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Abstract. We have yet to realise reconciliation between metrology in the physical 
sciences and measurement practices in the social sciences. Here, we build on our 
previous arguments by proposing a psychometric methodology to support metrology 
in the social sciences. This will be exemplified in the European EMPIR NeuroMet 
15HLT04 project, part of which exploits causal Rasch models, novel construct 
specification equations, and subsequent improved patient centred cognition 
measurement in support of healthcare and policy decision-making in Alzheimer’s 
disease. In addition, the programme’s goal of forming key stakeholder networks, 
including clinicians, instrument manufactures, biopharma, national and international 
organisations, will ensure consistent uptake of the new measurement methods.  

1. Introduction 

This is the third in a series of IMEKO papers combining metrology, psychometrics, and philosophy to 
support the global comparability and equivalence of results in social measurement practices supporting 
high stakes decision making (e.g., education, healthcare). In our first paper, we concluded that 
measurement, whether physical or social, should have the same definition (i.e., the ratio of two 
magnitudes of the same attribute, where the denominator is the unit, providing for invariant 
comparisons) and the same broad goal (i.e., quantification of meaningful variables) [1]. By way of 
application, we turned the spotlight on patient (or person) centred outcome measures (PCOMs; e.g., 
questionnaires, biometric equipment, wearables) that quantify patients’ health (e.g., pain, mood, and 
function) or experience of healthcare. To ensure decision makers within health systems have access to 
the necessary objective evidence, we proposed the requirement for the same kind of quality-assurance 
                                                      
5  To whom any correspondence should be addressed. 

mailto:jeanette.melin@ri.se
mailto:leslie.pendrill@ri.se
mailto:jstenner@Lexile.com
http://creativecommons.org/licenses/by/3.0


XXII World Congress of the International Measurement Confederation (IMEKO 2018)

IOP Conf. Series: Journal of Physics: Conf. Series 1065 (2018) 072033

IOP Publishing

doi:10.1088/1742-6596/1065/7/072033

2

 
 
 
 
 
 

of PCOMs as is established in physics and engineering [2]. i.e., ‘traceability’ and declared 
measurement uncertainty.  

In our second paper, we emphasised the importance of international collaboration to realise a higher 
standard of social measurement practices, with five considerations: 1) key stakeholder involvement 
(including patients, clinicians, caregivers, policy makers); 2) a clear definition of the measurand in 
regards to the intended clinical use [3]; 3) a clear definition of the clinically allowable error of 
measurements; 4) international cooperation and consensus to navigate the complexities of the 
development of metrologically sound reference measurement systems; and 5) continued clinical 
validation of newly calibrated instruments. The ultimate benefits of this kind of international 
collaboration would include traceability, comparability, and (possible reduction) of measurement 
uncertainty. 

In this paper, we bring together the two main threads of the above arguments, in the context of an 
ongoing European Union funded programme research into neurodegenerative diseases. First, we 
describe the central role of Rasch Measurement Theory [4], and especially causal Rasch models [5], to 
enable references for traceability and means of evaluating measurement uncertainty to be established. 
Second, we introduce the European EMPIR NeuroMet 15HLT04 project [6] which, as part of its remit, 
is producing improved PCOMs in support of healthcare clinical and policy decision-making in 
Alzheimer’s disease.  

2. The central role of Rasch Measurement Theory in Patient Centred Outcome Metrology 

Georg Rasch, a Danish mathematician, argued that the core requirement of social measurement should 
be the same as that in physical measurement (i.e., ‘invariant comparison’). He developed the simple 
logistic model (now known as the Rasch model). In his landmark research in education and 
psychology, he demonstrated that his approach met the stringent criteria for measurement used in the 
physical sciences [7]. Rasch Measurement Theory models linearized ordinal (counted fraction) 
summed scores through paired comparisons of any two persons, any two items, or any one person and 
one item, defined by the logarithm of the relative probabilities [8]. The linearize measurements of 
persons and items are on the same scale with a common unit, freed up from the distributional 
properties of each other. Thus, the Rasch model realizes, mathematically, the requirements for 
scientific measurement of invariant comparisons of people, and items, on the same linear scale [9]. 

Rasch Measurement Theory provides the ideal infrastructure to support a metrological framework for 
the social sciences. This is due to the inherent properties of the Rasch model (i.e., parameter 
separability, statistical sufficiency, specific objectivity) embedded in Georg Rasch’s general 
philosophy of measurement [4], and subsequently formalized in the language of measurement 
traceability [10] and uncertainty [11]. However, straightforward fit to the Rasch model does not 
automatically ensure valid measurement. Psychometric statistics can be misleading when considered 
in isolation and cannot be expected to produce consistently meaningful results when considered apart 
from substantive evaluations of construct content [12, 13].  

