and the effect size calculation are
shown in Appendix S3'.

Common metric

Based on the second analysis step, a common metric was
created (see Table III), using the total scores of FIM™
and EBI as testlets. The related transformation table for
FIM™ and EBI50 total raw scores can be retrieved from
the metric and is shown in Appendix S4'. For example
a FIM™ raw score of 114 can be translated to 72.9 in
the common metric, or an EBI5S0 raw score of 47. The
common metric also shows that the operational range
of the FIM™ (common metric values from 8.4 to 96.6)
is larger than that of the EBI (common metric values
from 9.3 to 81.1), indicating that the FIM™ covers a
wider range of patient abilities and that there might be
ceiling effects with the EBI. The operational ranges of
the 2 assessment tools, in contrast to the common metric,
are shown in Fig. 1. The fact that the operational range
of the common metric is wider than the range of both
assessment tools on its own, can be explained by the
fact that the calculation of the common metric is based
on patients assessed with both tools together, i.e. the
common person design of the sample.

FIM™

metric

0-100 common ! ! ! ! ! ! !

metric range nn 100 00 Ao A0 a0.0 RO To0n

EBI OO SOPCOHRIIEIERE R ¢ ¢

b b OO & &

Common 4 4 ¢ ceHNIIINNNOREDEmBINIIIIIN S ¢ ¢

&N a0a 1000

Fig. 1. The 0-100 ICF-based and interval-scaled
common metric including the Extended Barthel
Index (EBI) and the Functional Independence
Measure (FIM™). ICF: International Classification

of Functioning, Disability and Health.
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Table III. International Classification of Functioning, Disability and Health (ICF)-based interval-scaled common metric 0-100, including
Functional Independence Measure (FIM™) and Extended Barthel Index (EBI)50

ICF-based interval-scaled metric 0-100 including FIM™ and EBI50
Common common RE Common Common FiM™ Common Common
common RE common metric 0- metricraw common metric  0- Fim™ RE metric  0- raw RE metric 0- EBIS0 RE metric
cont'd metric 100 raw FIM™ 100 cont'd FIM™ 100

0 -3,618 0,0 80 0,047 51,3 18 84 73 0,065 51,6 0 -2,951 93]
1 -3,089 74 81 0,067 51,6} 19 14,7 74 0,094 52,0 1 -2,507 14,3
2 -2,763 12,0 82 0,088 51,9 20 186 75 0,122 52,4 2 -2,349 17,8
3 -2,563 14,8 83 0,108 52,2 21 21,0 76 0,150 52,8 3 -2,174 20,2}
4 -2,419 16,8 84 0,128 52,5 22 228 7 0,178 53,2 4 -2,029 22,3
5 -2,304 184 85 0,149 52,8 23 243 78 0,207 53,6 5 -1,900 241
6 -2,208 19,8 86 0,169 53,1 24 255 79 0,236 54,0 6 -1,779 25,8
7 -2,125 209 87 0,19 53,3 25 265 80 0,265 54,4] 7 -1662 274
8 -2,052 219 88 0,21 53,6 26 275 81 0,294 548 8 -1,548 29,0}
9 -1,985 229 89 0,231 53,9 27 284 82 0,323 55,2 9 -1,435 30,6
10 -1,924 237 90 0,251 54,2| 28 292 83 0,353 55,6 10 -1,326 32,1
" -1,868 245 el 0,272 54,5 29 30,0 84 0,383 56,1 1" -1,219 33,6
12 -1,815 253 92 0,293 54,8 30 30,8 85 0,413 56,5 12 -1,116 351
13 -1,765 26,0 93 0313 56,1 31 315 86 0,444 56,9| 13 -1,015 36,5/
14 -1,718 26,6 94 0,334 55,4} 32 322 87 0475 57,3 14 -0917 37,8
15 -1,673 27,2 95 0,355 55,7} 33 329 88 0,507 57,8 15 -0,822 39,2
16 -1,63 279 9 0,376 56,0 34 335 89 0,539 58,2 16 -0,730 40,5)
17 -1,588 284 97 0,397 56,2} 35 34,1 90 0,571 58,7| 17 -0,640 41,7}
18 -1,548 290 98 0,419 56,6} 36 348 91 0,604 59,1 18 -0,563 42,9
19 -1,509 295 99 0,44 56,9 37 354 92 0,638 59,6 19 -0,468 44,1
20 -1,472 30,1 100 0,462 57,2 38 36,0 93 0,672 60,1 20 -0,385 45,3
21 -1,435 30,6 101 0,483 57,5 39 36,5 94 0,707 60,6] 21 -0,304 464
22 -1,399 31,1 102 0,505 57,8 40 371 95 0,742 61,1 22 -0,224 47,5
23 -1,364 316 103 0,527 58,1 41 37,6 96 0,778 61,6 23 -0,147 48,6
24 -1,33 32,1 104 0,549 58,4} 42 38,2 97 0,815 62,1 24 -0,071 49,7|
25 -1,296 325 105 0,571 58,7| 43 387 98 0,852 62,6 25 0,004 50,7]
26 -1,263 33,0 106 0,593 59,0} 44 39,2 99 0,891 63,2 26 0,077 51,8
27 -1,23 335 107 0616 59,3 45 39,7 100 0,930 63,7} 27 0,149 52,8
28 -1,199 339 108 0,638 59,6} 46 40,2 101 0,969 64,3 28 0,220 53,8
29 -1,167 343 109 0,661 59,9 47 40,7 102 1,010 64,8 29 0,290 54,7}
30 -1,136 348 110 0,684 60,3 48 41,2 103 1,062 65,4] 30 0,360 55,7
31 -1,106 352 M 0,707 60,6} 49 417 104 1,094 66,0 31 0,429 56,7}
32 -1,076 356 112 0,731 60,9 50 422 105 1,138 66,6 32 0,497 57,6
33 -1,046 36,0 113 0,754 61,2} 51 426 106 1,182 67,2 33 0,566 58,6
34 -1,017 36,4 114 0,778 61,6} 52 431 107 1,228 67,9 34 0,634 59,6
35 -0,988 36,8 115 0,802 61,9 53 435 108 1,275 68,5 35 0,702 60,5/
36 -0,96 372 116 0,826 62,3 54 439 109 1,323 69,2 36 0,770 61,5
37 -0,932 376 17 0,85 62,6} 55 444 110 1,372 69,9 37 0,838 62,4}
38 -0,904 38,0 118 0,875 62,9 56 448 1 1,423 70,6 38 0,906 63,4}
39 -0,877 384 119 09 63,3 57 452 12 1,476 714] 39 0,974 64,3

40 -0,85 388 120 0,925 63,6} 58 456 113 1,532 721 40 1,042 65,3

41 -0,824 39,1 121 0,95 64,0} 59 -0,331 46,0 114 1,589 72,9| 4 1,111 66,3

42 -0,797 39,5 122 0,975 64,3} 60 46,5 115 1,650 73,8 42 1,180 67,2}

43 -0,771 399 123 1,001 64,7] 61 469 116 1,714 74,7 43 1,250 68,2}

44 -0,746 40,2 124 1,027 65,1 62 473 17 1,782 75,7 44 1,324 69,2}

45 -0,72 40,6 125 1,053 65,4} 63 477 118 1,855 76,7} 45 1,401 70,3

46 -0,695 40,9 126 1,08 65,8 64 481 119 1,934 77,8 46 1,487 71,5

47 -0,67 413 127 1,107 66,2} 65 485 120 2,020 79,0 a7 1,588 72,9

48 -0,646 416 128 1,134 66,6 66 489 121 2117 80,3 48 1,713 74,7

49 -0,622 420 129 1,162 67,0} 67 493 122 2,230 81,9| 49 1,898 77,3
50 -0,598 423 130 1,19 67,4} 68 496 123 2,367 83,8 50 2173 81,1
51 -0,574 426 131 1,218 67,8 69 50,0 124 2,547 86,4

52 -0,55 43,0 132 1,247 68,2} 70 50,4 125 2,832 90,4

53 -0,527 433 133 1,276 68,6 ul 50,8 126 3,280 96,6

54 -0,504 436 134 1,306 69,0} 72 51,2

55 -0,481 439 135 1,337 69,4}

56 -0,459 443 136 1,369 69,9

57 -0,436 446 137 1,401 70,3

58 -0,414 449 138 1,434 70,8

59 -0,392 452 139 1,468 71,3

60 -0,37 455 140 1,504 71,8

61 -0,348 458 141 1,541 72,3

62 -0,326 46,1 142 1,58 72,8

63 -0,305 46,4 143 1,62 734

64 -0,284 46,7 144 1,663 74,0}

65 -0,262 47,0 145 1,709 74,6}

66 -0,241 47,3 146 1,757 75,3

67 -0,22 476 147 1,809 76,0

68 -0,199 479 148 1,864 76,8

69 -0,178 48,2 149 1,925 77.7)

70 -0,158 48,5 150 1,991 78,6

7 -0,137 488 151 2,064 79,6

72 -0,116 49,1 152 2,146 80,8

73 -0,096 493 153 2241 82,1

74 -0,075 49,6 154 2,354 83,7]

75 -0,055 49,9 155 2,497 85,7]

76 -0,034 50,2 156 2,693 88,4

7 -0,014 50,6 157 3,009 92,8

78 0,006 50,8 158 3,52 100,0

79 0,027 51,1

RE: Rasch estimate (location); cont’d: continued.
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DISCUSSION

This study provides an ICF-based and interval-scaled
common metric, including the transformation between
FIM™ and EBI for use in national rehabilitation quality
reports, and thus facilitates a Standardized Assessment
and Reporting System (StARS) for functioning infor-
mation. In order to create the common metric, 2 steps
were followed; first, ICF linking showed that the 2
assessment tools can be considered as conceptually
equivalent. In the second step a common metric inclu-
ding the 2 tools could be established, as fit to the Rasch
models’ requirements for the equating of instruments
was achieved. The current study provides an example
of how ADL scales assessing the same information can
be made comparable through the ICF on the conceptual
level and an interval-scaled common reference metric
on the scale level. The methodology applied can inform
further research, in which conceptually similar functio-
ning information is collected with different tools and
needs to be made comparable or aggregated. Such a
system could, for example, be used in areas other than
national quality reports, such as systematic reviews
and meta-analyses in the field of rehabilitation (34), or
country comparisons of rehabilitation outcomes with
different versions of the BI or the FIM.

The common metric established in this study has 4
major advantages over other transformation systems,
such as, for example, an expert-based transformation
system developed in the original ANQ ADL Score study
(22) or scale equating without a reference metric, such
as equating using the Leunbach model (35). First, the
common metric approach is based on the ICF, the global
standard for conceptualizing and describing functioning
information, serving as neutral and conceptual reference
to compare the content of the different tools included in
the common metric (4, 36). Secondly, Rasch analysis
allows an interval-based scoring and transformation
table to be derived to support the calculation of valid
change scores of functioning, e.g. between admission
and discharge, which can inform clinical practice and
research about functioning change in a quantifiable
way (37). Thirdly, the common metric allows us to
take the operational ranges of the 2 assessment tools
into account, and can therefore operate at the level of
the more detailed tool (17). Fourthly, through the ICF-
based common metric, other assessment tools measuring
functioning could be added in future (5). Given that this
study was conducted in the context of Swiss national
quality reports, only 2 assessments were included. In
principle, any number of instruments can be integrated
into a common metric as long as they are conceptually
equivalent. Examples with more than 2 scales exist and
have been published (5, 13, 20).

p. 7 of 9

The comparison of the operational ranges of the 2
assessment tools showed that FIM™ covers a wider
operational range than EBI. This finding can inform
the choice of assessment tools and the interpretation of
change scores. The basis of adding further assessment
tools to the common metric would again be the linking
of the respective assessment tool with the ICF and a
person-equating design, in which the new tool to be
added to the metric is assessed in parallel with either
EBI or FIM™. As FIM™ is the assessment tool with
the wider operational range, and is more widely used in
rehabilitation in general, and was also previously used
in other scale-equating projects, e.g. with the Barthel
Index or the minimal dataset (11, 17, 38), it appears
to be the choice as a linking scale.

