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The Glasgow Outcome Scale (GOS), its successor the Glasgow
Outcome Scale-Extended (GOSE),' and the Disability Rating
Scale (DRS)” represent a desire for a single outcome score that
can be used to track the progression of a patient with brain injury
(BI) from coma to community. Although the GOS/GOSE and
DRS have been rightly criticized for their psychometric and other
limitations,” these scales span the major domains of the Infer-
national Classification of Functioning, Disability and Health—
that is, bodily functions, activities, and participation.® These early
outcomes scales also map directly onto the conceptual domains
identified as representing outcome in 2010 by the Common Data
Elements (CDE) Task Force (fig 1). Two of the areas targeted by
the CDE Task Force but not explicitly mentioned by the GOSE
and DRS—behavioral function and neuropsychological impair-
ment—may be considered more detailed and objective measure-
ments of cognitive limitations that are clearly targeted as outcome
indicators by both the GOSE and DRS. The additional domains
identified by the CDE Task Force (health economic measures,
patient-reported outcomes) represent, in the former case, an
outcome indicator that does not reside within the person with BI,
and in the latter case, a domain that overlaps with other domains.

The Traumatic Brain Injury Model Systems (TBIMS) study
group has implicitly endorsed this conceptualization of outcome
by retaining the GOS/GOSE and DRS throughout its 30-year
history. The TBIMS group adopted the Satisfaction With Life
Scale’ to represent important content that was absent from the

An audio podcast accompanies this article.
Listen at www.archives-pmr.org.

Supported by a Department of Veterans Affairs, Veterans Health Administration, Rehabilita-
tion Research and Development Career Development Award to Kean (award no. CDA
IK2RX000879), and by the Health Services Research and Development Service (grant no. CIN 13-
416). The views expressed in this article are those of the authors and do not necessarily represent the
views of the Department of Veterans Affairs.

Disclosures: none.

GOSE or DRS. Although included in both the GOSE and DRS,
specific indicators of independent living and productive activity
that appear basic to our idea of outcome are also recorded sepa-
rately in the TBIMS longitudinal database. In short, the domains
described in figure 1 appear to represent a conceptualization of
outcome that has been informed by early outcome scales and has
withstood the test of time, with ongoing and recent endorsement
by the TBIMS study group and by the CDE Task Force.

Reflective outcome measurement

The GOSE and DRS are reflective measures. Reflective measures
are composites of individual items (ie, observed variables) that are
indicators believed to describe or reflect an underlying construct
(ie, latent variable).8 In contrast, formative measures, as we
explain in more detail below, are composed of indicators believed
to determine or form the construct. Socioeconomic status (SES) is
an example of a formative measure. In reflective measurement,
latent constructs are typically measured as the aggregation of
reflective indicators (ie, items in a scale) because the indirectness
of the indicators requires that several aspects be considered
together to reasonably approximate a construct. The ability of a
reflective measure to differentiate ability is related to the number
of items and their interrelatedness. Because good measures reli-
ably differentiate performance and better measures do so with
greater precision, the recipe for creating the best measures is to
develop a large number of interrelated items that reflect the full
range of ability on the construct of interest.

However, improving reflective composites of global outcome
such as GOSE and DRS using this approach is difficult because
outcome is so broad and likely multidimensional. In other words,
completely capturing a broad conceptual domain along a contin-
uum “from coma to community” can come at the cost of
compromised measurement precision. Satisfaction with life, for
example, which is perhaps as important as or more important to
outcome than activities and participation, is a domain found by
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Fig 1  Brain injury outcome domains and recommended measures.
Abbreviations: CHART-SF, The Craig Handicap Assessment and
Reporting Technique—Short Form; PART, Participation Assessment
with Recombined Tools; TBI, traumatic brain injury.

Corrigan and Bogner’ as well as in our own unpublished work to
be statistically orthogonal (ie, uncorrelated) to other outcome
domains. Other outcome domains depicted in figure 1 correlate to
varying degrees with one another. The complex relationships
among these various outcome domains pose a significant chal-
lenge to the establishment of a single outcome scale to
track recovery.

One approach to improving on available but coarse reflective
measures is the use of advanced multidimensional and hierarchical
psychometric models to account for the complex relationships
among latent traits. One might, for example, collate extant items
from available reflective measures, such as those listed in figure 1.
We are currently collaborating on a TBIMS module project of this
type. A challenge for efforts such as this is that the psychometric
qualities of these available measures vary considerably. Fitting
demanding new models to older scales not designed to be
consistent with such frameworks can result in poor fit and viola-
tions of model assumptions.'’ Developing new multidimensional
reflective measures from the ground up may yield more precise
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indicators believed to determine the construct.® In a formative
model, the indicators (ie, items) do not reflect the latent construct
because it makes more conceptual sense to view the construct as
the reflection of the items (rather than vice versa as in reflective
measures). Bollen and Lennox® offer the example of SES as a
construct that is realized as the aggregation of 4 formative in-
dicators: education, occupational prestige, income, and neigh-
borhood. In this case, the direction of determination flows from
the 4 indicators to the concept of SES rather than the reverse, as
would be the case for a reflective measure. A formative measure
may combine various types of indicators (eg, categorical, ordinal,
continuous) that may or may not be correlated. For example, the
components of SES are not highly correlated, but each informs the
assessment of an individual’s SES. That is, a college professor
may be of relatively high SES on the basis of education and
occupational prestige despite relatively low income, whereas a
lottery winner may achieve greater SES based on income alone. A
formative measure, in simplest form, is based on a regression
model in which the dependent variable is the construct of interest
and the explanatory (predictive) variables are observable in-
dicators.® For this reason, including variables in the model that are
correlated with the latent trait, in this case outcome, but not with
each other, should improve the model.

Table 1 shows criteria offered by Jarvis et al'> to help re-
searchers consider whether the relationship between measures and
the construct of interest is reflective or formative. The first set of
questions relates to the direction of determination between the
construct and its indicators, the second to the interchangeability of
the indicators, the third to the covariance among indicators, and the
fourth to the nomothethic net, or antecedents and consequences, of
the indicators. Despite these criteria, the general advice is that most
constructs can be measured reflectively and that researchers should
opt for reflective measurement, if possible.'® Nevertheless, for
constructs such as SES, the consensus seems to be that formative
measurement is a better option than a reflective measure with in-
dicators such as “How high are you up the social ladder?” (as
suggested in Borsboom et al'*P196%)),

Despite the potential advantages, many have been critical of
formative measurement.'* One issue is the challenge of determining
how to aggregate and weight components, which has been shown to
have pronounced effects on the ordering of cases of interest.'”> A
related issue is the need to include reflective measures in the
measurement model as determinants of the formative construct to
achieve identification. In other words, without also modeling
reflective measures “caused” directly or indirectly by the formative
construct, there are an infinite number of solutions to a formative
measurement model. However, the choice of reflective measures
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