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Préface (Preface)

Note to English-speakers: As this section is not a part of the core of the manuscript and
is dedicated to personal thoughts, it will be written in my native tongue (French).

Apres avoir fini la rédaction de ce manuscrit, j’ai ressenti le besoin de lui adjoindre
quelques réflexions plus personnelles, éventuellement vaguement existentielles, quant & ma
relation avec le monde de la recherche biomédicale. Aussi, une préface me sembla de bon aloi.
En tout premier lieu, j’indique donc explicitement qu’il s’agit de remarques personnelles, en
marge du corpus scientifique de ce manuscrit. C’est aussi en ce sens que je la rédige a la
premiére personne du singulier, au lieu de I’utilisation plus traditionnelle du «nous »

impersonnel universitaire.

Ces quelques remarques personnelles sont particuliérement motivées d’une part par mes
interactions avec mes confréres cliniciens, d’autre part par de plus ou moins plaisantes
discussions avec des individus d’extractions variées (oui comme c’est une préface j’ai décidé
d’étre snob). Il se trouve qu’étant, de par ma fonction d’Assistant Hospitalo-Universitaire en
biostatistique, partic prenante d’une pétillante activité d’expertise méthodologique et de
réalisation d’analyses de données au service de mes confreres d’un groupe hospitalier jouissant
d’une certaine reconnaissance, je suis parfois interrogé, avec plus ou moins de bienveillance,
quant a mon activité de recherche. 1l en va de méme lorsque je rencontre un nouvel acolyte de
I’espéce humaine dans un cadre social quelconque. Etant un individu peu craintif (une bonne
pate quoi...), je suis toujours enclin a tenter d’expliquer en quoi ce que je fais me semble
justifié.

Quel que soit le jugement porté par chacun de ces individus sur ’intérét de ce que je
fais, une remarque semble tout de méme relativement constante. Il apparait pour beaucoup de
personnes que ce que je fais est catégorisé comme plutét « fondamental ». Aussi, nombreuses
ont été les personnes qui sont perplexes car elles semblent ressentir un décalage entre mes
travaux de recherche et le fait que ma formation premiere est d’é€tre médecin. Une premicre
remarque s’impose : « fondamental » par rapport a quoi ? En effet, le laboratoire de maniére
générale ne se présente pas comme faisant des travaux fondamentaux, et ¢a n’est pas forcément
la définition que j’aurai des miens. Tout numéricien qui a passé sa carriere a optimiser
I’algorithme de Newton-Raphson afin qu’il converge en moins d’itérations, ou, plus abstrait,

ceux qui sont réellement passionnés par dédier leur vie a toute théorie algébrique obscure se



gausseraient (ha ha, blague de statisticien...) de me voir prétendre que mes travaux puissent
étre qualifiés de « fondamentaux ». Néeanmoins, admettons la prémisse que relativement & mes
confréres cliniciens, mes travaux de recherche leur semblent se situer plus en amont que les

leurs, et que pour tout un chacun j’ai vaguement 1’air de « faire des maths ».

En général, cette constatation semble souvent étre fortement corrélée avec deux
interrogations plus ou moins manifestes ou latentes selon les individus : premierement & quoi
concrétement servent mes travaux immédiatement pour la « vraie » société, deuxiéemement, est-
il réellement nécessaire qu’une collectivité publique quelconque me verse sans sourciller un
salaire (je précise que vu le contexte économique contraint actuel, je comprends que la question
soit légitime) ? Ce qui améne a poser la question de ’utilité de mes travaux, ainsi que la question

de mes réelles motivations a les conduire.

En ce qui concerne 1’utilité, encore une fois ne considérant pas personnellement mener
des travaux « fondamentaux » et travaillant dans le domaine de la santé, je pourrai me contenter
d’apporter une réponse enfongant des portes ouvertes : mes travaux, ceux du laboratoire, et
I’ensemble des travaux menés sur la planéte dans le domaine biomédical tentent de contribuer
lentement, trés lentement, mais surement a faire en sorte que 1’on soigne mieux les gens, et que
la population humaine soit globalement en meilleure santé. Maintenant, j’ai bien conscience
que des travaux méthodologiques ne soient pas forcément ceux qui soient le plus facilement
identifiables comme menant directement a une amélioration de la santé. Aussi, je suppose qu’il
me serait demandé d’apporter des précisions. Ce que j’ai fait, avec plus ou moins de succes, a
toute personne qui me 1’a demandée. Ce que j’ai par ailleurs, avec un succes qui sera déterminé
par le jury, tenter de faire dans les parties introductives de ce manuscrit de these, aussi je ne

reviendrai pas sur cette question (en résumé, voir partie 1 et partie 2 de ce manuscrit).

Toutefois, continuons d’assumer la prémisse que mes travaux puissent étre classés
relativement a I’échelle de valeurs de certaines personnes comme « fondamentaux ». Quel est
donc leur utilité contrairement a I’appliqué ou au translationnel ? J’avoue que si vraiment je
considérais mes travaux comme tels, alors je dirai que leur unique utilité serait de proposer des
idées, dans le sens de modeéles ou de cadres théoriques, afin de tenter de résoudre des
incohérences ou des manques d’une théorie préexistante (ce que peut étre un micro chouia, et
de facon extrémement modeste, le travail sur semantic primes et response shift). Et qu’a ce
moment-la, en réalité, je me moquerais bien de determiner leur utilité finale, au sens de
contribution a la société (méme si je pourrais en avoir une idée). Certes, je peux envisager que

cette remarque interpelle (voir méme qu’elle provoque un hérissement capillaire des personnes



ayant la responsabilité des agences de moyens qui sont enclines a ce que les dossiers de
demande de financement contiennent absolument un encart « bénéfices attendus »), mais je
considere que si on adhére un tant soit peu a 1’épistémologie Kuhnienne, ¢a va tout de suite
beaucoup mieux (oui je suis snob, mais aussi lache, aussi je n’ai aucun scrupule a invoquer en
joker ce cher Thomas Kuhn qui est fréquemment considéré comme un des plus grands
épistémologues du vingtiéme siécle, démontrant ainsi mon inculture crasse en matiere

d’épistémologie fine).

J’invoquerais d’ailleurs plus spécifiquement le volet social de 1’épistémologie de ce cher
bon vieux Thomas. Si on considere que la vérité scientifique a un instant t ne peut étre
déterminée comme un absolu, mais comme un travail de consensus social au sein de la
communauté scientifique, alors on se détend du slip quant a la nécessite de définir
immédiatement I’utilité des travaux fondamentaux. Dans ce cadre, il me semble que 1’on puisse
assez sereinement envisager qu’un fondamentaliste (oui je surfe sur le « zeitgeist » de mon
époque pour faire des blagues de mauvais goQt) doit uniquement se préoccuper de proposer des
idées abstraites originales, cohérentes, et respectant les critéres d’un discours scientifique, dans
le but de résoudre des incohérences théoriques ou expérimentales. Ce sera ensuite, lentement,
décennies aprés décennies a I’ensemble de la société de déterminer 1’éventuelle utilité ou non
(c’est plus souvent non que oui pour un chercheur lambda comme moi d’ailleurs soyons
honnétes) de ces idées. Il me semble d’ailleurs qu’en étudiant avec une trés grossiére loupe
I’histoire des sciences que des exemples récents puissent illustrer ces propos. Je ne crois pas
qu’il fut demand¢ a I’ensemble des gens qui ont participé au début du siecle dernier a mettre au
point la physique quantique de mette dans I’encart « bénéfices attendus » de leur hypothétique
demande de financement : « permettra de faire de I’IRM » ou « sera responsable d’un tiers de
I’économie mondiale du 21 siécle ». Il me semble que ces personnes ont simplement voulu en

premier lieux résoudre des incohérences entre observations et théorie.