Attention should also be paid to the equating de-
sign, as indirect transformation between 2 tools, i.e.
the equating of instruments via one instrument that is
already included in a transformation set, have been
shown to be less precise than the direct transformation,
i.e. the equating of different instruments in the same
study via a common person design (35). However,
indirect transformations are likely to be more feasible
in terms of data collection. This reflects typical chal-
lenges in the practice of quality improvement work
(39). A limitation of the study is that the dataset only
covers data from 2 assessment tools and includes only
neurological rehabilitation patients. The common
metric would also be needed for other assessment
tools or rehabilitation groups, such as that of muscu-
loskeletal patients in the example of the Swiss quality
reports. As previous studies of each assessment tool
showed no substantial DIF between neurological and
musculoskeletal rehabilitation patients (27, 28), the
transformation table could preliminarily be applied to
the musculoskeletal ANQ reports. Nevertheless, this
should be validated in a future equating study including
musculoskeletal data. Another limitation of the study
was the restrictions of the RUMM2030 software not
being able to cover total score or testlets with more
than 100 thresholds (e.g. a score of 0—100), leading to
some adaptions in the analyses. Likewise, the Rasch
analyses had to be 2-tiered in order to enable judgement
about the model fit. Furthermore, the current system
does not facilitate the separation of cognitive from
motor performance, as it is based on the total scores
of the ADL tools, which reflect the level of reporting
of'the Swiss quality reports in rehabilitation. However,
previous studies on EBI (27) and FIM™ (28) showed
that the total scores, including motor and cognitive
items, can be reported as a unidimensional construct,
i.e. functional independence. Another methodological
challenge was that the weight of ICF linking was not
clearly defined, i.e. there is no clear cut-off when
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conceptual equivalency is achieved. However, with
the methodological approach chosen, the conclusion
drawn, based at the conceptual level on the results of
the ICF linking, was supported at an empirical level
by the Rasch analysis.

A strength of the present study, in addition to the
above-mentioned advantages of the common metric,
includes the use of the Rasch model as a basis to create
the common metric. In the Rasch model the raw score
is a sufficient statistic, such that there is a one-to-one
correspondence between the raw score and the latent
estimate, which is not the case in other item response
theory or classical test theory models (16). Furthermo-
re, the resulting estimates of the Rasch model, which
build the basis for the common metric, are distribution
free, given the person and item parameter separation.
The common metric is therefore not sample dependent
and can be applied to any relevant sample (16).

Application in practice

The ICF-based and interval-scaled common metric
including the FIM™ and the EBI, as provided in this
study, can be applied in national quality reports for
neurological rehabilitation and, based on previous
evidence with regards to DIF, for musculoskeletal
rehabilitation. Application of the transformation ta-
ble enables the comparison of clinics that are using
different assessment tools and, at the same time, the
calculation of valid change scores for patients between
admission and discharge, as the transformation is based
on the interval-scale level. Extension of the common
metric with other functioning-related measures is pos-
sible. Possible extensions could be informed on the
basis of the conducted ICF linking in comparison with
the ICF Rehabilitation Set, also referred to as the ICF
Generic-30, which was designed to define ICF catego-
ries as a minimal standard for reporting and assessing
functioning and disability in clinical populations along
the continuum of care (40).

Conclusion

The ICF-based and interval-scaled common metric
provided in this study supports the assessment of pa-
tient outcomes using different ADL assessment tools
(FIM™ and EBI) in clinical practice, while at the same
time being able to compare the related outcomes of dif-
ferent clinics. It lays the groundwork for a standardized
reporting system of functioning information for use in
national quality improvement reports.
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Abstract

Objective: To demonstrate the influence and added value of a Standardized Assessment and
Reporting System (StARS) upon the reporting of functioning outcomes for national rehabilitation
quality reports. A StARS builds upon an ICF-based (International Classification of Functioning,
Disability and Health) and interval-scaled common metric.

Design: Comparison of current ordinal-scaled Swiss national rehabilitation outcome reports includ-
ing an expert-consensus-based transformation scale with StARS-based reports through descriptive
statistical methods and content exploration of further development areas of the reports with
relevant ICF Core Sets.

Setting: Swiss national public rehabilitation outcome quality reports on the clinic level.
Participants: A total of 29 Swiss rehabilitation clinics provided their quality report datasets including
18 047 patients.

Interventions: Neurological or musculoskeletal rehabilitation.

Main outcome measures: Functional Independence Measure™ or Extended Barthel Index.
Results: Outcomes reported with a StARS tended to be smaller but more precise than in the
current ordinal-scaled reports, indicating an overestimation of achieved outcomes in the latter. The
comparison of the common metric’'s content with ICF Core Sets suggests to include ‘energy and
drive functions’ or ‘maintaining a basic body position’ to enhance the content of functioning as an
indicator.

Conclusions: A StARS supports the comparison of outcomes assessed with different measures
on the same interval-scaled ICF-based common metric. Careful consideration is needed whether
an ordinal-scaled or interval-scaled reporting system is applied as the magnitude and precision
of reported outcomes is influenced. The StARS’ ICF basis brings an added value by informing
further development of functioning as a relevant indicator for national outcome quality reports
in rehabilitation.
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Introduction

The measurement and monitoring of clinical performance are central
for hospital quality improvement [1]. For the monitoring of institu-
tional outcomes in national quality reports, the main health indica-
tors of a health system need to be addressed, and for rehabilitation
this indicator is functioning [2, 3]. Functioning is classified by the
World Health Organization’s International Classification of Func-
tioning, Disability and Health (ICF), incorporating both biological
health—the intrinsic health capacity described as body functions and
structures, as well as lived health—the actual engagement of a person
in activities and life situations in interaction with the environment
[4, 5].

Currently, in rehabilitation, functioning outcomes are assessed
with a variety of ordinal-scaled assessment tools, which makes it
difficult to compare, aggregate [6, 7] and eventually learn from the
related information for improvement processes. Therefore, standard-
ization is essential for measurement of achieved outcomes within
clinics, and critical for comparisons between clinics [1]. A concrete
example comes from the Swiss public national rehabilitation outcome
quality reports, in which musculoskeletal and neurological rehabilita-
tion clinics can choose between two ordinal-scaled assessment tools
assessing functioning outcomes in the domain of activities of daily
living (ADL)—the Functional Independence Measure (FIMTM) or the
Extended Barthel Index (EBI) [8].

To standardize outcomes, two approaches exist: 1) define specific
assessment tools, which have to be used by all stakeholders or 2)
enable standardized reporting and thus comparability of routinely
used assessment tools [6]. For the latter, different approaches, such as
expert-consensus-based transformations [9] or Standardized Assess-
ment and Reporting Systems (StARS) for functioning outcomes,
based on a statistical, i.e. Rasch-based scale transformation approach
[10] can be applied. Expert-consensus-based transformations have
the advantage that experienced clinicians are involved in the pro-
cess but the disadvantage that ordinal-scale properties of outcomes
remain, thus restricting valid calculations of means or change scores
[7, 11]. In contrast, a StARS for functioning outcomes includes a
common metric as a core element, which has two main features:
first, it is conceptually based on the ICF as the international standard
for reporting functioning information and second, it is interval-
scaled, thus, allowing for any parametric analyses in reporting and
monitoring outcomes [6, 12].

National quality reports provide an excellent opportunity to
examine the influence of different approaches toward standardized
reporting of clinic outcomes. Therefore, the objective of the cur-
rent study was to demonstrate the influence and added value of a
StARS, with its interval-scaled ICF-based common metric, upon the
reporting of functioning outcomes in national rehabilitation quality
reports. Specific aims were related to the common metric’s two main
features:

1) To examine the influence of the common metric’s interval-
scaling feature in comparison to (i) functioning outcomes
reported with ordinal-scaled assessment total scores and (ii) an

ordinal-scaled expert-consensus-based transformation of these
scores.
To outline the added value of the common metric’s ICF basis

B

for the identification of potential further functioning outcome
indicators relevant for rehabilitation.

Switzerland was used as a case in point for this study, as both
a currently applied ordinal-scaled expert-consensus-based system
and a newly developed interval-scaled and ICF-based StARS exist
for musculoskeletal and neurological rehabilitation national quality
outcome reports.

Methods

Setting, participants and interventions

Secondary analysis of Swiss outcome quality reports in muscu-
loskeletal and neurological rehabilitation, which are coordinated and
published by the National Association for Quality Development in
Hospitals and Clinics (ANQ) [8], was conducted. From 64 Swiss
rehabilitation clinics providing musculoskeletal or neurological reha-
bilitation in 2016, 29 clinics agreed to provide their ANQ datasets
for our study. Ethical approval was received from the Swiss Ethics
Committees.

Outcome measures

Sociodemographic, treatment, health status and functioning-related
data are routinely assessed for the ANQ quality reports. To assess
functioning outcomes in musculoskeletal and neurological rehabili-
tation, clinics can choose between—FIMT™ and EBI [13, 14].

The FIM™ includes 18 items: 13 items related to motor and
five to cognitive skills. All items are scored from 1-7 resulting in
an ordinal-scaled total score between 18 (total dependence) and 126
(complete independence) [13]. The EBI includes 16 items: 10 motor
items based on the Barthel Index [15] and six cognitive items, of
which five are derived from the cognitive FIM™ items [14]. All items
are scored 0-4, resulting in an ordinal-scaled total score between 0
(total dependence) and 64 (complete independence). While both EBI
and FIM™ are administered by health professionals, related training
is only mandatory for FIMT™, Recent studies in the context of quality
reports showed that both tools can be reported as an interval-scaled
total score when Rasch-based transformation is applied [16, 17].

Expert-consensus-based ANQ-ADL score and
ICF-based interval-scaled common metric
To enable comparison of all rehabilitation clinics in national reports,

MT™ or EBI was assessed, two options

irrespective of whether FI
exist:

(A) The ANQ-ADL score currently used in the ANQ reports,
consists of an ordinal-scaled expert-consensus-based transformation
algorithm between FIM™ and EBI on item basis [9]. It ranges
from 0 (complete dependence) to 60 (complete independence). It

allows the comparison at item level but has its limitations: (1) its
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Table 1 Main features of the ANQ-ADL score and the ICF-based interval-scaled common metric

ANQ-ADL score

Common metric

Ordinal-scaled
FIM™ and EBI
0-60

Scale level
Included assessment tools
Scale range

Development Expert-consensus process, validation with a
validation sample

Strengths — Involvement of experienced clinicians
— Item-based approach

Weaknesses — Ordinal-scale does not allow for calculations

— Does not consider the operational range of

the included assessment tools
— Does not include EBI Item 16

“Vision/Neglect’, as there is no

corresponding item in FIM™

Interval-scaled

FIM™ and EBI

0-100 (adaptable)

Content equivalence assessed with ICF Linking

Rules, score equivalence assessed with

Rasch-based scale equating approach based on the

same validation sample as the ANQ-ADL score

— Based on the international standard for reporting
functioning outcomes (ICF)

— Interval-scale allows for calculations such as means
and change scores

— Considers the operational range of the integrated
assessment tools

— Includes all items of both tools

— Total score-based approach

— More specialized statistical resources (Rasch
analysis) required for development

ANQ-ADL score = Swiss National Association for Quality development in hospitals and clinics Activities of Daily Living Score, ICF = International Classification

of Functioning, Disability and Health, FIM™

ordinal-scaling, (2) exclusion of EBI Item 16 ‘vision/neglect’ and
(3) automatic match of minimum and maximum scores of the two
scales not considering their different operational ranges. The ANQ-
ADL score was validated using a representative sample of 265
neurorehabilitation patients all being assessed with both FIM™ and
EBI [9].

(B) The newly developed ICF-based interval-scaled common met-
ric [12]. It includes FIM™ and EBI on total score level and was devel-
oped on the basis of the ANQ-ADL score validation sample, applying
ICF Linking Rules [18] and Rasch methods for scale equating [10].
Its advantages include (1) its interval-scale, needed for calculations
currently conducted in ANQ reports, (2) its consideration of the
operational range of included tools [12] and (3) its ICF basis (see
Appendix A1) allowing to compare the metric’s content, e.g. with
other tools. The common metric was designed to range from 0 to
100, which can be adjusted, as it is based on logit Rasch values (see
Appendix A2).

The main features of these two options are summarized in Table 1.

Data analysis

The examination of the influence of the common metric’s interval-
scaling feature (specific aim 1) included three steps: (1) examination
of the difference between reporting of functioning outcomes with
ordinal-scaled FIMT™ EBI and respectively ii) ANQ-ADL scores and
the interval-scaled common metric; (2) examination of the difference
between risk-adjusted funnel-plots of clinic performance based on
the ordinal-scaled ANQ-ADL score and the interval-scaled common
metric and (3) examination of floor and ceiling effects of ordinal-
scaled FIM™ EBI and ANQ-ADL score as well as the interval-
scaled common metric. Only those cases that could be clearly assigned
to neurological (NEUR) or (MSK) rehabilitation and had complete
data for admission and discharge of FIMT™ or EBI, as well as the
risk-adjustment variables, were included.

= Functional independence measure, EBI = Extended Barthel Index.

In the fourth step (4), we compared the ICF categories covered by
the common metric with relevant ICF Core Sets to outline the added
value of the common metric’s ICF basis (specific aim 2).

The analyses were conducted with RStudio (steps 1-3) and
Microsoft Excel (step 4).

1) Difference between reporting of ordinal-scaled assessment tools
respectively ANQ-ADL scores and the interval-scaled common
metric

We created a descriptive table for the comparison of admission,
discharge and change scores, i.e. discharge score minus admission
score, separately for MSK and NEUR rehabilitation on the clinic
level, including respective standard deviations. In order to compare
the respective values of ordinal-scaled FIMTM, EBI and ANQ-ADL
score to the interval-scaled common metric, we adapted the range of
the common metric according to the scale it was compared to, i.e. 18—
126 for FIMT™, 0-64 for EBI and 0-60 for the ANQ-ADL score, on
the basis of its Rasch logits.