The evolution of a construct theory [14, 15] has been articulated through five levels. Level 1 
measurement systems have no explicit construct theory and items are calibrated empirically from data 
analysis. At the highest level 5, measurement systems have a construct theory and specification 
equations (known as theory-referenced measurement); a conjoint model that measures reader 
(instrument) ability and text (object) complexity in a common unit (proposed by Stenner et al.), for 
instance, is an example of the most advanced form. Theory-referenced measurement affords three 
central benefits, as articulated through a comparison of measurement systems in the social sciences 
with those used in for example thermometry [5, 2]. Thus, for both types of measurement system there 
is: 1) an observational outcome, a response, such as a count; 2) a causal mechanism that transmits 
variation in the intended attribute (i.e., the stimulus such as reading text difficulty or temperature), via 
the instrument (e.g. the test person or thermometer) to the observed response; and 3) attribute 
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measures (i.e., the measurand) expressed in some unit (e.g., Lexiles or degrees Celsius). Once level 5 
has been reached, we have successfully modelled causal relationships. 

There are currently very few examples of measurement systems developed using theory-referenced 
measurement in the social sciences. However, the measurement of cognitive performance in clinical 
settings to assess the impact of dementia provides a promising medium [16-18]. 

3. Innovative measurements for improved diagnosis and management of neurodegenerative 
diseases 

Neurodegeneration is an increasingly urgent global public health issue. Alzheimer’s disease is one of 
the most common neurodegenerative diseases. Currently, there are no minimally invasive diagnostic 
tools which allow for early diagnosis or monitoring of the progression of disease in patients. The 
European EMPIR NeuroMet 15HLT04 project (2016-2019) [6] combines expertise from National 
Metrology Institutes, clinical, and academic institutions. The goal of the project is to address the 
limitations currently constraining clinical innovation and uptake in neurodegenerative disease 
diagnosis and treatment, in measurement sensitivity and high measurement variability of recognised 
and novel biomarkers for AD (e.g. lumbar puncture, blood and saliva sampling), as well as in 
neuroimaging (non-invasive magnetic resonance imaging and spectroscopy). 

Cognitive performance tests usually include tasks related to recall, language and praxis. They can be 
regarded as simple examples of person-centred measurements in contrast with the more ‘technical’ 
aspects of biomarkers, which are surrogates for the impact of the disease. As part of EMPIR NeuroMet 
15HLT04 project, PCOMs of cognitive performance are examined, with the ultimate goal of 
improving the analysis of correlations with the various AD biomarkers in the manner of previous 
research modeling disease severity on the basis of data from the clinical laboratory [17-19]. 
Addressing specifically Mild Cognitive Impairment and Alzheimer’s disease, work is now in progress 
deploying Rasch Measurement Theory to develop a ‘NeuroMet Memory Score’ based on results from 
administering an extensive battery of legacy instruments (e.g., MMSE, Corsi Block Test, Digital Span 
Test (DST)) on a NeuroMet cohort recruited by the Charité hospital in Berlin, as well as earlier test 
results. The resultant improved estimates across comprehensive spans of cognitive task difficulty and 
patient ability are in turn enabling formulation of novel construct specification equations for 
correlation using multivariate principal component regression with, respectively, task entropy (e.g. 
logarithm of number of digits in DST) and diverse biomarkers (e.g. for brain atrophy) [2].  

Establishing new measurements, which can be ascribed a level-5 construct theory, should lead to more 
fit-for-purpose, better targeted and better administered cognitive measurement systems anchored in 
item banks of quality-assured metrological references for cognitive task difficulty and patient ability. 
By exploiting causal models, metrological references for cognitive task difficulty, akin to certified 
reference materials, promise to improve the quality of patient-centred care of Alzheimer’s disease and 
other neurodegenerative diseases by enabling the traceable calibration of both additional cognitive 
tasks as well as the effects of intervention or disease progression on the cognitive ability of each 
individual patient. 

An additional key aspect of the EMPIR NeuroMet 15HLT04 project, and one in line with our previous 
recommendations [3], is the formation of a stakeholder network consisting of consortium partners and 
relevant neurodegenerative disease stakeholders including clinicians, instrument manufacturers, 
biopharma, national and international organisations. By doing so, the programme is pre-empting and 
preparing for the widespread communication and uptake of improve measurement comparability of 
established biomarkers and PCOMs. 

4. Conclusion 

Metrological quality assurance of person-centred outcome measures is essential if reliable decisions 
about care needed to diagnose treat and rehabilitate are to be made consistently throughout the 
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healthcare system. The interim findings of the EMPIR NeuroMet 15HLT04 project already show how 
causal models and novel construct specification equations can improve cognitive performance testing. 
This will lead to the provision of guidance and tools to clinicians for improved diagnosis, better 
prediction of future patient decline and more appropriate patient treatment. Overall, the NeuroMET 
project will combine the strengths of National Metrology Institutes and neurodegenerative disease 
clinicians to establish an infrastructure, providing guidance and quality-assured measurement tools to 
clinicians, academics and pharmaceutical companies for:  

• Appropriate study design and definition of the uncertainty of NDD clinical assessment protocols 
to improve diagnosis and NDD progression monitoring; 

• More accurate stratification of patient cohorts, with respect to NDD status, for enrolment into 
clinical trials and for more informed patient management; 

• Improved measurement comparability for NDD biomarkers through optimised measurement 
procedures and development of SI traceable reference methods for key biomarkers. 
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