Aussi, puisque je peux me permettre (je laisse a chacun la possibilité de juger de la
puissance de cette bien maigre argumentation) de considérer qu’il n’est pas forcément
nécessaire de faire de la recherche satisfaisant pourtant aux critéres de fondement d’un discours
scientifique en se posant la question de son utilit¢ immédiate, quid donc des motivations d’un

chercheur ?

En genéral, sur ce terrain, lorsque je tente malgré tout du mieux que je peux de justifier

de la place de mes travaux dans le champ de la recherche en santé, et que la sauce prend, alors



la motivation semble en découler de fait : j’ai une envie irrépressible de contribuer au bonheur

des gens sur fond de coucher de soleil en Technicolor.

C’est flatteur, ¢a semble altruiste, mais j’avoue qu’au fond de moi, je sens bien que mes
motivations sont bien plus égoistes. Aussi je profite de cet espace pour faire mon coming-out.
Certes, je n’exclus pas que de multiples motivations non linéaires complexes m’animent,
cependant j’en identifie une en particulier qui me tient a cceur : ¢a m’amuse. Pour des raisons
qui tiennent bien évidemment de toutes les raisons possibles que 1’on peut invoquer lorsque
1’on utilise le modéle biopsychosocial de la santé, je suis un individu qui prend un plaisir certain
a se poser des questions et a tenter de les résoudre aux moyens d’une certaine expertise
scientifique. A vrai dire, j’invoquerais presque le déterminisme, voir la fatalité : je suis la ou
j’en suis car il me semble que c’est la seule chose que je sais faire vaguement (ce sera aux
membres de mon jury de déterminer si je suis apte). Et au passage, je crois que beaucoup des
personnes qui naviguent avec moi dans la méme galére sont animées par cette motivation,
méme si aujourd’hui cela peut sembler presque indécent de le dire. D’ailleurs, je remercie la
plupart des gens du laboratoire, notamment VVéronique et Jean-Benoit, qui sont des gens pour
qui cette motivation compte. Enfin, je ferai la remarque que si on tente de connecter cette
motivation a mes ¢€lucubrations premicres sur 1’utilit¢ dans le cadre de 1’épistémologie
Kuhnienne, alors on pourrait se rendre compte qu’il n’y a pas incompatibilité entre les deux,
peut-étre méme envisager que c’est une assez bonne motivation a faire de la recherche, du

moment que rigueur et honnéteté intellectuelle sont au rendez-vous.

Aussi, au final, je le dis haut et fort : oui ¢a n’est pas déplaisant d’imaginer que peut étre
je vais un peu contribuer a la recherche en santé, mais bon avant tout, ce manuscrit est la

résultante de mon égoiste amusement. Et je compte bien continuer.
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Part 1: Introduction

“After all, if you have made all these efforts to come back, it must be because you
really love tests” - GlaDos, a fictional hysterical, yet sometimes whimsical, artificial
intelligence



1. Scope

1. Scope

Currently, it is taken for granted the practice of medicine has to be based on coherent
scientific theoretical knowledge leading to falsifiable and verifiable empirical proofs (i.e. the
hypothetical-deductive model [1,2]). This necessity has been particularly emphasized since the
middle of the 19" century. One pioneer of this approach is the physiologist Claude BERNARD
who insisted on the need to prove medical knowledge with observable facts (which was the
foundation of what was called experimental medicine) and was one of the first to propose blind
experiments [3]. This need to support medical practice by empirical facts has been even more
justified since the occurrence of the concept of Evidence-Based Medicine (EBM) which

emerged in the 1960s and was formalized at the beginning of the 1990s [4,5].

EBM is an approach to medical practice intended to optimize decision-making by
emphasizing the use of evidences from well designed and conducted research. In the EBM
framework, evidences are classified by their epistemological strengths. In this framework,
meta-analyses and well conducted Randomized Controlled Trials (RCTs) are considered as the
strongest types of evidences to prove the value of a new therapeutic strategy [6].

In 1972, Archie cocHRANE published Effectiveness and Efficiency: random reflections
on health services [7]. In this book, he described the lack of use of RCTs, which has led to the
support of many medical practices only assumed to be effective. Use of RCTs has exponentially
increased since they are considered as the methodological gold standard to prove the efficacy
of new therapeutic strategies [8]. In parallel, the development of epidemiology has also
emphasized the need to measure population’s health state or to assess the effectiveness of public
health programs (i.e. programs aiming healthy people and developed as primary or secondary
level of prevention; e.g. systematic screening for breast cancer) [9]. Regarding sick individuals,
on the opposite side, there has been recently a heavy focus on the idea to provide “the right
treatment, for the right person, at the right time” which has led to the concept of personalized

(or stratified or precision) medicine [10].

Thus, measuring outcomes in health-related research is of paramount importance as it is
clearly established the evaluation of efficacy and/or effectiveness and/or efficiency of a new
medical intervention has to be adequately assessed [11]. Therefore, the process of defining,
measuring and assessing outcomes is one of the key methodological characteristics of empirical
health-related research. For example, in RCTs, the difference in evolution over time of a
particular outcome between the groups compared is the criterion which defines efficacy (which
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is usually called the primary criterion, and the corresponding outcome is usually called the
primary endpoint) [11].

Outcomes used in health-related research are most of the time measured and analyzed
using quantitative methods (i.e. biostatistics). Some examples of outcomes traditionally used in
RCTs are rate of mortality, survival time (especially in oncology) or the value of a biological
substance (e.g. blood sugar level, serum creatinine level...) [11]. In epidemiology, we can cite
routine morbidity outcomes such as incidence rate or prevalence rate [9]. These types of
outcomes can be categorized as objective as they measure a state, a propriety or a characteristic
of the human body considered only as an object with a presence in the physical reality [12].
These types of outcomes are relative to a conceived object (i.e. the human body). Measuring
these types of outcomes can be a relevant process. A decrease in the rate of mortality after
treating an infectious disease with a new antibiotic can of course be considered as a relevant
outcome. In addition, some medical conditions are defined by out-of-range value of a biological
constant (e.g. high blood pressure) and therefore, the related biological constant is a

straightforward measure of the efficacy of a therapy.

Nonetheless, objective outcomes cannot always be solely used as criteria to assess
medical interventions. Indeed, health is currently defined as “a state of complete physical,
mental and social well-being” [13]. This definition recognizes a patient as a thinking subject
and emphasizes the need to incorporate the assessment of patients’ preferences, feelings,
perceptions and experiences in health related research. These individual perceptions are not
always correlated with objective outcomes [14]. Therefore, there was a will since the middle of
the 20" century to use subjective outcomes (i.e. subjective as related to a thinking subject [12])
when assessing various medical interventions. In addition, in some medical areas or specialties,
patient’s speech is the only way to access to symptoms and health state (e.g. most of psychiatric
diseases cannot be explored or assessed with objective outcomes). Thus, in the last decades,
there was an increasing development and use of instruments designed to measure subjective
concepts (in the form of self-administered questionnaires, semi-structured or structured
interviews) [15]. In particular, it has led to the development of Patient-Reported Outcomes
(PRO) which are designed to measure concepts such as depression level, anxiety level, pain, or
fatigue using the perspective of the patient only (i.e. without any intervention of the expertise
of a health-care professional [16]). In the recent years, at least in the countries with a high
standard of living, there was a dramatic increase in chronically-ill patients [17]. Moreover, in

some medical areas such as oncology, objective outcomes are now less relevant (new therapies
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do not necessarily result in significant improvements in survival but rather focus on decreasing
adverse effects) [18]. Thus, there was since the beginning of the 1980s an increasing interest in
measuring Quality of Life (QoL) [18].