2) Difference of risk-adjusted funnel-plots for clinic performance
between the ordinal-scaled ANQ-ADL score and the interval-scaled
common metric

We reproduced the funnel-plots of clinic performance from the
ANQ reports, once based on the ANQ-ADL scores and once on
the common metric for both rehabilitation groups. We used the
same risk-adjustment method as ANQ in 2016, i.e. simple linear
regression including the discharge ANQ-ADL respectively common
metric scores as dependent variable and the following independent
variables: gender, age, nationality, residence before admission, res-
idence after discharge, health insurance status and type, diagnosis
group, Modified Cumulative Illness Rating Scale (CIRS), duration of
rehabilitation and admission ANQ-ADL respectively common metric
scores [19]. We then compared the two funnel plots within one
rehabilitation group and analyzed which clinics changed in regard
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to the three funnel-plot categories (significant upward deviation,
no significant deviation and significant downward deviation from
regression estimate).

3) Floor and ceiling effects of ordinal-scaled FIM™, EBI and ANQ-
ADL score and the interval-scaled common metric

As floor and ceiling effects are important quality criteria of out-
come measures in health [20], we assessed the percentage of people
from each rehabilitation group attaining minimum and maximum
scores in FIMT™, EBI, ANQ-ADL score and common metric sepa-
rately for admission and discharge. We defined an indication for floor
respectively ceiling effect if > 5% and a clear floor respectively ceiling
effect if > 15% reached minimum respectively maximum scores [20].

4) Added value of the common metric’s ICF basis

The original linking of the items contained in the common metric
to the ICF using ICF Linking Rules [12, 18] resulted in 26 covered
ICF categories (see Appendix Al). These categories were contrasted
to categories of relevant ICF Core Sets in order to define gaps and
further development opportunities for the StARS common metric
for the ANQ outcome quality reports. ICF Core Sets are purpose-
tailored shortlists of ICF categories developed in a standardized
multimethod scientific process [21]. There exist two generic ICF
Sets, and diagnosis and rehabilitation group-specific sets [22], each
with brief and comprehensive versions. We contrasted the common
metric’s ICF categories with the two generic ICF Sets (Generic-7,
Generic-30) [23, 24] and the eight rehabilitation group-specific ICF
Core Sets for MSK and NEUR, each in its acute and postacute
respectively brief and comprehensive version [25].

Results

Sample characteristics

The overall sample included 18047 complete cases in musculoskeletal
(MSK, 72 = 12160) and neurological (NEUR, 7 = 5887) rehabilitation
form 26 clinics, of which 18 were located in the German-speaking,
five in the French-speaking and three in the Italian-speaking part of
Switzerland. Twelve clinics provided both MSK and NEUR rehabil-
itation, 11 provided only MSK and three only NEUR rehabilitation.
Nineteen clinics were assessing FIMT™ (n =11 636) and seven were
assessing EBI (7 = 6411). The gender distribution for MSK was
36.7% male (n=4461) and 63.3% female (n = 7699), and for NEUR
rehabilitation 52.5% male (7 = 3091) and 47.5% female (7 = 2796).
The mean age of the MSK sample was 69.8 years ranging from 18
to 102. The mean age of the NEUR sample was 64.9 years ranging
from 18 to 99. Average rehabilitation duration of MSK patients was
21 days (ranging from 7-182 days) and 37 days for NEUR patients
(ranging from 7 to 351 days).

Difference between reporting of functioning outcomes
with ordinal-scaled scores and the interval-scaled
common metric

Table 2 shows the admission, discharge and change scores on clinic
level, separately for MSK and NEUR rehabilitation. In 20 of the
23 MSK rehabilitation clinics, the change scores are higher when
the ordinal scales of FIMT™™, EBI and ANQ-ADL score are used
in comparison to the interval-scaled common metric. This was also
the case for 14 of the 15 NEUR clinics, indicating a tendency to
overestimate outcomes when reported with ordinal-scaled scores.
For both rehabilitation groups, the total standard deviation of the

different values is smaller for the interval-scaled metric, indicating a
greater degree of precision when the common metric is used.

Difference between the risk-adjusted funnel-plots

of clinic performance

Figure 1 shows the four funnel-plots comparing risk-adjusted clinic
performances when using the ANQ-ADL score and the ICF-based
interval-scaled common metric for the two rehabilitation groups.
In MSK rehabilitation, five clinics (22%) changed the funnel-plot
categories. Two clinics changed from ‘no significant deviation’ to
‘significant upward deviation’. The deviation refers to the regression
estimate, which is based on the case-mix related risk-adjustment.
So, an upward deviation indicates that clinics performed better than
their case-mix-related mean estimation of their performance. One
clinic changed from ‘significant upward deviation’ to ‘no significant
deviation’ and two clinics changed from ‘no significant deviation’ to
‘significant downward deviation’. In NEUR rehabilitation, one clinic
(7%) changed from ‘significant upward deviation’ to ‘no significant
deviation’.

Floor and ceiling effects

Table 3 shows the results of the analysis for floor and ceiling effects.
There was no indication of floor effects for all four scales and also
for FIM™ and the common metric no indication for ceiling effects.
For EBI, there was a clear ceiling effect for MSK rehabilitation
at admission (17.7%) and discharge (21.8%) and an indication
of ceiling effect for NEUR rehabilitation at admission (5.1%) and
discharge (12.2%). For the ANQ-ADL score, there was an indication
for ceiling effect for MSK at admission (7.5 %) and discharge for both
MSK (12.8%) and NEUR rehabilitation (8.6%). This supports the
results from the development of the common metric, which showed
that FIM™ has a larger operational range for patients in comparison
to EBI (see Appendix A4).

Added value of the common metric’s ICF basis

Table 4 shows the overview of the comparison of the common
metric’s ICF categories with relevant ICF Core Sets. The extensive
comparison table on the level of the ICF categories can be found in
Appendix A3. The ICF Core Sets are only covered by the common
metric with a maximum of 40.0% (Generic-30 Set) and a minimum
of 17.2% (ICF NEUR postacute Core Set comprehensive version).
The most relevant ICF categories covered by 8 of the 10 analyzed ICF
Sets, not present in the common metric were b130 ‘Energy and drive
functions’ and d415 ‘Maintaining basic body position’. The following
relevant categories covered by eight or more of the analyzed Core
Sets, which were already represented in the common metric, were
b620 ‘Urination functions’, d410 ‘Changing basic body position’,
d420 ‘Transferring oneself’, d450 ‘Walking’, d510 “Washing oneself’,
d520 ‘Caring for body parts’, d530 ‘Toileting’ and d550 ‘Eating’,
stressing the importance of these aspects.

Discussion

This study demonstrates the influence and added value of an ICF-
based interval-scaled StARS for national quality reports, on two
levels: (1) the statistical level contrasting the influence of the common
metric’s interval-scale in comparison to the ordinal-scaled instru-
ment’s raw score and an ordinal-scaled expert-consensus-based trans-
formation and (2) the added value on the content level contrasting the
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Table 2 Difference between reporting of functioning outcomes ordinal scores and the interval-scaled common metric: musculoskeletal
rehabilitation (M) and neurological rehabilitation (N)

Clinic Nr. ~ Outcome measure Admission score  Discharge score  Change score Admission score  Discharge score  Change score
(score range) ordinal (SD) ordinal (SD) ordinal (SD) metric (SD) metric (SD) metric (SD)
1M ADL Score (0-60) 43.9 (8.6) 50.7 (7.5) 6.8(5.1) 35.5 (4.8) 39.2 (4.3) 3.7 (2.4)
oM ADL Score (0-60) 504 (7.2) 55.3(6.2) 4.9 (4.6) 43.1 (7.4) 48.1(7.1) 5(4.6)
3M ADL Score (0-60) 43.9 (8.4) 53(6.9) 9(5.8) 35.9(5) 423 (5.1) 6.5(3.6)
4M ADL Score (0-60) 46.8 (10.7) 50.6 (9.3) 3.8(4.7) 38.6 (7) 41.8(7) 3.3(3.4)
SM ADL Score (0-60) 41.3(10.9) 49.9 (10.8) 8.6(5.9) 34.7 (6.1) 40.5(7) 5.8 (4)
6M ADL Score (0-60) 55.3(8.9) 58 5(4.3) 3.2(6.7) 45.9 (6.4) 47.6 (3.7) 1.7 (3.5)
7M ADL Score (0-60) 45.2 (10.3) 1(9.8) 5.8(5.8) 37.5 (6.9) 41.8 (7.2) 4.3 (3.9)
8$M ADL Score (0-60) 41.8 (11.6) 51 3(10.1) 9.5(7.3) 35.5(7.4) 41.8(7.5) 6.3(4.2)
9IM ADL Score (0-60) 35.2 (10.9) 47.3 (10) 12.1(8.7) 31.1(5.1) 36.8 (4.7) 5.7(3.9)
10M? ADL Score (0-60) 51.8(8.2) 54.9 (7.9) 3.1(7) 45.1(9.1) 48.9 (9.1) 3.8 (6.5)
1M ADL Score (0-60) 50.4 (8.2) 55.2(5) 4.8 (5.7) 40.8 (54) 44.3(3.8) 3.5(3.5)
12M ADL Score (0-60) 44.7 (9.6) 53 1(7.7) 8.4 (6.9) 37.6 (5.7) 43 (5) 5.4 (4.1)
13M ADL Score (0-60) 37.3 (13.2) 1(9.2) 13.6 (9.6) 32.3(6.2) 39.9 (6.1) 7.6 (4.4)
14 M ADL Score (0-60) 51.2(5.5) 57 (3.5) 5.8(4.3) 40.9 (3.9) 45.5(3.6) 4.6 (3)
15M ADL Score (0-60) 41.6 (9.8) 49.9 (7.8) 8.3 (7.5) 34.4(5.4) 39.2 (5.3) 4.9 (4.6)
16 M* ADL Score (0-60) 49.9 (4.1) 54.9 (3.1) 5.1(2.7) 40.3 (3.9) 47.1 (5.4) 6.8 (4.3)
17M ADL Score (0-60) 50.7 (9.2) 54.6 (6.8) 4(6.2) 41.2 (6) 43.9 (4.9) 2.6 (3.7)
18 M ADL Score (0-60) 45.2 (10.5) 492 (9.3) 4(5.1) 37.6 (6.3) 40.1 (5.8) 2.5(3.1)
19M ADL Score (0-60) 41.9 (10) 52.4(8.3) 10.5 (7.8) 34.7 (4.8) 40.6 (5.5) 5.9 (4.6)
20M ADL Score (0-60) 50.4 (7.9) 54.3(5.8) 3.9 (4.7) 41 (5) 43.5 (4.1) 2.5(2.7)
21M ADL Score (0-60) 45.1 (10.6) 53(8.5) 8(7) 36.7 (6.1) 42.4(6.1) 5.8(3.8)
2M ADL Score (0-60) 477 (7.2) 53.9 (5.9) 6.3(5.3) 37.9 (4.3) 41.7 (3.9) 3.8(3.1)
23M ADL Score (0-60) 42.3(9.6) 50.5 (8.1) 8.2 (6.8) 35.2(5.5) 40.4 (5.6) 5.2(3.8)
Total ADL Score (0-60) 46.5 (10) 53.3 (7.6) 6.8 (6.5) 38.1(6.4) 2.5 (5.7) 4.4 (3.8)
1M FIM™ (18-126) 92.7 (14.1) 102.8 (11.5) 10.1 (7.4) 82 (8.6) 88.6 (7.8) 6.6 (4.3)
M FIM™ (18-126) 108.8 (12.6) 116.7 (10.8) 8(7.7) 95.6 (13.3) 104.5 (12.9) 9(8.3)
3M FIM™ (18-126) 93.5 (14.9) 109.2 (11.6) 15 7(9.7) 82.5(9) 942 (9.2) 11.7 (6.4)
4M FIM™ (18-126) 99.3 (18.4) 106.7 (16.1) 3(8.2) 87.4 (12. s) 93.3 (12.7) 5.9(6.1)
SM FIM™ (18-126) 89.9 (18.8) 104.1 (177) 142( 4) 80.5 (11 91 (12.5) 10.5 (7.1)
7M FIM™ (18-126) 96.7 (18.6) 106.5 (16.9) 8 (10.1) 85.4 (12. 4) 93.2 (12.9) 7.8 (6.9)
8 M FIM™ (18-126) 90.8 (20.1) 106.3 (16.8) 15 s (11.4) 81.9 (13.3) 93.3 (13.5) 114 (7.6)
9IM FIM™ (18-126) 78.7 (16.8) 96.5 (14) 17.8 (12.9) 74 (9.2) 84.2 (8.4) 10.2 (7.1)
10M° FIM™ (18-126) 110.3 (15.3) 115.7 (14.6) 5.3(11.5) 99.1 (16.4) 106 (16.4) 6.9 (11.8)
13M FIM™ (18-126) 82.2 (20) 103.3 (14.1) 21.1 (13.6) 76.1 (11.1) 89.8 (10.9) 13.7 (7.9)
14M FIM™ (18-126) 107 (9.3) 115.7 (6.3) 8.7 (6.6) 91.7 (7.1) 99.9 (6.5) 8.2 (5.4)
15M FIM™ (18-126) 88.8 (16.1) 102.1 (12.5) 13.4 (12.1) 79.8 (9.6) 88.6 (9.5) 8.7 (8.2)
16 M* FIM™ (18-126) 105.7 (8.3) 117.1 (6.8) 113 (6.7) 90.6 (7) 102.8 (97) 12.2(7.7)
18 M FIM™ (18-126) 97.5 (17.5) 103.9 (14.6) 6.5 (8.4) 85.7 (11.3) 90.1 (10.4) 4.5(5.5)
19M FIM™ (18-126) 90.3 (14.6) 105.4 (12.7) 15.1 (11) 80.5 (8.6) 91.2 (9.9) 10.6 (8.2)
21M FIM™ (18-126) 95.2 (17.7) 108.8 (14.2) 13.5 (10.6) 84 (10.9) 94.4 (11) 10.4 (6.8)
23 M FIM™ (18-126) 91.6 (15.8) 104.9 (135) 13.3(10.4) 813 (10) 90.7 (10.1) 9.3 (6.9)
Total FIM™ (18-126) 95.5 (17.2) 107.7 (13.7) 12.1 (10.2) 84.4 (11.3) 93.5 (11) 9.1(7)
6M EBI (0-64) 59.2(9.1) 62.3 (4.5) 3(6.3) 59.4 (8.4) 61.6 (4.9) 2.2 (4.6)
1M EBI (0-64) 53.4(8.9) 58.8 (5.4) 5.4(6.1) 52.7(7) 57.3(5) 4.6 (4.5)
12M EBI (0-64) 482 (9.7) 56.9 (7.9) 8.7 (7) 48.5 (7.4) 55.6 (6.6) 7.1(5.4)
17M EBI (0-64) 54(9.4) 58 (7.2) 4(5.9) 53.2(7.9) 56.7 (6.5) 3.5 (4.8)
20M EBI (0-64) 54.1(7.8) 8(5.8) 4 (4.6) 52.9 (6.6) 56.2(5.4) 3.3(3.5)
2 M EBI (0-64) 49.6 (7.4) 55 8(6.2) 6.2(5.1) 48.9 (5.6) 53.8(5.1) 4.9 (4)
Total EBI (0-64) 52.8(9.1) 58 (6.4) 5.2(5.8) 52.2(7.8) 56.4(5.9) 4.2 (4.4)
1IN ADL Score (0-60) 46.2 (13) 49.2 (11.7) 3(5.9) 37.3(7.7) 39.5 (7.4) 2.2(3.3)
2N ADL Score (0-60) 41.4 (16.7) 45.6 (15.4) 4.3 (7.6) 35.4 (11.6) 38 (10.4) 2.6 (6.3)
3N ADL Score (0-60) 31.8 (16) 422 (15.9) 10.3 (9.6) 29.5 (9.8) 35.7(9.9) 6.2 (5.5)
4N ADL Score (0-60) 45.7 (14.5) 51.4 (11.2) 5.7(9.3) 37.7(9.3) 41.3 (7.4) 3.5(6)
SN ADL Score (0-60) 31.5 (17.4) 42.4(16.9) 10.9 (9.2) 28.6 (10.8) 34.9 (9.9) 6.3 (5.1)
16N ADL Score (0-60) 44.9 (15.5) 47.5 (16) 2.6 (6) 39.7 (11.8) 43.5 (14.6) 3.8 (6.6)
7N ADL Score (0-60) 41.2 (14.9) 47.9 (13.1) 6.6 (8.6) 35.4(9.2) 39.8(8.3) 4.4 (5.3)
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Table 2 Continued