Instruments of measure of objective or subjective concepts share some similarities.
Indeed, a measurement device, irrespective of the outcome (objective or subjective), has to
comply to certain properties to be considered having a sufficient level of quality [12]. When
measuring the weight of a human body (an objective outcome) with a weighing scale, it is
expected the scale will provide a valid measure of weight and therefore will not measure for
example height. If conditions do not change between two measurements (e.g. if the same person
measure his weight twice in a very short period of time) it is expected the scale will be reliable
and therefore will provide the same value twice. Finally, if conditions change (e.g. if someone
eats a huge quantity of food), it is expected the scale will be sensitive to change with a sufficient

precision.

These aforementioned properties (validity, reliability and sensitivity to change) are also
expected when designing and using a PRO instrument measuring a subjective outcome [12].
The design and use of PRO instruments with good measurement properties is the concern of a
field called psychometrics, which started at the end of the 19" century when psychologists
became interested in measuring certain psychological phenomena [19]. Today, many PRO
instruments have achieved a sufficient level of these properties [18]. Certain instruments
designed to assess depression (a subjective state of mind) can be considered as having a higher
level of reliability or sensitivity to change than a manual sphygmomanometer designed to
measure blood pressure (an objective phenomenon) [20]. Certain instruments designed to assess

QoL have met these aforementioned properties [18].

However, certain key characteristics differentiate objective concepts from subjective
ones. A first fundamental difference can be the strength of the nomological theories between
these concepts [12]. A lot of objective concepts used in physics (e.g. length, temperature, speed,
mass, spin...) are intertwined in very heavily stabilized and formalized theories (i.e. the
standard model of physics and quantum field theory) that were refined throughout thousands of
years of scientific development [21]. Some objective concepts in medicine have also achieved
a high level of theoretical stability. The diagnosis of the death of a human body as a biological
state is a concept with shared standard definitions and methods [22]. Myocardial infarction is a
very well-defined medical event directly linked to the rise in the value of a biological marker
(i.e. serum troponin level) [23]. In a broader way, the definition of diseases is the concern of

4
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the International Classification of Diseases which is at its 10" revision [24]. But, this level of
strength of the nomological theories regarding subjective concepts has been rarely or is not
achieved [12]. Depression as a disease may be a heavily stabilized concept [25]. Contrariwise,
certain authors still consider QoL as a loosely-defined concept [18,26]. In a broader way,
modern cognitive sciences (i.e. psychology, neurosciences, linguistics, artificial intelligence
and philosophy of the mind) which are the sciences which primary deal with subjective concepts

have achieved significant progresses mostly since the 20" century only [27].

A second fundamental difference concerns the definition of the unit of measurement.
The objective physical reality can be described using seven basics physical quantities (or
dimensions, i.e. length, mass, time, electric current, temperature, luminous intensity, amount of
substance), with a unit of measurement associated to each (i.e. the International System of Units
(SI) [28]). Other physical quantities are an algebraic combination of some the seven
aforementioned (e.g. speed is length per time). The unit of measurement of each of these seven
quantities is either defined relatively to a standard (e.g. the kilogram is defined by the
International Prototype of the Kilogram located at the International Bureau of Weights and
Measures), or to a very stable physical phenomenon (e.g. the second is defined by an exact
value of periods of a certain frequency of radiations from the caesium atom), or to a constant
of the laws of the universe (e.g. the meter is defined relatively to the speed of light in vacuum
(c) which is assumed to be a constant of the universe). Whatever these definitions, they share a
similarity which is the fact they defined the unit of measurement in relationships with abstract
objects or concepts of the physical reality, unrelated to the phenomenological experience of a
thinking subject. In contrast, defining the metric of a subjective measure! is often of a different
nature. When the concept is very well-defined and assessed via structured interview by a well-
trained health-care professional, the unit of measurement may approach something defined
relatively to a standard (e.g. the assessment of a depressive syndrome by a trained psychiatrist)
[25]. However, especially when using PRO, the metric of the concept one wants to measure is
relative to the internal perspective of the patient (e.g. it is the patient that has to define what

means a level of 3 of fatigue on a Visual Analogous Scale (VAS) [29]).

These two aforementioned key differences between objective and subjective measures
or outcomes lead to a major consequence that can be summarized shortly: the process of

measuring a subjective concept is generally more dynamic by nature [26]. The meaning of

! This metonymy will replace the more adequate expression « measure of a subjective phenomenon » for the
sake of simplicity throughout the rest of the manuscript
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subjective concepts can vary between people and within people over time (they can be
reconceptualized). For example, the meaning of what is QoL can be very different for the same
person at 15 or 80 years old. Moreover, the metric of these measures is also susceptible to
change between and within individuals over time. The scale of the measure can be recalibrated
in individuals’ mind. These changes in the meaning of a concept over time are probably
particularly susceptible to occur after a salient medical event (e.g. after a chemotherapy, it can
be expected for one particular individual that “being moderately exhausted” does not

correspond to the same level of fatigue than before) [30].

Therefore, admitting the dynamic nature of measuring subjective concepts and
especially the fact their meaning can change within people over time leads to a major issue
when assessing a medical intervention using subjective quantitative outcomes: is the difference
in the measured concept assessed over time actually a true reflection of a change in the concept
being assessed, or to a change in the meaning of the concept (or to both)? For example, after a
cancer treatment, is a person reporting a change from 60 to 70 actually have a better QoL in

itself, or is it its internal meaning of what is QoL that have changed?

In the 1980s and 1990s, the results of certain empirical studies using PRO as outcomes
illustrated this dynamic nature of measuring subjective concepts. Indeed, it was found what
were initially called “paradoxical and counter-intuitive findings” like reporting of stable
HRQL by patients with a life-threatening disease [31], or discrepancies between clinical

measures of health and patients’ own evaluations of their health [32].

Since, it became apparent this dynamic nature of measuring subjective concepts had to
be integrated into the use and interpretation of PRO instruments. Thus, this possible change of
a meaning of subjective concepts over time has led to the development of what is now known

as response shift theory.

In health-related research, response shift has been defined in 1999 as “a change in the
meaning of one’s Self evaluation of a target construct over time” [30]. Initially, the term
response shift described the effect on the value of the measure of a subjective concept because
of a change in the meaning of this concept over time in a person’s mind after the occurrence of
a salient medical event [30]. It has since progressively involved to what the sociologist Robert
K. MERTON calls a “middle range theory” (i.e. a theory starting via the observation of empirical
phenomena (as opposed to a broad abstract entity) resulting in the process of generating general

statements that can be verified by data [33]) aiming at explaining how the psychological
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adaptation to chronic conditions or salient medical events can lead to a change in the meaning
of subjective concepts and therefore having an effect on scores measured [34]. Thus, theoretical
and methodological developments regarding detection, interpretation and integration of
response shift phenomenon have become a prime concern in the field of PRO measurement
since the beginning of the 2000s [34].

2. Main objectives and contribution of this thesis work

The broad objective of this PhD thesis is to investigate certain methodological and
statistical considerations regarding response shift concept, detection and integration into PRO

data analyses.

If response shift phenomenon has been proposed in the field of psychology since the
late 1970s [35], this concept has been translated into health-related research since the beginning
of the 2000s only (the first theoretical model was published in 1999 [30]). However, the amount
of work conducted on response shift is substantial both in quantity and variety. Researches
about response shift in PRO measurement is still a young field, generating various debates [36].
As it is not a field with heavily stabilized certainties there are still debate and controversies on
the meaning of response shift phenomenon within the academic community. In addition, as it
is still @ young concept, it is not necessarily an “easy to grasp” concept at a first level. Thus, a
first objective of this thesis work was to propose a state of the art of works conducted on
response shift theory at an international level, with the intent of covering a broad variety of the
many aspects of research on response shift. Thus, this first work covers the historical,
theoretical, dialectical, methodological and empirical perspectives of researches on response
shift theory.

On a more statistical and methodological level, numerous methods have been developed
to detect and/or measure and/or integrate response shift when analyzing PRO based data.
Initially, most of these methods were design-based methods (i.e. these approaches are based on
a specific experimental design or on the use of specific measurement tools), but there was since
the middle of the 2000s a shift in favor of statistical-based methods (i.e. methods relying on
statistical modeling to analyze response shift after having collected data) [34]. One of the most
attractive methods to detect response shift is Oort’s procedure (OP), published in 2005 [37].
OP is based on Structural Equation Modeling (SEM), a statistical modeling technique for
testing and estimating different types of causal relations using a combination of quantitative
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data (i.e. covariance + mean structures) and qualitative hypotheses [38]. OP allows detection of
response shift without the need of a specific design [37]. Nonetheless, as it relies on statistical
modeling, it is by definition a probabilistic method. If OP has been used on several clinical
datasets [39-50], little is known regarding its statistical performances (for example its capacity
to detect actual response shift). Moreover, certain methodological choices of the OP can be
questioned. Therefore, a second objective of the thesis work was to provide for the first time an

assessment of the performances of the procedure via a pilot simulation study.

When the concept of response shift phenomenon has emerged in psychology and health-
related research, it was primarily viewed as a measurement bias adding complexity in the
assessment of a subjective concept [51]. It is now more viewed as a result of the process of
adaptation to illness over time [34]. Nonetheless, there are still debates about the interpretation
of the occurrence of response shift phenomenon, especially in regards to the type of empirical
design (RCTs or epidemiological studies) [36]. In addition, some authors have pointed out
response shift can be a process not only related to psychological phenomena in individuals’
mind, but also linked to the characteristics of the concept being measured or to the PRO
instrument designed to measure it [29,52,53]. In the particular context of RCTs, it can be
hypothesized response shift phenomenon is a process adding complexity in the measure of the
subjective experience about the tested treatment, if the efficacy of this treatment is supposed to
be a direct effect. Thus, it leads to the question, if and when potentially useful, could the
occurrence of response shift phenomenon be prevented by using an appropriate PRO
instrument? Therefore, the third and last objective of this thesis work was to provide a
hypothesis which assumes response shift phenomenon can be linked with the semantic
complexity of the concepts being assessed and the items used to assess it and therefore be, in

part, prevented by designing a PRO instrument with the least possible semantic complexity.

3. Layout of the thesis

After this introduction, a second part will expose the context and the theoretical
prerequisites that are the basis of the measurement of subjective concepts. In short, the notion
of health, Patient-Centered Outcomes Research, Patient-Reported Outcomes and Quality of
Life will be defined. Then the basics in psychometrics, especially regarding the different

measurement models, will be presented.
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The third, fourth and fifth part of this manuscript will be each dedicated to one of the
three main aforementioned objectives of this thesis work.

Lastly, a discussion will deepen certain limits and perspectives of the two original
research papers associated to the thesis (the fourth and fifth part, as the third part is a state of

the art redacted as a book chapter) before a conclusion.
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Part 2. Context and theoretical prerequisites

“A ruler wears a crown while the rest of us wear hats, but which would you rather

have when it’s raining?” - Barrin, a fictional wise master-wizard
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1.1 The notion of health

This second part will introduce the context and theoretical prerequisites related to thi
thesis work. First, we will introduce the context. In the broadest way, this is the assessment of
outcomes in health-related research. Especially, we will see how the current definition of health
implies to encompass the internal perspective of the patient and therefore subjective aspects.
Then, we will see how this requirement has led to the development of the concept of Patient-
Centered Outcomes Research. After, we will see how Patient-Reported Outcomes and Health-
Related Quality of Life measures are tools that can help to achieve this requirement of assessing

subjective aspects of health. Lastly, we will present the theoretical underpinnings of subjective

\ measures, which are the concerns of a field called psychometrics. ‘

1. Context

1.1 The notion of health

The current definition of health was proposed by the World Health Organization (WHO)
in 1948. It was emphasized health “is not merely the absence of disease”. Indeed, health was
rather defined as ““a state of complete physical, mental and social well-being” [13]. We can see
this current definition of health is multidomain. These domains can relate to objective
phenomena (i.e. objective as relative to a conceived object), or to subjective states of mind (i.e.
subjective as relative to a thinking subject) [54]. Thus, to not be healthy can be linked to the
occurrence of objective abnormalities (physical or biological), but also to the perception a
person has of his/her own functioning or to a social malfunctioning (e.g. a demoralizing absence

of social interactions).

This distinction between these objective and subjective aspects of health is paramount
when assessing the efficacy of a therapeutic strategy or the effectiveness of health policies. It
shows the aforementioned assessment cannot be comprehensive enough with objective
outcomes only (e.g. mortality, survival, clinimetrics). It has also to encompass the internal

perspective of the patient, i.e. the subjective aspects of health.

Indeed, the individual perception of health and disease is not always correlated with
objective outcomes such as health state or the severity of a medical condition [14]. As an
example, if it seems straightforward to assume chronic peripheral artery disease is objectively
a more severe condition than a benign tendinitis, the perceived health associated with one or
the other condition can vary greatly from one person to another. Someone suffering from a

benign tendinitis who deeply values sport as a major component of his/her well-being can

11

Part 2: Context and theoretical prerequisites



1. Context

perceive his/her health as much more deteriorated than a very sedentary person suffering from
chronic peripheral artery disease [55]. This simple example emphasizes the need to incorporate
patients’ preferences, feelings, perceptions and experiences when assessing the impact of

medical conditions on health or when assessing treatment options.

Therefore, this need to focus on the subjective aspects of health has recently led to the

development of the concept of Patient-Centered Outcomes Research (PCOR).

1.2. The concept of Patient-Centered Outcomes Research

The Patient-Centered Outcomes Research Institute (PCORI) was established by law in
2010 in the United States of America, as part of the Patient Protection and Affordable Care Act
[56]. Its goals are funding patient-centered comparative clinical effectiveness research and
extending the concept of patient-centeredness from health care delivery to health-care research.
PCOR focuses on “patient-centeredness, which is determined by the extent to which the
decision-making needs, preferences, and characteristics of patients are addressed in diverse
settings of health care” [57]. Indeed, “individuals are not only distinguished by their biological
variability: they also differ greatly in terms of how the disease affects their life”, which
promotes a focus towards the “personome”, i.e. “the influence of the unique circumstances of
the person” [58]. Although it is well recognized that psychological, cultural, behavioral,
environmental, and economic factors might importantly influence human health and disease,
the integration of these features from the patient perspective into health care research remains
a challenge. Therefore, the evaluation of questions and outcomes meaningful and important to

patients and caregivers is emphasized by PCOR.

The PCORI includes both a board of governors and a Methodology Committee. This
Methodology Committee is charged with developing methodological standards for PCOR. In
2012, this Methodology Committee published a methodology report [57]. Four general areas
were identified in order to enhance methods for PCOR:

1. “prioritizing research questions,

2. using appropriate study designs and analyses,

3. fostering efficient dissemination and implementation of results,
4

incorporating patient perspectives throughout the research continuum .
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In order to achieve the latter aforementioned area, the Methodology Committee
emphasized the need to refine guidelines for the development, validation, use and interpretation
of Patient-Reported Outcomes (PRO) [57].