Clinic Nr. ~ Outcome measure Admission score  Discharge score  Change score Admission score  Discharge score  Change score
(score range) ordinal (SD) ordinal (SD) ordinal (SD) metric (SD) metric (SD) metric (SD)
8N ADL Score (0-60) 33.2(16.1) 46.2 (15.1) 3(11.6) 30.1(8.9) 37.8(9.6) 7.7 (6.2)
9N ADL Score (0-60) 30.7 (15.2) 40.6 (16.3) 9(10.2) 28.6 (8.7) 34.3 (9.6) 5.7 (6.4)
10N ADL Score (0-60) 42 (14) 44.6 (14.1) 6(5.6) 35.3(8.5) 37.1(8.5) 1.9 (3.2)
11N ADL Score (0-60) 24.1(19.2) 33.3(20.2) 2(13.6) 23.1(13.9) 29.8 (13.8) 6.7 (9.1)
12N ADL Score (0-60) 40.9 (15.6) 48.3 (13.4) 5(9.7) 35.5(9.2) 40.2 (8.2) 4.7 (5.5)
13N ADL Score (0-60) 30.4 (14.5) 40.7 (12.2) 10 2 (7.2) 28.8 (9) 34.2 (5.6) 5.4(5)
14N ADL Score (0-60) 31.4 (14.7) 43.8(15.2) 12.4 (1 0.4) 29.3 (8.4) 36.2 (8.9) 6.8 (5.5)
15N ADL Score (0-60) 37.3 (16.3) 446 (15.2) 7.2 (10.9) 32.3(9) 36.9 (8.7) 4.6 (6.5)
Total ADL Score (0-60) 37.7 (1 6.4) 45.6 (14.9) 7.9 (10) 32.9(9.9) 37.8(9.3) 4.9 (5.9)
1IN FIM (18-126) 96.2 (21.6) 101.5 (19.4) 53(9) 85.2 (13.8) 89.1 (13.3) 3.9 (6)
3N FIM (18-126) 73.9 (27.3) 90.9 (26.5) 17 (15.3) 71.1 (17.6) 82.2 (17.9) 11.2 (9.9)
SN FIM (18-126) 73 (28.5) 89.9 (26.2) 16.9 (14.4) 69.6 (19.5) 80.8 (17.8) 11.3 (9.2)
16N FIM (18-126) 97.5 (28.8) 102.9 (29.1) 5.4(9.6) 89.4 (21.2) 96.3 (26.2) 6.8 (11.9)
8N FIM (18-126) 75.8 (25.4) 96.7 (24.2) 20.8 (17.4) 72.1 (16) 86 (17.3) 13.9 (11.2)
9N FIM (18-126) 71 4(25) 87.3 (26.2) 15 8 (16 8) 69.5 (15.7) 79.7 (17.4) 10 2 (11 5)
10N FIM (18-126) 1(23.6) 95.6 (23.1) 6 (8. 81.5 (15.3) 84.8 (15.4) 4(5.
11N FIM (18-126) 597(33 2) 75.9 (34.8) 162(23 1) 59.6 (25.1) 71.7 (24.9) 12 1 (1 )
13N FIM (18-126) 72.6 (24.8) 88.2 (17.9) 15.6 (123) 69.8 (16.2) 79.5 (10) (9
14N FIM (18-126) 73.5 (24.3) 92.7 (24.6) 19.2 (15.8) 708 (15.1) 83.1(16) 123(
15N FIM (18-126) 82.5 (25.5) 94.4 (23.3) 11.9 (17.3) 76.1(16.2) 84.5 (15.7) 8.4 (11.7)
Total FIM (18-126) 76.4 (27.3) 92 (25.9) 15.5 (17.1) 72.3 (17.9) 82.8 (17.8) 10.5 (11.4)
2N EBI (0-64) 44 4(17.5) 48.6 (16.1) 3 (8.2) 45.6 (15.3) 49.1 (13.6) 3.4(8.2)
4N EBI (0-64) 8 (15.4) 53.7 (12.1) 7(10.2) 48.7 (12.2) 53.3(9.7) 4.6 (7.9)
7N EBI (0-64) 442 (15.4) 51.4 (13.7) 2(8. ) 45.5 (12.1) 51.3 (10.9) 5.8(6.9)
12N EBI (0-64) 44.7 (15.3) 522 (13.2) 5(9.4 45.7 (12) 51.9 (10.7) 6.1(7.2)
Total EBI (0-64) 44.6 (15.4) 51.8 (13.5) 2(9. ) 45.8 (12.2) 51.6 (10.8) 5.8(7.2)

ADL Score = Activities of Daily Living Score, FIM™ = Functional Independence Measure, EBI = Extended Barthel Index, N = N.
2Clinics represented in italics show a higher change score when the interval-scaled metric is applied in comparison the majority of clinics, which show a smaller

change score when the interval-scaled metric is applied.

Table 3 Examination of floor and ceiling effects

Scale and rehabilitation % of people reaching

% of people reaching

% of people reaching % of people reaching

group minimum score at maximum score at minimum score at discharge maximum score at
admission (N) admission (N) (N) discharge (N)

FIM™ MSK 0.0 (1) 0.4 (35) 0.0 (0) 1.3 (103)

FIM™ NEUR 2.1(76) 0.2(8) 0.8 (31) 1(39)

EBI MSK 0.0 (1) 17" (741) 0.0 (0) 21 s" (911)

EBI NEUR 0.1(2) 5.1° (114) 0.0 (1) 12.2* (273)

ADL Score MSK 0.0 (2) 7.5 (917) 0.0 (0) 12 8 (1553)

ADL Score NEUR 1.6 (92) 3.1(182) 0.6 (35) 6" (508)

Common metric MSK 0.0 (1) 0.3 (35) 0.0 (0) 0 8(103)

Common metric NEUR 1.3 (76) 0.1 (6) 0.5 (31) 0.6 (34)

MSK = Musculoskeletal rehabilitation, NEUR = Neurological rehabilitation, ADL Score = Activities of Daily Living Score, FIM™ = Functional Independence

Measure, EBI = Extended Barthel Index.
Indication of ceiling effect (>5%).
bClear ceiling effect (>15%).

common metric’s functioning categories with the content of relevant
ICF Core Sets.

When the interval-scaled common metric is applied and con-
trasted to the currently used ordinal-scaled functioning outcomes,
change scores on the clinic level tended to be smaller on the common
metric but more precisely estimated. The main reason for this is that
the units in the ordinal scale are not equal and tend to be smaller
in the center of a scale than at the margins [7]. Consequently, when

contrasted with the common metric, patients passing over the center
of the ordinal scale pick up raw score points quickly, whereas the
opposite is true for those moving across the margins. The metric
removes this bias and provides a more accurate estimation of the
actually achieved change. Even though it is known that ordinal-level
scales lead to over- or underestimation of health-related outcomes
[6, 7, 11, 26], many comparable outcome reports do use ordinal-
scaled data without considering this fallacy [27, 28]. The results of
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Figure 1 Funnel-plots comparing risk-adjusted clinic performance when using the ANQ-ADL score or the ICF-based interval-scaled common metric. ANQ = Swiss
National Association for Quality Development in Hospitals and Clinics, ADL Score = Activities of Daily Living Score, ICF = International Classification of

Functioning, Disability and Health.

the present study suggest that the biased ordinal-scaled reporting
potentially leads to erroneous clinical decision-making and unfair
benchmarking of clinic performance. No statistical hypothesis involv-
ing ordinal-scaled data should be tested before the ordinal-scaled data
are transformed onto interval-scale level [29].

In the current study, MSK rehabilitation was affected more than
NEUR rehabilitation by the difference between ordinal- and interval-
scaled reporting approaches, no matter if risk-adjustment was con-
ducted or not. The MSK clinics had baseline scores closer to the
scales’ upper limits in comparison to the NEUR clinics with scores
located more around the center of the scales, indicating the impor-
tance that not only change scores on its own, but mean admission
and discharge scores should be reported [11]. Furthermore, the MSK
sample also showed stronger ceiling effects, especially with EBI,
reflecting that FIM™ and EBI are discriminating for the population
they were developed for, i.e. the FIM™ [13] for generic rehabilitation
and EBI for NEUR rehabilitation [14]. The information of floor and
ceiling effects can inform the clinics’ decision for a tool most suitable
for their specific patient population.

The common metric’s ICF basis allowed the comparison with
relevant ICF Core Sets, showing potential development opportunities
in the functioning outcome indicator included in the current reports
in NEUR and MSK rehabilitation such as ‘energy and drive functions’
but also confirmed relevant functioning outcome aspects that are
already represented.

A StARS, with the common metric as the core element, can also
be applied for other contexts outside of quality reports such as the
comparison of outcome measures in meta-analyses [29]. In any case,
a StARS has to be developed for its purpose [30], and it makes
sense to consider its influence and added value before its actual
implementation.

A limitation of the current study is that the analysis of the
influence and added value is at the level of rehabilitation groups.
As such, it would be interesting to consider the influence on a more
detailed level such as diagnosis-related groups, for example stroke
in neurological rehabilitation. A further limitation is that the study
is based on a descriptive approach, which helps to describe the
differences between the two reporting approaches but does not allow
to make statements whether the discovered difference of the common
metric is significant or not.

Conclusions

This study shows that it matters if functioning outcomes are reported
on ordinal- or interval-scale level. A StARS can help to incorporate
several conceptually similar assessment tools into one interval-scaled
reporting system, thus enabling the comparison across clinics using
different tools, as well as the calculations of means and change
scores. Furthermore, the ICF basis of the common metric serves
as an opportunity to inform further development of internationally
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Table 4 Overview of the comparison of the common metric’s ICF categories to relevant ICF Core Sets

MSK acute  MSK post MSK post NEUR acute  NEUR acute  NEUR post NEUR post
brief comp.

comp.

Generic-30  MSK acute

Generic-7

ICF Core Set

acute comp.

acute brief

acute comp.

acute brief

brief

70 33 85 38 116

27 48 31

30

Number of ICF categories in Set

9 of 48 9 of 31 13 of 70 10 of 33 16 of 85 12 of 38 20 of 116

9 of 27

12 of 30

20f7

Coverage of ICF categories with common metric

18.6% 30.3% 18.8% 31.6% 17.2%

40.0% 33.3% 18.8% 29.0%

28.60%

% of coverage with common metric

Comprehensive.

Neurological, comp.

Musculoskeletal, NEUR

ICF = International Classification of Functioning, Disability and Health, MSK

relevant functioning outcome indicators in rehabilitation quality
reports.

Supplementary material

Supplementary material is available at INTOQHC Journal online.
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Stakeholder involvement

This chapter gives an overview of the stakeholder involvement activities of the NRP74
StARS research project, with a focus on two core activities: the stakeholder brief and
stakeholder dialogue. This chapter is directly related to specific aim 4 of the present
thesis, i.e. to develop strategies with relevant stakeholders for implementing the
StARS in Swiss national rehabilitation reviews.

6.1 Background

To help bridge research recommendations with regard to the development of a StARS
for functioning outcomes and practice in Swiss rehabilitation quality reviews of using
different assessment tools to assess functioning outcomes [1-7], the NRP74 StARS
project highlighted the development of implementation strategies through stakehold-
er involvement and knowledge translation [8-10]. The NRP74 StARS research project
integrated stakeholder involvement activities throughout its entire project span, such
as stakeholder consultation for grant submission, a kick-off meeting with project
partners, the formation of an advisory board, two advisory board meetings, a stake-
holder brief and stakeholder dialogue [11]. The activities, their related goals and time-
lines are presented in detail in Table 1 at the end of this chapter. The focus of this
chapter is on the two core activities related to the thesis’ objective: the stakeholder
brief and the stakeholder dialogue. Both of these are recommended tools for en-
abling the uptake of research evidence in support of quality improvement, in the
sense of a learning health system [12-15]. After the completion of the NRP74 StARS
project in spring 2021, an overarching project report describing all stakeholder in-
volvement activities in detail will be published on the Lucerne Open Repository
(LORY).

6.2 Stakeholder brief

Stakeholder brief methods

Policy or stakeholder briefs are documents that summarize research evidence, along
with other forms of evidence and material, to provide context specific information on
a priority issue and possible options to address this issue [15]. These briefs are in-
creasingly used to inform stakeholder dialogues that involve stakeholders who would
be affected by decisions regarding the respective priority issue [12-15]. In this thesis,
we involved not only policy level stakeholders but also stakeholders from other levels
of the health care system. Thus, we used the term “stakeholder brief” instead of “pol-
icy brief” for the brief developed for the stakeholder dialogue.

The objective of the stakeholder brief was to provide a short preparatory document
that informed all stakeholder dialogue participants about the dialogue’s content,
background, goals and processes and about the related research project and its find-
ings in a user-friendly language.

In response to the feedback given during discussions between the research team
and the NRP74 StARS project advisory board, the research team decided to not only
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present in the stakeholder brief one but rather in total four application areas for the
results of the studies:

1) a StARS for functioning outcomes for national quality reviews in rehabilitation.

2) a StARS for general assessment and reporting of functioning outcomes in the
clinical context of rehabilitation.

3) a StARS for functioning outcomes for the planning and performance man-
dates for Swiss cantons.

4) a StARS for functioning outcomes for national health statistics.

The reasoning for this decision was two-fold. First, these four application areas were
all identified to be highly correlated. Secondly, addressing all four application areas
made the best use of the time and interest expressed by the participating stakehold-
ers, who came together for the one-day stakeholder dialogue.

Two methods were used to develop the draft of the stakeholder brief. First,
Strengths-Weaknesses-Opportunities-Threats (SWOT) analyses, one developed for
each of the four application areas, were used to systematically inform the stakehold-
er dialogue discussions regarding a StARS for functioning outcomes in each applica-
tion area. SWOT analysis was chosen, as it consists of a simple framework for iden-
tifying and analysing factors that can have an impact on the implementation of a
project or a product, and can provide a source of information for decision making.
Furthermore, SWOT analyses enable health professionals and other stakeholders to
participate more fully in facilitating the implementation of health care improvement
activities [16].

Second, key informant interviews were used to ensure that the content of the stake-
holder brief and specifically the description of the application areas and the SWOT
analyses included in the brief contained all necessary information in a comprehen-
sive way. Nine key informant interviews with stakeholders representing the four appli-
cation areas were conducted by the research team. Each 1.5-hour interview followed
a semi-structured interview guide, which was adapted according to the respective
application area. The interviews were audio recorded and transcribed in the form of
interview minutes, which were shared with and checked by the respective interview-
ees. The content of the interviews and the interviewee feedback were used to com-
plete the final version of the stakeholder brief and to inform the planning stakeholder
dialogue discussions, specifically relevant discussion issues to be considered.

The stakeholder brief was written in German, as this was the language of the stake-
holder dialogue and was mailed four weeks in advance of the dialogue to all partici-
pants. In this e-mail, the stakeholders were asked to read the stakeholder brief in its
entirety, to judge if they agree with the points of the SWOT analyses (yes/no, com-
ments/additions) and to think about important next steps for the implementation of a
StARS for functioning outcomes in the four application areas.
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Results of the stakeholder brief
The following sections were included in the stakeholder brief:

- An introductory summary about the purpose of the stakeholder brief, the
stakeholder dialogue and the related tasks of the stakeholders.

- An abstract that included a description of the underlying problem, the pro-
posed solution i.e. a StARS for functioning outcomes, the research project,
the four application areas and the goal of the stakeholder dialogue.

- A description of the NRP74 StARS research project including its background,
its objectives, its methods and the results of the studies conducted.

- A description of the four application areas of a StARS for functioning out-
comes in the Swiss health care context.

- SWOT analyses for a StARS for functioning outcomes in each of the four ap-
plication areas.

- Information about the process and organisation of the stakeholder dialogue,
including an agenda.

- A participant list for the stakeholder dialogue, acknowledgements, references,
list of abbreviations and appendices, including an overview of additional
sources of information considered for the stakeholder brief (such as the key
informant interviews) and an informed consent form that allowed audio re-
cording and pictures to be taken during the stakeholder dialogue.

The following parts of the stakeholder brief were translated into English, and can be
found in the supplementary materials of this thesis: The abstract (see Appendix 2),
the participant list (see Appendix 3), the agenda of the stakeholder dialogue (see Ap-
pendix 4) and the SWOT analysis for application area 1) a StARS for functioning out-
comes for Swiss national quality reviews in rehabilitation (see Appendix 5).

6.3 Stakeholder dialogue

Stakeholder dialogue methods

A stakeholder dialogue is an evolving method that aims to support and engage stake-
holders in implementing evidence-based solutions for a particular issue [13, 14, 17,
18]. Stakeholder dialogues are a promising mechanism for information sharing of re-
search findings, networking, discussion, consensus development and planning of ac-
tions about related goals and/or processes, including policy, service delivery, financ-
ing and health information collection [13, 17]. Stakeholder dialogues should be
designed to support interactions between researchers and stakeholders, timely iden-
tification and interpretation of the available research evidence and a timely identifica-
tion of accord between research evidence and the beliefs, values, interests, goals
and strategies of policymakers and other stakeholders [13]. In addition, stakeholder
dialogues promote the identification of research issues that match actual needs of
the health care system; this, in turn, fosters a culture of shared responsibility [17].
During a stakeholder dialogue, a group of stakeholders works collaboratively towards
a common understanding of a problem and the best course of action to address this
problem, taking a policy or stakeholder brief as a basis for their discussions [13, 14,
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17]. Stakeholder dialogues are guided by a neutral moderator, who facilitates the dis-
cussions, stimulates participants to confront their views and manages confrontation
over differences of opinion with fairness and assurance that all opinions are heard
[17, 18].

The stakeholder dialogue conducted as part of the present thesis aimed to inform rel-
evant stakeholders about the research project and to develop strategies for imple-
menting a StARS for functioning outcomes in Swiss national rehabilitation quality im-
provement. Furthermore, strategies for developing and implementing a StARS for
functioning outcomes in three other application areas, i.e. in the clinical context of
rehabilitation, in planning and performance mandates of Swiss cantons and in na-
tional health statistics, were discussed but are not further reported in detail in the
present thesis. The participants of the stakeholder dialogues were recruited through
the NRP74 StARS project team and the projects’ advisory board. The stakeholder di-
alogue was conducted according to the Chatham House Rules, meaning that the
identities of the participants or the individual contributions are not reported in detail
to promote an honest and productive dialogue [19]. The dialogue was moderated by
a neutral moderator with expertise in health care and communication sciences, who
was not a member of the NRP74 StARS research team [18].

The stakeholder dialogue included presentations and structured discussions that en-
gaged all the stakeholders, partially organized in subgroups, about the implementa-
tion of a StARS for each of the four application areas. A panel discussion outlined the
project’s background, research results and the four application areas. The structured
discussions were based on the information presented in the stakeholder brief, nota-
bly the SWOT analyses. A detailed agenda of the event is presented in Appendix 4.
A report of the stakeholder dialogue, based on the notes of the research team and
audio recording of the stakeholder dialogue discussions was sent out to all of the
stakeholder dialogue participants. The report also presented the output of the stake-
holder dialogue, i.e. the implementation agenda. All participants had the opportunity
to give feedback on the report. The feedback was then used to finalize the report.

Results of the stakeholder dialogue

The one-day stakeholder dialogue took place in November 2019 at the University of
Lucerne in Switzerland. Out of 32 identified stakeholders, 24 stakeholders participat-
ed in the dialogue and represented: the federal offices of public health (n=1) and sta-
tistics (n=2), health care departments of cantons (n=1), patients (n=2), rehabilitation
clinics and professionals (n=4), quality management organizations including the ANQ
(n=3), institutions responsible for rehabilitation financing such as insurances and tar-
iff commissions (n=5), rehabilitation associations (n=5) and research (n=1). See Ap-
pendix 3 for a detailed participant list.

The output of the discussions was an implementation agenda for the four application
areas. This agenda included the following points in regard to application area 1) a
StARS for national rehabilitation quality reviews:
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- Proposal of a StARS for functioning outcomes for all ANQ rehabilitation areas:
The NRP74 StARS project team will submit to the ANQ Quality Committee
for Rehabilitation a proposal detailing the development and application of a
StARS for functioning outcomes including all rehabilitation areas represented
in ANQ reviews.

- Processes to be followed within the ANQ for the potential implementation of a
StARS for functioning outcomes: The ANQ Quality Committee for Rehabilita-
tion will subsequently discuss the proposal and make recommendations to
the ANQ Board, the decision making body who will determine if the StARS
can be implemented.

- Clarification of opportunities related to the new Swiss national quality commission
and agreements: The NRP74 StARS project team will contact the responsible
persons at the federal office of public health and the partners of the national
quality agreements in order to clarify the possibilities and financing opportuni-
ties related to a StARS for functioning outcomes associated with the renewed
national quality agreements and the newly established national quality com-
mission (to be launched in 2021).

- Creation of a StARS consortium for further collaboration and exchange: All but
one of the stakeholder dialogue participants expressed their commitment to
establishing a consortium for further exchange and coordination between the
stakeholders. The first task of this consortium should be the development of a
roadmap that defines concrete responsibilities and clarifies the financing as-
pects of the next steps. The participants agreed that the Swiss Learning
Health System (SLHS) initiative should be considered as coordinator of this
consortium. The NRP74 StARS team will get in contact with the respective
SLHS board regarding this.

Through the implementation agenda, next steps concerning the ANQ and important
national quality initiatives were clarified and agreed upon. The stakeholders showed
their commitment to further collaboration through the formation of a consortium.

6.4 Evaluation of the stakeholder brief and stakeholder dialogue

Evaluation method

The evaluation of stakeholder briefs and stakeholder dialogues is needed to improve
our understanding of which particular design aspects and follow-up activities are
well-received from the participating stakeholders, as well as our understanding of
whether and how stakeholder dialogues support evidence-informed policy and deci-
sion making [13].