1.3. What are Patient-Reported Outcomes?

PRO are instruments used to elicit information and collecting that information into some
form of structured data [59]. Most of the time, they provide a mean of quantifying qualitative
information, but the qualitative information can also be analyzed through the use of qualitative
methods. As subjects are not always ill and therefore not always “patients”, it is also sometimes

suggested PRO could mean Person-Reported Outcomes [18].

Whatever the meaning, the goal of PRO instruments is to gather information from
people themselves. They collect information directly from the patient without interpretations
by clinicians or others (even if sometimes a proxy person is asked to fill the PRO when the
person of interest cannot be asked (e.g. in pediatrics or for patients in a coma)). Thus, PRO
should not be confused with clinical rating scales (where the clinician knowledge is used to rate
disease severity or treatment effects) [59]. Therefore, they have been defined by the Food and
Drug Administration (FDA) as “a measurement of any aspect of a patient’s health status that
comes directly from the patient (i.e. without the interpretation of the patient’s responses by a
physician or anyone else)” [16]. As such, most PRO are self-administered questionnaires
(although some of them are semi-structured or structured interviews). They usually take the
form of single- and multi-item measurement scales. An item is a question asked to the person
filling the PRO. The most used response formats are Likert-scale (Figure 1) or Visual-
Analogous Scale (VAS) (Figure 2).

13

Part 2: Context and theoretical prerequisites



1. Context

Figure 1. Some items of the Medical Outcomes Study 36-Items Short Form (SF-36), with Likert-scale
response format (Source: WARE and SHERBOURNE, Medical Care, 1992 [60])

3. Vigorous activities, such as running, lifting heavy
objects, participating in strenuous sports

4. Moderate activities, such as moving a table, pushing
a vacuum cleaner, bowling, or playing golf

5. Lifting or carrying groceries

6. Climbing several flights of stairs
7. Climbing one flight of stairs
8. Bending, kneeling, or stooping

9. Walking more than a mile
10. Walking several blocks
11. Walking one block

12. Bathing or dressing yourself
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1.3. What are Patient-Reported Outcomes?

Figure 2. An item of the EuroQol (EQ)-5D-3L questionnaire, with VAS response format (Source: RABIN and
CHARRO, Annals of Medicine, 2001 [61])
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A PRO is not just an instrument used for gathering opinion. Rather, they are usually
designed to measure a specific concept. The purpose of a PRO instrument is to map qualitative
information onto a or several quantitative scales in order to measure the level of a concept
[18,59]. Therefore, PRO are instruments that can help to measure subjective aspects of health.
Thus, PRO are increasingly used in health-related research, whether as primary or secondary
criteria in clinical trials, as indicators in epidemiological studies or for clinical practice [18].
Practitioners, researchers and policy makers are more and more interested by these subjective

measures [18].
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In health-related research, the range of concepts and outcomes that are covered by PRO
is broad [59] (Figure 3). Some PRO are used to assess concepts related to impairment through
the measurement of the level of symptoms. They cover domains like pain, fatigue, anxiety,
depression, incontinence... An example of these instruments is the Hospital Anxiety and
Depression Scale (HADS) which focuses on the measurement of the level of some anxiety and
depressive symptoms [62]. Some are also used to assess disability or activity through the
measurement of functioning. They cover domains like the activities of daily living. The Barthel

Index of Disability is an example of these PRO [63].

Lastly, since the early 1980s, a lot of PRO are now designed to assess concepts that are
named Quality of Life (QoL), or Health-Related Quality of Life (HRQL).

Figure 3. Examples of types of PRO currently used in health-related research, according to MCKENNA,
BMC Medicine, 2011 [59]

1.4. The concept of Quality of Life or Health-Related Quality of Life

Currently, there isn’t a universally accepted definition of what QoL is. Many definitions
have been attempted, frequently emphasizing components of happiness and satisfaction with
life [18]. However, some investigators argue that most people, at least in the Western world,
are familiar with the expression “quality of life” and have an intuitive (although heterogeneous)

understanding of what it comprises [18].
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Some people equates QoL to personal well-being, but this view is not a consensus [64].
The concept of QoL also overlaps with the concept of PRO. Nonetheless, PRO is now
frequently viewed as a broader concept: some PRO are designed to measure QoL, but some
measure other concepts (e.g. personality, cognitive functioning...) [59]. QoL is also a term that
can have different meaning depending on the area of application: it can relate to different
characteristics from the view of an economist, a politician, a psychologist or a physician [18].
In the context of health-related research, people are rarely interested in assessing QoL in such
a broad sense, and instead are focused only on the aspects of QoL that are affected by disease
or treatment options. Thus, the term Health-Related Quality of Life (HRQL) is frequently used
in order to remove ambiguity [18].

Although there is no current consensus, whether on the number of domains involved, or
on the content of those domains [18,65], most researchers consider HRQL to be a multidomain
concept: often including physical functioning, physical symptoms and toxicity, emotional
functioning, cognitive functioning, role functioning, social well-being and functioning, sexual

functioning and existential issues [18,65].

Several conceptual or theoretical models for HRQL have been proposed. None of them
currently makes consensus [18]. Moreover, research about HRQL is still frequently performed
without a clear reference to a definition of what the authors consider HRQL to be or to a
conceptual model [65]. Indeed, in a systematic review performed in 2012, it was found on 148
papers about HRQL research the absence of any reference to a model in 48 studies, the use of
a model specific only to the study conducted in 46 studies, and the use of a model referenced

in at most four papers in 77 studies [65].

Nonetheless, some conceptual models for HRQL have some popularity. One of the most
referenced is the wiLSON and CLEARY model, published in 1995 [14] (Figure 4).
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Figure 4. Conceptual model of relationships between patient outcomes, according to WILSON and CLEARY,
JAMA, 1995 [14]
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In this model, the outcomes that can be measured in health-related research are described
as a continuum of increasing biological, social and psychological complexity. At one end of the
continuum are biological and physiological variables such as serum creatinine level or
hematocrit. The continuum progresses through more and more complex and integrated
outcomes: from biological and physiological variables to symptoms status to functional status
to general health perception to overall QoL [14]. General health perceptions (i.e. HRQL)
represent an integration of all the previous health concepts and are a subjective rating [14].
Overall QoL integrates non-medical factors [14]. Characteristics of the individual (e.g.
personality, values, preferences...) and characteristics of the environment (e.g. psychological,
social and economic supports...) have an effect on the level of the different outcomes, thus
leading to a subjective perceived general health perception and overall QoL [14]. This model
was refined by FERRANS et al. in 2005 to better explicate the position of individual and
environmental factors [66].

Other theoretical models for QoL have been proposed. In the expectations model of
CALMAN [67], QoL is a measure of the difference between the hopes and expectations of a person
and his/her present experience: i.e. a difference between perceived goals and actual goals. The
Schedule for Evaluation of Individual Quality of Life (SEIQoL) [68] and the Patient Generated
Index (PGI) [69] are two instruments using CALMAN’s model as a conceptual basis. In the HUNT
and MCKENNA's needs model [70], QoL is a measure of the ability and capacity of individuals
to satisfy certain human needs (including such aspects as identity, status, self-esteem, affection,
love, security, enjoyment, creativity, food, sleep, pain avoidance and activity). QoL is at its
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highest when a person fulfills all his/her needs and at its lowest when few needs are satisfied.
The Quality of Life Depression Scale (QLDS), an instrument designed to measure QoL in the

context of depression disorder is based on HUNT and MCKENNA’s needs model [71].

Usually, a PRO measuring HRQL is composed of a combination of items dealing with
aspects regarding impairment, disability and more subjective experiences about satisfaction
with life, happiness or well-being [59]. Especially when assessing functioning, some items used
in questionnaires for assessing QoL can be viewed as objective items (i.e. focusing on the
human body as an object, e.g. a performance-based item like “what time do you need to walk
up a flight of stairs?” or a perception-based item like “how often do you walk up stairs?”) [29].
Other items, involving the process of rating an experience in comparison with an internal
standard (i.e. evaluation-based item like “how difficult is it to walk up a flight of stairs?”’) are

subjective ones [29].