Both the stakeholder brief and stakeholder dialogue were evaluated in an online sur-
vey. The online survey was carefully designed and pre-tested by the research team
according to specific principles [20]. The anonymized online survey was conducted
in German using the survey tool SurveyMonkey® and included 16 questions includ-
ing 5 point Likert scale answers and free text answers. The invitation to the survey
was sent out via e-mail in the week following the stakeholder dialogue. A reminder to
participate in the survey was sent out one week later.
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Results of the evaluation

Of the 24 stakeholders who attended the dialogue, 19 (79%) replied to the survey. All
survey participants rated their experiences with the stakeholder dialogue as good
(53%) or very good (47%). The approach with the stakeholder brief as a preparatory
document was rated by 53% as rather helpful and by 37% as very helpful and was
largely read in its entirety (84%). According to the survey participants’ free text com-
ments, the stakeholder brief provided a good and understandable overview and in-
troduction to the NRP74 StARS project and to its application areas. However, parts
of the brief could have been more concise and the task regarding to the SWOT anal-
yses could have been presented more clearly. The composition of the stakeholders
was perceived as good and considered as appropriate. While three potentially miss-
ing stakeholders (the Association of Swiss Rehabilitation Clinics, medical officers
from health insurance companies and representatives from large rehabilitation clin-
ics) were identified, it was also reported that the group size was rather large. From
the point of view of the participants, the objective of the dialogue was mainly fully
(22%) or rather (56%) achieved. The participants found the dialogue a valuable op-
portunity to gain insight in the NRP74 StARS project and its application areas and to
actively contribute to the discussions and in determining further steps. The partici-
pants rated the organization before and during the stakeholder dialogue as good
(28%) or very good (72%). Moreover, the duration of the event was rated as appropri-
ate by 89% of the participants, while 11% felt it that it was rather long. Lastly, the
statements in the general comment section indicated that the opportunity for ex-
change and discussion with the other stakeholders was highly valued and the day
was described as meaningful, stimulating and interesting.
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Table 1 Overview of the stakeholder involvement activities within the NRP74

StARS research project

Stakeholder group

Stakeholder involvement activities and related goals

PROJECT PARTNERS
12 Swiss rehabilitation clinics, the ANQ and the ICF
Research Branch

Acquisition and consultation of initial project partners
for grant submission (2016)

Goals: To gain initial project partners who support the
research project. To get feedback for the research
project grant submission.

Kick-off meeting (April 2017)

Goal: To gain preliminary feedback of on the first steps
of the research project.

ADVISORY BOARD

19 members representing Government, cantons,
financing, patients, rehabilitation service provider,
rehabilitation associations including relevant health care
professionals and health care quality management
experts

Creation of the NRP74 StARS advisory board (2017)
Goal: To identify suitable members and create an
advisory board for feedback and exchange regarding
the overall NRP74 StARS research project.

NRP74 StARS advisory board meeting 1 (June 2019)
Goals: To present and get feedback on preliminary
project results. To ensure that the project is responding
to and aligned with local, cantonal and federal initiatives
and practices. To identify stakeholders for the
stakeholder dialogue.

NRP74 StARS advisory board meeting 2 (November
2020)

Goals: To present final project results. To get feedback
on the dissemination of the results. To define further
steps and involvement regarding follow-up research and
implementation activities.

NRP74 StARS KEY STAKEHOLDERS

24 stakeholders representing: federal offices of public
health and statistics; cantonal health care departments;
rehabilitation patients, clinics, professionals,
associations, quality management, financing and
research

Stakeholder dialogue including a stakeholder brief
(November 2019)

Goal of the stakeholder brief: To inform all stakeholder
dialogue participants about its content, background,
goals, processes and related research findings.

Goals of stakeholder dialogue: To inform relevant
stakeholders about the research project. To develop
strategies for implementing a StARS for functioning
outcomes in Swiss national rehabilitation quality
improvement.

FURTHER STAKEHOLDERS AND THE PUBLIC

NFP74 StARS Symposium (September 2020)*

Goals: To publicly present the final research project
results. To discuss possible follow-up research activities
and potential collaboration.

*Cancelled due to COVID-19, alternative measures were taken to meaningfully replace this stakeholder involvement

activity
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Discussion and conclusion

This thesis covers an important topic with a clear need for research — the standard-
ization in the field of quality improvement [1-4], arguing that standardization can be
achieved by the means of a StARS for functioning outcomes in national quality re-
views in rehabilitation. The thesis demonstrates how it can be examined if certain as-
sessment tools can be integrated in a StARS for functioning information, how a com-
mon metric that encompasses different functioning assessment scores can be
created as the core of a StARS, how the influence and added value of a StARS can
be examined and how corresponding implementation strategies can be mutually de-
veloped with relevant stakeholders. This final chapter summarizes the main findings
of the four studies and stakeholder involvement activities and discusses the findings
with reference to the research objective, specific aims and related literature. Further-
more, this chapter addresses strengths and limitations and examines the implica-
tions of the findings for practice, research and policy.

7.1 Summary of main findings
The main findings of this thesis can be illustrated through the specific aims of this
thesis.

Specific aim 1, to examine whether the respective scores of the functioning assess-
ment tools used in Swiss national quality reviews in neurological and musculoskeletal
rehabilitation can be reported as unidimensional and interval-scaled metric, was ad-
dressed in two studies. Both studies, one for the assessment tool FIM™ and one for
EBI, showed no fit with the Rasch model in their baseline Rasch analyses. Fit to the
Rasch model was achieved only when the items of the assessment tools were
grouped into two alternative testlets. The alternative testlets divided conceptually
similar items into two super items of equal size and accommodated for local depen-
dencies across the assessment tool items. Based on these two testlet solutions, a
transformation table was created for each assessment tool to convert the raw ordinal
scores of each tool to the corresponding interval-scaled Rasch estimate. Both stud-
ies provide evidence that the total scores of the FIM™ and of the EBI assessed for
musculoskeletal and neurological rehabilitation can be reported as a unidimensional
and interval-scaled metric, when this Rasch-based transformation table is applied.
The approach taken in both studies focuses on the respective total scores rather than
the single items or groups of items by emphasizing the similarity of the items measur-
ing the construct of functional independence, which also represents the level report-
ed in the Swiss national quality reviews. The findings of the two studies show that it
is possible to integrate both tools in an interval-scaled StARS. Furthermore, the find-
ings reflect the importance of addressing the issue of local dependency among items,
a problem that often arises when employing tools developed according to classical
test theory. This problem has recently received attention in the field of Rasch analysis
for health related assessment tools [5-7]. The two studies provide a novel Rasch-
based solution for dealing with local dependency and for enabling the use of well-es-
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tablished assessment tools in clinical practice. The studies show that outcomes as-
sessed with these tools can be transformed on interval scale level and therefore be
validly aggregated for multiple purposes, allowing for a resource-friendly use of the
same data.

Specific aim 2, to create an ICF-based and interval-scaled common metric including
the functioning assessment tools used in Swiss national quality reviews in musculo-
skeletal and neurological rehabilitation was addressed in a third study. The linking to
the ICF according to the ICF Linking Rules showed that FIM™ and EBI are conceptu-
ally congruent assessment tools, fulfilling the first requirement for scale equating, i.e.
content equivalence. The subsequent analysis showed fit to the Rasch model, fulfill-
ing the second requirement for scale equating, i.e. score equivalence. Consequently,
an interval-scaled common metric, which also allows for a transformation of FIM™
and EBI scores, could be established based on the corresponding Rasch estimates.
The ICF-based and interval-scaled common metric enables the comparison of the
functioning outcomes of patients and clinics irrespective of the different tools used.
The common metric builds the core of a StARS for functioning outcomes, which in
turn, supports standardization, data aggregation and comparability, while also allow-
ing for the use of different well-established assessment tools in practice [3, 8].

Specific aim 3, to examine the added value and influence of the interval-scaled and
ICF-based StARS upon the current reporting of functioning outcomes in Swiss na-
tional quality reviews, was addressed in a fourth study. The comparison of inter-
val-scaled reporting with the currently conducted ordinal-scaled reporting showed
that the achieved outcomes reported on an interval-scale level through a StARS
tended to be smaller but more precisely estimated. This finding indicates an overes-
timation of achieved outcomes in the current ordinal-scaled quality reviews. The add-
ed value of grounding the StARS in the ICF was examined by comparing the content
of the common metric with relevant ICF Core Sets. This comparison revealed addi-
tional ICF categories, such as energy and drive functions or maintaining a basic body
position, which should be included in the StARS in order to enhance the content and
international comparability of the Swiss national rehabilitation quality reviews. This
study suggests the decision to apply an ordinal-scaled versus an interval-scaled re-
porting system should be carefully considered, as the magnitude and precision of re-
ported outcomes was demonstrated to be influenced by the type of scale employed
in the reporting system. Furthermore, the study examined the added value of the
StARS’ ICF basis, showing concrete functioning categories that can inform the fur-
ther development of national outcome quality reviews in rehabilitation. The standard-
ization of functioning outcomes through the ICF is of value at different levels of the
health system, such as the use in clinical decision making, comparison of institutions
or rehabilitation programming on a policy level [9].

Specific aim 4, to develop strategies with relevant stakeholders for implementing the
StARS in Swiss national rehabilitation reviews, was addressed in the form of stake-
holder involvement activities, namely through a stakeholder brief and a stakeholder
dialogue. The stakeholder brief was designed to introduce the need for and present
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a proposal of a StARS for functioning outcomes in the Swiss health care system and
to inform all stakeholder dialogue participants about the stakeholder dialogue and
the corresponding research project. The one-day stakeholder dialogue was conduct-
ed to inform the 24 participating stakeholders about the research project and to de-
velop implementation strategies for a StARS in Swiss rehabilitation. The output of the
stakeholder dialogue comprised an implementation agenda, in which the stakehold-
ers decided the next steps regarding the implementation. This agenda included four
main points: i) the preparation of a proposal for a StARS for functioning outcomes for
all ANQ rehabilitation areas, ii) the process to follow within the ANQ for the potential
implementation of a StARS in Swiss rehabilitation quality reports, iii) the clarification
of opportunities related to the new Swiss national quality commission and agree-
ments, iv) the creation of a StARS consortium for further collaboration and exchange.
The subsequent online evaluation of the stakeholder brief and stakeholder dialogue
revealed that the stakeholders were satisfied with the brief and their involvement in
the dialogue and that the stakeholder dialogue objective was reached. The partici-
pating stakeholders valued the opportunity for exchange and discussion with the
other stakeholders and the research team highly and described the dialogue as
meaningful, stimulating and interesting.

7.2 General discussion

This doctoral thesis provides a concrete example of the development of a StARS for
functioning outcomes that can be implemented in national quality reviews in rehabil-
itation. The logic next question is: how exactly can a StARS for functioning outcomes
contribute to strengthening quality improvement in rehabilitation? As introduced ear-
lier, measurement and monitoring are vital to health care quality improvement, as
they provide the means for defining the achievements of health care institutions for
comparing these achievements with set targets in with the ultimate goal of identifying
actions for improvement [1]. A StARS for functioning outcomes based on an inter-
val-scaled and ICF-based common metric supports both measurement and monitor-
ing and also enables the integration of functioning outcomes in health information
systems. Given this, a StARS promotes learning from functioning information, build-
ing an important basis for quality improvement activities [3, 9, 10].

It is important to highlight that although a StARS for functioning outcomes makes da-
ta aggregation possible and fosters data comparison, learning and evidence-based
decision making, a StARS only provides a basis for quality improvement. It does not
automatically or directly lead to quality improvement. Quality improvement necessi-
tates a culture in which this data is actively used, purposefully interpreted and trans-
lated into feasible quality improvement actions or processes [11-13]. A StARS is a
means for supporting this culture. However, a StARS has to be actively used and
continuously refined, in the sense of a continuous learning process. An example for
further development of the StARS developed in this thesis, is the addition of other
functioning assessment tools that better cover the aforementioned missing function-
ing aspects identified though ICF linking and the comparison with relevant ICF Core
Sets [14, 15].

The characteristics of a StARS for functioning outcomes, i.e. its ICF basis and its in-

77



terval-scaled common metric, contribute to laying a foundation for learning and po-
tential quality improvement. On one hand, the StARS’ ICF basis enhances the quality
review content and its comparison with other sources of functioning information. Us-
ing the ICF helps to identify what functioning content is already covered in the re-
views and can inform further the development of the reporting system [16-19], so
that a meaningful and more comprehensive picture of functioning is represented in
the reviews. On the other hand, the interval-scaling characteristic of the StARS al-
lows the valid aggregation and calculation of change scores of the relevant data [3, 8,
20-22]. Moreover, a StARS can strengthen quality improvement by providing com-
prehensive and consistent reporting of functioning outcomes, no matter if collected
with different assessment tools. What matters is the information collected, not the
tool. Thus, a StARS can potentially inform evidence-informed decision making [20].
The studies conducted within the scope of this doctoral thesis show how different as-
sessment tools measuring the same aspects of functioning can be integrated in a
StARS on an interval scale basis. This means that any subsequent data aggregation
is valid and make the comparability of the data collected with different tools in differ-
ent rehabilitation clinics possible. The ability to continuously compare data across
clinics enriches the data, which can in turn inform continuous improvement. This
continuous cycle of improvement constitutes a learning health system [9]. It is note-
worthy that the current practice in the Swiss system of invalidly aggregating ordi-
nal-scaled functioning data and using this data for calculating means and change
scores is not uncommon nor isolated in Switzerland. The practice is seen in other
comparable national rehabilitation quality reports or databases, such as the ones
from the Australasian Rehabilitation Outcomes Centre (AROC), the Canadian Institute
for Health Information (CIHI) or the US Model System [23-25].