One of the first questionnaire that is still sometimes described as a QoL instrument is
the aforementioned Barthel Index of Disabillity [63]. Nonetheless, this instrument focuses on
functional ability, physical functioning and activities of daily living. Therefore, it does not
provide an adequate representation of patients’ overall QoL. In the late 1970s and early 1980s,
a second generation of questionnaires was developed. These instruments focused on physical
functioning, physical and psychological symptoms, impact of illness, perceived distress and life
satisfaction. Two examples of these instruments are the Sickness Impact Profile (SIP) [72] and
the Nottingham Health Profile (NHP) [73]. Although these instruments are frequently described
as QoL questionnaires, their authors did not claim them as such, as these instruments do not
encompass some of the most subjective aspects of QoL (e.g. social well-being...). Therefore,
they are viewed by some authors as general evaluation of health or health status [18].

One the most widely used HRQL instrument is the Medical Outcomes Study 36-Items
Short Form (SF-36), developed in the early 1990s [60]. It is composed of 36 items. According
to the SF-36, HRQL can be divided into two main subdomains at a first level [74]: a physical
one (PCS: Physical Component Score) and a mental one (MCS: Mental Component Score).
Each of these subdomain can be further divided into four subdomains at a second level. The
PCS encompasses Physical Functioning (PF), Role Physical (RP), Bodily Pain (BP) and
General Health (GH). The MCS encompasses Vitality (VT), Social Functioning (SF), Role
Emotional (RE), and general Mental Health (MH) (Figure 5).
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Figure 5. The structure of the SF-36 (Source: KELLER et al., Journal of Clinical Epidemiology, 1998 [74])
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The aforementioned instruments are intended for general use, irrespective of the illness
or condition of patients. They may also be used with healthy people. Some of them were
developed to survey populations. They are generic questionnaires to measure HRQL [18]. As
they intend to cover a wide range of conditions, they can be used to compare scores between
medical conditions or against the general population. Nonetheless, they can fail to cover very
specific aspects of the impact of a particular disease on one’s HRQL [18]. Thus, a lot of disease-
specific questionnaires have been developed. An example of one of the most used disease-
specific questionnaire is the European Organization for Research and Treatment of Cancer
QLQ-C30 (EORTC QLQ-C30) which focuses on cancer specific aspects.

HRQL measures are increasingly used in health-related research, whether as criteria of
interest in comparative research (randomized control trials or others), as epidemiological
indicators in population surveys, or for clinical practice [18]. Indeed, as aforementioned, these
types of measures allow to capture subjective aspects about perceived health state level. A high
level of HRQL has been identified as a goal for all people across all life stages by leading health
organizations [75,76]. Thus, some researchers currently ague HRQL should be as often as
possible one of the primary criteria of interest in health-care research [77].
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Therefore, now that we have established the importance of the use of PRO and
especially of the concept of HRQL in health-care research, we will further provide the necessary
background to understand how it can be adequately measured. The scientific underpinnings of

subjective measures are the concern of a field called psychometrics.

2. Theoretical prerequisites in psychometrics

2.1. Generalities

Psychometrics is the study of the measurement of psychological phenomena like
abilities, skills, intellectual performances, personality or knowledge [19]. Its origin can be
traced at the end of the 19" century, when psychologists became interested in quantifying
psychological phenomena. One of the first concerns of the psychometric field was the search
of a way to measure intelligence which led to the development of the Intelligence Quotient (1Q)
[78]. Francis GALTON (1822-1911), James CATTEL (1860-1940), Charles SPEARMAN (1863-
1975), Louis THURSTONE (1887-1955), Lee CRONBACH (1916-2001) are some of the pioneers
of the discipline, which has strong ties with statistics and biostatistics. As researchers became
increasingly interested in assessing the subjective aspects of health, the psychometric methods
were progressively translated in the field of health-related research since the middle of the 20™

century. This translation allowed the use and measurement of PRO.

In the psychometric field, a concept we want to measure is called a construct (e.g.
anxiety, pain, fatigue, HRQL...) [79]. As for any measurement device, the metrological
properties of a questionnaire have to be evaluated. There are three main properties that are
needed to be achieved:

1. the measure has to be valid (validity: it has to measure what it is supposed to
measure, e.g. if a questionnaire is designed to measure anxiety level, it has to not

measure depression level);

2. the measure has to be reliable (reliability: a measure is said to have a high
reliability if it produces similar results under consistent conditions. Measures
that are reliable are accurate, reproducible, and consistent from one testing

occasion to another);

3. the measure has to be sensitive to change (if conditions do change between two
measurements, a measure is said to be sensitive to change if it captures the

change with a sufficient level of precision) [12].
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A PRO instrument has good psychometric properties only if these conditions are met.
The assessment of the psychometric properties of a questionnaire is the concern of the
validation phase of an instrument. It relies on statistical techniques. One key aspect of these
statistical techniques is the choice of a measurement model. We will further develop some

different measurement models in psychometrics.

2.2 The measurement models in psychometrics

The measurement model is the algebraic process used to transform the observed
responses to all the items of a questionnaire into a unique numeric value: the measure of the
construct [12]. Since the end of the 19™ century, different theories have been developed,
describing the relationships between the items and the measure of the construct. The first and

most used measurement model is the Classical Test Theory (CTT).

2.2.a. The Classical Test Theory
Under this theory, the measure is a variable which is called the score. The score is taken
to be an appropriate representation of the level of a construct we want to measure. The score is
a combination of the responses to all items. Usually, this combination is simply the sum of the

responses to the items (sometimes with different weights applied to each item).

This theory postulates the observed score (S) for an individual to each item is an
assessment of the true score (T) of this individual. The observed score can be decomposed into

two terms, the true score (T) and a measurement error (E) [80-82]:
S=T+E.
The expected value of the observed score is the true score:
E(S) =T.

Thus, the true score of an individual i is conceptualized as the mean of observed scores
of a repeatedly administered test, with the mean of measurement errors on the J recurrences

supposed to be equal to O:

Y_isioo Y e
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Under CTT, it is assumed measurement errors have to be independent in all
circumstances. Formally stated, it corresponds to three postulates:

1. the true score is not correlated to measurement error (pr ; = 0),

2. measurement errors between two items of the same scale are uncorrelated

(pg, 5, = 0) (i.e. assumption of local independence),

3. measurement error between one item and true score of another item are

uncorrelated (pg, r, = 0).

At an individual level, the precision of a score is the error variance of the recurrences
[83].

At a population level, the true score is a random variable with a variance o (T). At this
level, the precision of a test is defined by a reliability index, which is the variance of the true
score divided by the variance of the observed score:

2
52, = 0D
ELO)
As measurement error is assumed to be independent of true score, the observed score

variance can be written as:
a2(S) = o%(T) + o%(E).

Thus, the more the error variance decreases, the more the reliability index of the test
increases [84]. As 2 (T) cannot be empirically known, the reliability index has to be estimated.

The most used estimator is Cronbach’s alpha [85].

If CTT is still the most used measurement model, it has been heavily criticized [86,87].
One of the criticisms concerns the postulates of independence about measurement error which
are strict. In practice, whether they are met is rarely investigated. In addition, these postulates
do not allow adequately taking into account certain systematic error phenomena, like learning
when a questionnaire is repeatedly administered to the same person. The justification of the use
of a questionnaire relies heavily on the value of its Cronbach’s alpha. However, it is well-known
the value of the Cronbach’s alpha has a tendency to increase with the number of items in a
questionnaire [12]. Therefore, under CTT, using a long questionnaire can be easily justified.
Another criticism concerns the obtained score. Under CTT, the raw score can rarely achieve
interval scale property (i.e. a unit difference characterizes the same amount of change in the

concept measured whatever the initial position on the scale) [86]. A last criticism concerns the
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definition of the true score under CTT. Indeed, in CTT the true score is defined as the mean of
observed scores of a repeatedly administered test to an individual. Thus, the true score is defined
by the items used to estimate observed score. The true score is synonymous of the
operationalization of the measure. Therefore, different questionnaires designed to assess HRQL
would indeed measure different HRQL concepts, each defined by the items used to measure it
[88].

2.2.b. Models with latent variables
2.2.b.a What is a latent variable?

The broadest definition of what is a latent variable comes from the field of probability
theory and statistics. In this field, a latent variable is defined as a variable “for which there is
no sample realization for at least some observations in a given sample” [89]. A more restrictive
and pragmatic definition of what is a latent variable can be found in social and behavioral
sciences. Here, the notion of latent variable refers to a “theoretical” or “hypothetical” construct.

Thus, latent variables are the abstract and unobservable concepts specified in theories [89].

Therefore, in psychometrics, a latent variable can be the construct someone wants to
measure (e.g. anxiety, depression, HRQL...). This variable cannot be observed or measured
directly, as opposed to manifest variables which are the items of a questionnaire. Since the
beginning of the 20" century, several models incorporating the use of latent variables have been
developed. One of these model is the “common factor model”. We will now elaborate
expansively on this model as it is the model used in the simulation study of this thesis work
(Part 4).

2.2.b.b. The common factor model

The work of Charles SPEARMAN on factor analysis at the very beginning of the 20"
century (1904) was the starting point of the development of models with latent variables
[90,91]. Later, Louis THURSTONE formalized the “common factor model” in 1947 [92]. In this
model, a latent variable is called a common factor (e.g. HRQL). The common factor is an
unobservable hypothetical construct that is assumed to explain the relationships between the
manifest variables, which are called the indicators (i.e. the items). Thus, each subject is
supposed to have a certain level of the common factor, and his/her responses to the items are

supposed to be indicative of this level. The responses are supposed to reflect the level of the
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common factor, as it is the common factor that is assumed to explain why a subject have

responded in a particular way.

This aforementioned model, where the common factor is assumed to explain the
relationships between the indicators, is called a reflective model. In this model, this is the
common factor which is supposed to cause the responses to the indicators and therefore the
indicators are taken to reflect the true value of the common factor. Nonetheless, another type
of relationships between indicators and common factor can be used: a formative model [93]. In
a formative model, these are the indicators that are assumed to cause the value of the common
factor, i.e. they are supposed to form the common factor. An example of this type of model can
be justified when the common factor is an aggregate of a collection of several indicators
measuring something somewhat similar although their values are not assumed to be caused by
a higher-order process (e.g. the measure of a composite index like the Human Development
Index which is computed using indicators of life expectancy, level of education, income per
capita etc. can be thought as a formative model). In psychometrics, models are usually
reflective, as the common factor is generally assumed to cause the relationships between the
indicators. Moreover, it can be argued the formative model can be used to describe relationships
between manifest variables and common factor in specific context, but it is not a measurement
model per se. Thus, from here to the end of this manuscript, we will assume the common factor
model as a reflective model. Figure 6 displays path diagrams of a reflective and formative

model.

Figure 6. A graphical representation of A. A reflective common factor model, B. A formative model
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In the reflective model, each indicator is a linear function of one or several common
factors and a unique factor (or residual factor). When there is only one common factor involved,
the construct is said to be unidimensional (a unique latent variable is enough to explain all the
correlations between the indicators, or, formally stated, if the latent variable is maintained at a
fixed level, then all the indicators are independent [94]), otherwise the construct is said to be
multidimensional. Common factors are continuous variables and explain the level of several
indicators. The unique factor, also a continuous variable, is associated with one indicator only.
It represents both the variability of the indicator that cannot be explained by common factors

and measurement error.

The model can be written as:

M
m=1

The subscript j is for the indicators (i.e. the items, j = 1 to p) and the subscript m for

common factors (m = 1 to M). y; is the vector of responses of N subjects to the item j. Each
common factor F,, is a vector of the factor level of N subjects. Each common factor loads (i.e.
explains) on each indicator. Thus, the strength of the correlation between a common factor and
an indicator is represented by a coefficient: the loading A;,, which has an absolute value
between zero and one. The unique factor to each item is a vector of length N (g;). A unique

factor associated to an indicator is assumed to be independent of the unique factors associated
to the other items (i.e. assumption of local independence) and independent of common factors.

A unique factor is assumed to follow a Gaussian distribution with zero mean.

Initially, factor analysis was used in an exploratory manner (EFA: Exploratory Factor
Analysis). The purpose of EFA is to search for the number and meaning of latent variables
which can explain the variability and correlations of a set of manifest variables [90]. Here, the
meaning of latent variables comes from data analyses [95]. The methods used to estimate the
parameters of an EFA model on sample data are Principal Factor (PF) or Maximum Likelihood
(ML). Because of the indeterminate nature of the common factor model (i.e. for any given
multiple-factor model, there exist an infinite number of equally good-fitting solutions, each
represented by a different factor loading matrix), once the appropriate number of factors has
been determined, the extracted factors are generally rotated [90]. In psychometrics, the usual
goal of the rotation is to propose the most readily interpretable solution in which each factor is

defined by a subset of indicators that load highly on one factor, and each indicator has ideally
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a high loading on one factor (the primary loading) only, and has close to zero loading on the
remaining factors (no cross-loadings) [92]. Thus, the most commonly used type of rotation is
called varimax rotation which maximizes the sum of the variances of the squared loadings (i.e.
the proportion of variance in the indicator the factor solution explains) [90]. It is an orthogonal

rotation: it implies the common factors are uncorrelated.

Later, Confirmatory Factor Analysis (CFA) has been developed and was formalized by
Karl Gustav JORESKOG (1935-present) in 1969 [96]. In CFA, the number and meaning of the
latent variables are defined prior to data analyses [95]. Here, the goal of the statistical analysis
is to check if the model fits adequately the data. Thus, CFA became an important statistical tool

in assessing the structural validity of a questionnaire and modeling responses to items [90].

There are several key differences between EFA and CFA [90]. First, in CFA, the model
specifies which common factor(s) loads on which item(s) (whereas in EFA, each common
factor loads on each item). Usually, an item is linked to one common factor only (there are no
cross-loading). Then, if in EFA the unique factors are supposed to be independent to each other
(before rotation, and after if an orthogonal rotation is used), it is possible in CFA to relax this
assumption and to specify in a model some correlations between some unique factors (i.e.
relaxing the assumption of local independence). Lastly, in CFA the common factors are usually
assumed to be correlated to each other, while in EFA they are assumed to be uncorrelated when

using an orthogonal rotation such as varimax.
A CFA model for the observed items of an arbitrary subject i can be written as:
yi =An; + &,

where y; is a vector of observed items, n; is a vector of unobserved common factors, ¢; is a
vector of unique (or residual) factors and matrix A contains factor loadings [96]. Using sample
data, the parameters of the model are usually estimated using ML (which assumes multivariate
normality [97]). The goal of the fitting algorithm is to provide a set of parameter values which
leads to the best possible prediction of the observed variance-covariance matrix between the
items (i.e. the model predicts an expected variance-covariance matrix as close as possible to
the observed one). If the model is just-identified or over-identified (i.e. the degrees of freedom
(df) of the model are null or positive), then there is a unique solution of parameter values which

minimizes this fit function:

Fy = In|S| —In|X| + trace[(S)(Z™1)] —p,
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where |S| is the determinant of the observed variance-covariance matrix, | 2| is the determinant
of the expected variance-covariance matrix, p is the number of indicators [90]. The determinant
is a scalar that reflects a generalized measure of the covariance between the entire set of
variables contained in a matrix. The trace of a matrix is the sum of values on the diagonal (which
is the sum of variances for a variance-covariance matrix). Thus, the goal of the fitting algorithm
is to minimize the differences between these matrix summaries (i.e. the determinant and trace)

for S and 2. When there is perfect fit, the value of the fitting function is zero.