Learning, evidence-informed decision making and potential improvement of care re-
sulting from the reporting of functioning outcomes through a StARS are all possible
at all three levels of the health system [9]. At the micro level, clinicians can compare
individual patients with each other, or a clinician can compare her or his achieve-
ments in comparison to other clinicians treating patients groups with similar profiles.
Consequently, this comparison can foster clinical decision making, goal setting or
the evaluation of the treatment [26]. Furthermore, clinicians can continue to use
well-established assessment tools that fit their clinical needs. At the meso level, the
level reflected by the ANQ reviews, the service provision of a rehabilitation clinic can
be compared with that of other clinics, irrespective of the assessment tool the clinic
uses. Likewise, at the macro level, population level achievements of a region or a
country can be contrasted to the another region or country. Such comparisons can
inform and guide rehabilitation programming [9]. There is dynamic influence across
these three levels. In other words, if quality improvement activities at the meso level
are informed by functioning outcomes assessed and reported through a StARS, the
quality improvement activities at the other two levels can potentially profit as well. In
fact, the meso level is considered the connector of all the levels. The data that has to
be collected at the patient level flows through the meso level service provider to the
macro level for use in rehabilitation policy or national health care quality initiatives,
among other things [4, 27]. Moreover, if a standard reference, such as the ICF as in
the case of the present doctoral thesis, is used, consistency across all three levels is
enhanced [9].
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In order to support measurement and monitoring of useful quality indicators at all
three levels, these indicators need to be carefully designed in order to measure
whether the set objective is achieved. In rehabilitation, the overarching objective is
the optimization of patient functioning [1, 28, 29]. Unfortunately, quality indicators
are often selected on the basis of whatever data are routinely available on the micro
level [1]. As the basis of the StARS, the ICF, specifically the ICF Core Sets (i.e. pur-
pose tailored shortlists of ICF categories developed in a standardized multimethod
scientific process) [30], can help the choice of meaningful functioning categories to
be reported as functioning quality indicators [8, 15, 30].

In any case, if comparisons are made, irrespective of the health care level, it is im-
portant to consider proper risk adjustment methods in addition to a StARS, to further
ensure that the comparison is done on equivalent data [31-33].

In addition to the design of the indicators, it is essential that users of the collected
data at each health care level carefully consider how to use the data to optimally sup-
port quality improvement activities. For example, researchers encounter a challenge
when they want to use data collected in the context of quality improvement for re-
search projects. Many countries make a distinction between data used for quality im-
provement and data used for research, even though these two application areas are
not reliably distinguishable [34, 35]. This was also the case in the research conducted
as part of this thesis, as clear guidelines for the use of quality improvement data in
research projects are not yet available [36].

Berwick et al. assert that functioning outcomes-informed quality improvement activ-
ities at all three levels supposedly act on the change pathway [37]. Although informa-
tion used for the change pathway also automatically contains relevant information for
informing patients or referring physicians and the related selection pathway, informa-
tion on health care quality is currently still scarcely used for the selection pathway
[37, 38]. In order to influence not only the side of the provider through the change
pathway, but also the selection behaviour of the one choosing the provider, the gran-
ularity of reporting would most likely need to be higher and better fitted to the con-
sumer’s needs. Currently, the level of granularity of reporting often only stays at the
level of the clinic or the rehabilitation department, e.g. neurological rehabilitation.
More detailed reporting, such as on the level of diagnosis or the level of the treating
clinician could support informed decisions on the selection pathway [39].

A StARS for functioning outcomes has additional application areas beyond its use in
quality improvement. Other than the application areas already mentioned in the
stakeholder brief and dialogue, such as the planning and performance mandates of
cantonal or state authorities, and in national health statistics, two application areas
warrant attention. One application area is the use of a StARS for functioning out-
comes in clinical decision making, i.e. as the starting point for developing a clinical
decision support tool [40-42]. A StARS could promote a more comprehensive under-
standing of functioning in patients with certain diagnoses or patient profiles, which in
turn, can be fundamental for rehabilitation planning and decision making among
health professionals and patients [43]. Another application area of a StARS is its use
for data aggregation in research projects. A StARS can be used to learn from func-
tioning information assessed with different tools applied in different research projects
or databases. A StARS could foster data aggregation in meta-analyses such as in
Cochrane reviews [44], or in other research projects that need to aggregate function-
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ing outcomes derived from different sources or collected with different tools, e.g.
making functioning outcomes of patients with hand osteoarthritis assessed with dif-
ferent commonly used assessment tools comparable [45].

7.3 Limitations and strengths

This section highlights internal and external limitations and strengths of the doctoral
project.

One project internal limitation is that the StARS developed for this project encom-
passes only two functioning assessment tools. Moreover, these two tools only cover
certain functioning aspects (according to ICF linking presented in Chapter 4) and do
not reflect a complete picture of patient functioning outcomes. Nevertheless, these
specific functioning aspects are the ones that are reflected in the current Swiss sys-
tem for quality reviews in rehabilitation. In order to represent a more comprehensive
and more meaningful picture of patient functioning, an ICF-based StARS would need
to be developed according to the four steps recommended to be followed when doc-
umenting functioning with the ICF. These steps are: 1) defining ICF domains to docu-
ment, 2) choosing the perspective to take, 3) selecting data collection tools and 4)
deciding on a reporting approach, such as the use of an interval-scaled common
metric [8].

Other project internal limitations exist in regard to the methodology employed. First,
in order to include all scoring options of the FIM™ that exceeded the Rasch analysis
RUMM2030 software limit of 101 scoring options, the creation of the common metric
had to be adjusted following a novel two-tiered approach [46]. Furthermore, the cre-
ation of the common metric included only neurological rehabilitation cases, even
though musculoskeletal rehabilitation cases would also be needed for the common
metric. Having only neurological cases for the development of the common metric is
attributed to the ANQ ADL score data, as this data only contained neurological cases.
Nevertheless, based on the results of the first two studies (see Chapter 2 &3) it can
be concluded that the common metric can also be applied for musculoskeletal reha-
bilitation, as there was no indication of different item functioning (DIF) for the two re-
habilitation groups. Second, the examination of added value and impact of the com-
mon metric was also conducted in a novel self-designed format, as there are no
established standards yet on how to examine the added value and impact of an ICF-
based and interval-scaled StARS. This may have resulted in potential bias in study 4.
Third, the StARS developed in this thesis is oriented towards the assessment tools’
total scores and does not allow the reporting at the level of single items or subgroup
of items. Reporting at the single item or subgroup level may be of interest to clini-
cians or other researchers. In the field of scale equating, different approaches exist;
the research team decided for the total score-based approach suggested by Andrich
[47]. The other scale equating approaches were not chosen due to certain disadvan-
tages. For example, the expert-consensus-based approach applied in the develop-
ment of the ANQ ADL score has the disadvantages that it is ordinal-scaled, item-
based and does not consider the operational ranges of the included scales [48].
Another approach not chosen is the Leunbach’s model, which only allows for direct
equating between two scores and does not result in a neutral common metric. The
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latter impedes the comparison of more than two tools [49].

A project external limitation is the fact that a StARS itself has its limits. There are cer-
tain risks in public quality reports that cannot be influenced by a StARS, like the qual-
ity of data reported by the clinicians or clinics and potential manipulations. Data qual-
ity issues may be due to unrealistic external targets or disincentives, such as
quality-related payment schemes [1, 50, 51].

Furthermore, a StARS should be used with thought and prudence. Even though with
the StARS developed in the scope of this doctoral thesis has enabled the aggrega-
tion and comparison of outcomes of the different rehabilitation groups of neurologi-
cal and musculoskeletal rehabilitation, attention must be paid that “like is compared
with like”, as already mention in relation to the risk adjustment.

Moreover, in order to optimally learn from functioning outcomes used for improving
the quality of care, data on structure and processes would be needed according to
the Donabedian model [52] to understand what aspects influence desirable or
non-desirable outcomes. Such information would also need to be assessed and re-
ported in a standardized way. However, as data on structure and processes do not
incorporate aspects of functioning, they cannot be included in a StARS for function-
ing outcomes as presented in this thesis.

A project internal strength is the project’s novelty; it is the first concrete StARS for
functioning outcomes that has been developed for use in national rehabilitation qual-
ity improvement. It is a concrete response to the expressed need for comparing the
functioning outcomes of various clinics that have been assessed with different tools
and to aggregate data in national rehabilitation quality reviews in musculoskeletal
and neurological rehabilitation. With this concrete StARS standardization is possible
without having to define a single assessment tool as a standard and more important-
ly, clinicians can continue to use the tools they have been using and which best fit
their specific needs.

Additional project internal strengths lie in the methodology applied in this project.
The developed StARS and the corresponding studies build upon a relevant and large
patient sample with national coverage, representing all of Switzerland’s language re-
gions. The creation of the common metric employed the same data as the currently
applied ANQ ADL score. This allowed a meaningful direct comparison of the two re-
porting systems. Another project internal strength is the active involvement of stake-
holders in the development of implementation strategies in order to bridge research
and practice. The doctoral thesis studies focused not only on the development of the
StARS but also on its influence and added value in contrast to the existing national
quality reporting system. This helped to inform corresponding implementation efforts.
Moreover, concrete implementation strategies were worked out together with rele-
vant stakeholders based on a stakeholder brief and through the conduct of a stake-
holder dialogue [53-55].

There are also several project external strengths. First, the research presented in this
thesis covers a topic in which research is needed [2, 4]. The research project is in line
with WHO’s Rehabilitation 2030 initiative that calls for the optimization of functioning
through rehabilitation and for the integration of functioning data in health information
systems. In this initiative, functioning data is seen as underpinning decisions in health
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policy, management and clinical care and have the potential to facilitate the alloca-
tion of rehabilitation resources and strategic decision making [56]. The present re-
search is also aligned with WHO’s mission to assist countries to develop a compre-
hensive rehabilitation-specific strategic plan that should include monitoring,
evaluation and review processes of rehabilitation services [57]. In addition, according
to the stakeholders involved in the NRP74 StARS advisory board and stakeholder di-
alogue, the project covers a concrete need in the Swiss system for quality develop-
ment in rehabilitation. They appreciated the potential application of a StARS for func-
tioning outcomes in diverse application areas, such as performance mandates of the
Swiss cantons or its use in Swiss national health statistics. Furthermore, the stake-
holder dialogue led to the commitment of the participating stakeholders to follow-up
activities and the plan to establish a StARS consortium supporting the implementa-
tion of the research presented in this thesis and other potential research projects re-
garding the standardization of functioning outcomes. The concrete planning of fol-
low-up activities is in line with the guiding principles of how stakeholder dialogues
should be conducted to support evidence-informed implementation and policymak-
ing [53].

7.4 Implications

Practical implications

A major practical implication of a StARS for functioning outcomes is that it allows cli-
nicians and clinics to continue using the assessment tools that they have been using,
while also enabling the comparison and aggregation of functioning outcome data
across clinics and clinicians who use different assessment tools. The tools used can
be chosen based on the clinic’s and clinicians practical needs, such as less time re-
quired for the assessment or a simpler rating system [58, 59]. Likewise, clinically
meaningful assessment tools can continue to be used; a StARS does not require that
a single tool is defined [60]. Furthermore, different tools are differently suited for spe-
cific patient populations. For example, the result of the last study presented in this
thesis (see Chapter 5) showed that the EBI has ceiling effects in the musculoskeletal
population, meaning that the EBI scale cannot adequately differentiate between pa-
tients with high functional independence. Also to be considered on this behalf, is that
floor and ceiling effects may increase bias and uncertainty in statistical evaluations
[61], what is relevant when statistics are considered for making decisions in clinical
practice as well as other decisions at all levels of health care.

The studies presented in this thesis show that existing tools can be further used, but
in order to do so they need to be critically evaluated regarding their unidimensionali-
ty and transformability onto the interval-scale level. The Rasch model, as applied in
the underlying studies, can provide solutions for reporting the total scores of ordinal
scaled assessment tools on interval scale level and the ICF can help to make the
content of these tools comparable [62, 63]. The transformation of the assessed data
to the interval scale level or the integration into a common metric can take place in
the background, e.g. through the programming of automatic conversions when the
data is entered into the electronic health record. The way the data is collected does
not change, but the way in which the related functioning outcome data is aggregated
and interpreted does.
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As stated above in the discussion section, being able to learn from the valid aggrega-
tion and comparison of functioning outcomes and improvement in care are expected
consequences of a StARS. The mechanisms of how this data can be best used to
bring improvement in clinical practice requires further investigation, especially in
consideration of different treatment modalities and patient profiles hat lead to better
outcomes [64].

Research implications

The knowledge gained and the methodology applied in the research presented in this
thesis can inform future research that focuses on standardizing the reporting of func-
tioning outcomes. Further research is also needed on the mechanism of how the in-
formation provided through a StARS can influence and best support quality improve-
ment activities to ultimately lead to quality improvement of care. Moreover, other
examples of a StARS for functioning outcomes should be created. For example, a
newly created StARS could target other functioning assessment tools, such as tools
focusing on participation [17], other rehabilitation groups, such as cardiovascular re-
habilitation, or other similar national rehabilitation outcome quality reviews such as
the one from AROC [23].

Researchers need to consider that data resulting from functioning assessment tools
might be ordinal-scaled and has to be transformed onto interval scale level before
the data can be validly aggregated and used for calculations such as change scores,
as shown in the present thesis. Otherwise an over- or underestimation of the achieved
functioning outcomes can occur, as already found in previous research [22, 65, 66].
Another implication for research addresses implementation. Since the implementa-
tion strategies for the Swiss context have been identified in the research related to
this thesis, carrying the process of implementation to the next and concrete level is
warranted. For this purpose, conducting further implementation research would be
beneficial. Specifically, research on what leads to a successful implementation of
StARS for functioning outcomes and the ideal approach for informing quality im-
provement initiatives in rehabilitation [67]. For this implementation research, it would
be valuable to again incorporate the perspective of relevant stakeholders, as the ap-
proach of actively seeking stakeholder involvement as part of the present thesis was
much appreciated by the participating stakeholders, the research funder and the re-
search team.

Policy implications

This thesis describes the development of a StARS for functioning as a health indica-
tor and main indicator for rehabilitation. Functioning was operationalized using the
ICF, the internationally recognized standard for documenting functioning [62, 68, 69].
The ICF basis of the StARS illustrated in this thesis makes it possible to conceptually
decide whether existing assessment tools can be included in a StARS. Furthermore,
the ICF basis supports the standardization and the international comparability of the
tools encompassed in a StARS, as WHO Europe calls for in national quality monitor-
ing programmes [1]. Likewise, the comparison of different clinics, regions or nations
on a larger scale supports optimal planning and overarching quality improvement ini-
tiatives, whereby thinking outside the box of institution related quality improvement
[70].
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In terms of Switzerland, there is support for implementing the developed StARS for
the national ANQ quality reviews in musculoskeletal and neurological rehabilitation
and for developing and implementing it in other rehabilitation areas as recommended
in the stakeholder dialogue. Implementing the developed StARS would ensure that
the calculations and aggregations already conducted in the current quality reviews
would be done on a valid interval-scaled basis [22, 71]. Furthermore, the StARS’ ICF
basis showed how the current Swiss system can be meaningfully expanded to com-
plete the picture of patients’ functioning outcomes in national quality reviews.
Moreover, the research in the present thesis can also been seen as an acknowledge-
ment of the importance of functioning information for the field of rehabilitation and for
the health system as a whole [72]. This was also confirmed by the participants of the
stakeholder dialogue.

Last but not least, an additional implication on the policy level is related to research
ethics and quality improvement data. The procedure for getting ethical clearance for
conducting research in the field of quality improvement is challenging [34-36]. Poli-
cies should be developed for improving protections of participants in quality im-
provement projects while minimizing burden on researchers seeking to collect or use
quality improvement data. These policies should include clear guidelines and reason-
able ethical oversight that aligns risks with the needs of a learning health system [35].

7.5 Conclusion

This thesis demonstrates how a StARS for functioning outcomes for use in national
quality reviews can be created, how its influence and added value can be examined
and how related implementation strategies can be developed thorough stakeholder
involvement. A StARS enables aggregation and comparison of functioning outcomes
assessed with diverse established assessment tools through an ICF-based and inter-
val-scaled common metric. A StARS also promotes learning from functioning infor-
mation and can inform continuous improvement activities as part of a learning health
system. The results of this thesis call for carefully considering whether a reporting
system applies an interval or ordinal scale as the interpretation of reported function-
ing outcomes with the latter might lead to misinterpretation of the outcomes. The
StARS’ ICF basis brings added value by informing the further development of func-
tioning as a relevant indicator for national outcome quality reviews in rehabilitation,
while also fostering international comparison. Lastly, a StARS for functioning out-
comes can be applied at the different levels of a health system- at the micro level to
support clinical decision making, at the meso level to support institutional evaluation
and quality improvement and at the macro level by guiding the national rehabilitation
programming.
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Appendix 2

Abstract stakeholder brief

Extract of the NRP74 StARS Stakeholder Brief (page 3)
Abstract in English

Problem: Functioning information is important at different levels of the health system.
However, this information is collected with a wide variety of assessment tools, where-
by impeding aggregation and comparison.

Proposed solution: An ICF-based (International Classification of Functioning, Disabil-
ity and Health) and interval-scaled Standardized Assessment and Reporting System
(StARS), which increases usefulness and comparability of functioning information.

Project: In the NRP74 StARS project, two concrete examples of a StARS for function-
ing information are being worked out: one for the Swiss national rehabilitation quality
reviews (part A), and one for supporting clinical decision making in the rehabilitation
of patients with a spinal cord injury (part B).

Goal of the stakeholder dialogue: The discussion and elaboration of the next steps
towards the implementation of StARS in four potential application areas in Switzer-
land.

Areas of application: Four application areas are at the centre of the stakeholder dia-
logue. A StARS for functioning information in:

1) Swiss national quality reviews in rehabilitation (ANQ reviews)

2) the general assessment and reporting in rehabilitation in the Swiss clinical context
3) the planning and performance mandates of the Swiss cantons

4) Swiss national health statistics
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Appendix 3

Participant list stakeholder dialogue

Extract of the NRP74 StARS Stakeholder Brief (page 20), stakeholder names
are not displayed according to the Chatham House Rules

Representation | Institution Function/Department

| Scientific employee, Department of health and accident insurance,

Federal Office of Public Health | section quality and processes

Federal Office of Statistics Director, Section of health and population
Federal offices & Federal Office of Statistics . Scientific employee, Section of health and population
cantons
;:::: S?S;aﬂmenl Sianon of | Director, quality monitoring
;;:::: Department Canton of Directar of rehabilitation, Department of health services
Commission for medical tariffs, | Commission for medical tariffs, accident insurance law,
accident insurance law | Department of inpatient tariffs
SwissDRG AG Project manager rehabilitation tariffs, Department of economics
Finances Santésuisse Project manager eHealth
curafututura Medical officer, KPT health insurance

Swiss Insurance Association (SVV) | Chief physician, department of health and accident insurances

Plateforme-Reha.ch Member of the committee

Clinics and Swiss Reha Ticino

e o | Di rector of the board and coordinator
rehabilitation areas

H+ (association of Swiss hospitals) | Project lead, quality and patient safety

Swiss Medical Association (FMH) Scientific employee, Department of data, demographics and quality

Swiss Society for Physical
Medicine and Rehabilitation | President of the committee
(SGPMR)

Swiss Association of Rehabilitation | Presidriiof the commities

(SAR)
Rehabilitati ; z i S :
g ab.' “_a"m Swiss Paraplegic Centre Director research rehabilitation guality management (RQM)
specialists
Swiss Society for Paraplegia | " )
(SSoP) President of the committee
Rehabilitation clinic Institution de Medical director and chief physician neurclogical rehabilitation,
Lavigny member of ANQ Quality Committee for rehabilitation
Swiss Society for neurological

rehabilitation (SGNR) Member of the committee

Swiss Paraplegic Association

(SPV) Member of the executive management

Patient perspective | Umbrella association Swiss patient

| President of the committee
centres

Swiss Patient Security Foundation | President of the foundation council

National Association for Quality
Development in Hospitals and | Director Department of rehabilitation
Clinics (ANQ)

Charité - Universitdtsmedizin Berlin
(scientific council and reporting
institute of the ANQ)

Health care quality Officer ANQ rehabilitation data collection and reports

Swiss Society for Quality

Management in Healthcare (sQmh) Former Vice-president of the committee

Research and
knowledge transfer

NRP74 Smarter Health Care Head of knowledge transfer




Appendix 4

Agenda stakeholder dialogue, 25 November 2019

Extract of the NRP74 StARS Stakeholder Brief (page 18)

Location: University of Lucerne, Frohburgstrasse 3, Lucerne, Room 3.B48,
Lead and moderator of the entire day: Sarah Mantwill, Coordinator Swiss Learning Health System

08:15 - 09:00 Welcome Coffee
09:00 — 09:45 Welcome & Introduction
Furctianing in the lzarning health system & the four application areas of a
SIARS for functioning outcomes
Geroid Stucki, Principal Investigator NRP74 StARS project
Roxanne Maritz, PhD student NRP74 SIARS project pard A Quality improvement
Jsabel Hodel, PRD student NRP74 SIARS project part B Clinical Decision Making

09:45 - 10:30 Panel discussion for application areas 1) StARS for
functioning cutcomes national rehabilitation quality reviews
and 2) general assessment and reporting in the clinical context
in Swiss rehabilitation
Presentation discussion and clarification of open questions in regard to the
application areas and the correspanding SWOT analyses in the policy brief
ANQ representative for application area 1

Swiss Paraplegic Centre representalive for application area 2
Gerofd Stucki. Roxanne Maritz, Jsabel Hodel (NRFP74 SIARS project team)

10:30 - 11:00 Coffee break

11:00 -12:30 Group discussions application area 1
Group discussions application area 2

12:30 -13:45 Lunch break

13:45 -14:30 Plenary - Creation of the implementation agenda
Presentation of the group discussions, plenary discussion to elaborate concrete
next steps towards implementation of the NRF74 StARS projects outputs

14:30 - 14:45 Coffee break

14:45 -15:45 Plenary discussion application areas 3) a StARS for
functioning outcomes for the planning and performance
mandates of Swiss cantons and 4) a StARS for functioning
outcomes for national health statistics.

Assessment of current situation and needs. Opening comments from:
Representative of the Canlon of Basel-Stad!, Representative of the Canlon of
Zirich, Representative of the Federal Office of Statistics, Representative of the
Federaf Office of Pubfic Health

15:45-16:00 Concluding feedback round, outlook and closure
Gerold Stucki Principal Investigator NAP74 StARS project

16:00 - 17:00 Apéroriche
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Appendix 5

SWOT analysis

Extract of the NRP74 StARS Stakeholder Brief (page 11)

SWOT analysis for application area 1: StARS for national quality reviews in rehabilitation
Yes/No: Please indicate whether you agree with the respective point (yes) or not (no)

Comments/additions: Please indicate possible comments or additions to the points already mentioned

Yes/No:

| Weaknesses

Yes/No:

therefore potential further development.

Comments/additions:

| comparability, ordinal scaled reporting would

still be necessary. This might lead to

| confusion.

Comments/additions:

Strengths
1) The developed StARS can be directly Ya 1) Currently, only two assessment tools are Yo
used for reporting, without changing the N o included in the corresponding StARS for the No
data collection method. [ AMQ. An extension is possible, but resource
intensive.
2) The developed StARS is based on the Ya 2) The developed StARS must be extended to | ¥ o
ICF, the international recognized WHO N o | the other ANQ rehabilitation areas and No
classification for functioning. instruments, so that the ANQ evaluation logic
is the same across all areas.
3) The developed StARS is based on Yo 3) The StARS project includes a Yo
interval scaling. This allows the valid N o | transformation algorithm of EBl and FIM™ No
calculation of the difference between scores, although such algorithms have
admission and discharge scores. already been developed using a different
methodology (ANQ ADL score, SwissDRG
| transformation).
4) The developed StARS makes the Yo
outcomes assessed with EBl and FIM™ No Comments/additions:
directly comparable and takes the
operational range (coverage of the
difficulty levels) of the two integrated
assessment tools into account.
Comments/additions:
Opportunities Yes/No: : Threats Yes/No:
1) The developed StARS can be adapted | Y o E ) Users of the ANQ reports do currently not Yo
and supplemented with further N o have an intuition how to interpret the interval | N o
assessment tools. scale of instruments (compared to their
ordinal scale to which they are used to).
2) The StARS' interval scaling does not Yo 2) Although a StARS would allow cross- Yo
lead to an over- or underestimation of the [N o sectoral comparisons, caution must be taken | No
achieved outcome quality, in contrast to | to compare like with like.
the current practice with calculations
based on ordinal scaling.
3) The ICF basis of the StARS shows gaps | ¥ o | 3) On an international level, ordinal scales are | Y o
in the current ANQ review system and No often reported. Thus for international No
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