To achieve identification of the model, the metric of latent variable(s) must be scaled.
It requires the imposition of what is called identifiability constraints. This can be done in two
different ways: either a factor loading for each latent variable is constrained to be equal to one,

or the variance of the latent variable is set to be equal to one [90].

The quality of the fit of an estimated CFA model on sample data can be assessed using
fit indices [98]. The first developed fit index is the ¥ which is calculated as:

Xz = Fy (N — 1),

where N is the sample size. Under the null hypothesis S = %, this quantity is supposed to follow
a y* distribution with a known number of degrees of freedom. Thus, the fit of the model can be
evaluated via statistical hypothesis testing. However, it is currently rarely used in applied
research [90]. Indeed, as the power of the test increases with sample size, it leads to the rejection
of adequate fit even when differences between S and X are negligible when sample size is large
[90]. Thus, other fit indices have been developed. One popular fit index is the Root Mean Square
Error of Approximation (RMSEA). The RMSEA is based on the idea that although
Fy (N — 1) asymptotically follows a central y? distribution under the null hypothesis of
perfect fit, it asymptotically follows a noncentral y? distribution under the alternate hypothesis.
Thus, the noncentrality parameter (d) of this distribution depends on how badly the model fits,

and can be used to construct a fit index [98]. This d parameter can be estimated as:

d = max(x? — df,0)/(N — 1), and RMSEA = \[d/df.

Thus, the closer the RMSEA is to zero, the better the fit is. Used cut-off values can be:
RMSEA < 0.05 is an excellent fit, RMSEA between 0.05 and 0.08 is an average fit and RMSEA
> (0.08 is a mediocre fit [98]. Another popular fit index is the Comparative Fit Index (CFI)
which is a measure of how the current model improves the fit relatively to a “null” model (a

model assuming no covariance between the manifest variables) [98]. It is computed as:
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CFI = max(x§ — dfy, 0) — max(yi — dfy, 0),

maX(Xg - dfO' 0)

with the subscript 0 for the “null” model and the subscript k for the tested model. The CFI can
range from zero to one and the closer the value is to one, the better the fit is. Used cut-off value
can be CFI > 0.95 as a criterion for good fit [98].

So, when assessing the structural validity of a questionnaire using the estimation of a
CFA model on sample data, a questionnaire with adequate structural validity will be one with:
— sufficiently high factor loadings value for each item (e.g. factor loadings > 0.4),

— adequate fit according to fit indices [90].

A CFA model can be expanded to include more than the fit of the observed variance-
covariance matrix between the manifest variables (i.e. the items). Indeed, it can also model the
vector of means of the manifest variables (which is called adding a mean structure to the model)
[90]. In this case, there is an additional set of parameters that are estimated which are called the

intercepts and the corresponding CFA model for an arbitrary subject i can be written as:
yi=t+An; + ¢,

with t a vector of intercepts (one for each indicator) [90]. Thus, an intercept corresponds to the
value of an indicator when the common factor is equal to zero. As for the modeling of
covariance structure, identifiability constraints are required to achieve identification. Here,
either an intercept per common factor has to be constrained to be equal to zero, or the common

factor(s) mean(s) has to be set to be equal to zero [90].

As ML assumes multivariate normality, it requires the indicators to be continuous
variables, or, at least, categorical variables with a sufficient number of categories (at least
seven) [99]. Nonetheless, several estimators have been developed to accommodate the use of
categorical items. One effective and simple option is to use robust Maximum-Likelihood with
Satorra-Bentler correction (MLM) [100]. Here, the x? value of the model is corrected by a
scaling correction factor (c) which is a general measure of the degree of multivariate kurtosis
in the data. The standard errors are also corrected using a sandwich-type estimator. Thus, MLM
produces adequate values of y2and fit indices. It also adequately corrects the standard errors

associated with the parameters.

Nonetheless, when there is a large departure from multivariate normality (e.g. when the
number of categories is < 4), it is possible for the parameter values to be biased [99]. Thus,

other estimators are available. One popular option is called the “three-stages approach” [101].
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Its fundamental assumption is the idea a categorical indicator is representative of a latent
continuous indicator (y*) following a Gaussian distribution that has been truncated [99,102].
In a first step, some parameters called thresholds () are estimated. These thresholds are the
parameters defining how the categories of the manifest ordinal indicator and the latent
continuous indicator are related. These thresholds are the values of the latent continuous
indicator at which there is a switch from one category to another of the observed categorical
indicator (thus, for an item with k categories, there are k-1 thresholds to estimate). If x is the

manifest indicator, in general, with k categories:
x =1iif §;_1 <y *< §;, where §, - —o0,and §, —» +oo.
Within a CFA model, estimates of the thresholds can be obtained as:
5, =0 Ypy +py+ - +pp), i=1,..,k—1,
with @~ the inverse of the standard normal distribution function and p;the estimated percentage
of responses in category i [103].
A second step is the use of these thresholds for the estimation of polychoric correlations
between the items (an estimation of the correlations between the items as if they were taken to
be continuous). Let &,67,..,6%, be the thresholds for variable y; and let

51(2),62(2),...,5,9_)1 be the thresholds for variable y;. The polychoric correlations can be

estimated by maximizing the log-likelihood of the multinomial distribution [103]:

ki kg
In(L) = > ny log(my;(6)),
i=1j=1
5O 6%
where m;(0) = Pr(y; = i,y; =) = [;y [y P2(w,v)dudv,
1-1 j-1
with &, (u,v) = ;e_z(lipz)(uz_zwvwz) the standard bivariate normal density with
22T anfa-p?) y

correlation p, 8 a parameter vector 8 = (57,657, ..., 65,62, 62, ...,6%,, p) and n;; the

sample size for categories i and j of the two variables.
Finally (third step), the estimated polychoric correlations and thresholds are used as data

to estimate the model using a Diagonally Weighted Least Squares (DWLS) estimator [101].

Parameter values of the CFA model are found by minimizing this fit function [99]:
Fpwis = (r =)W' (r — p),
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where r and p are vector containing sample-based and model-based relevant statistics
(thresholds and correlations) and W is a weight matrix (a consistent estimator of the asymptotic
variance-covariance matrix of the sample statistics; but when performing DWLS, only the
diagonal of the matrix is used (variances) to decrease the probability of computational and

convergence issues [99]).

This method imposes more identifiability constraints (the metric of the latent continuous
indicators must be scaled), three parameterizations are usually used [102,103]:
1. the delta (or marginal) parameterization where the distribution of y* is
standardized,
2. thetheta (or conditional) parameterization where the latent continuous indicator
error variance is constrained to be equal to one,
3. the alternative parameterization (which requires an indicator with at least three

categories) where two thresholds are constrained to be equal to zero and one.

This method can be computationally intensive on large models and sometimes leads to

convergence issues [102].

CFA is currently thought as a special case of what is called Structural Equation
Modeling (SEM) [104]. SEM is a very wide class of statistical modeling techniques for testing
and estimating different types of causal relations using a combination of quantitative data (i.e.
covariance + mean structures) and qualitative hypotheses [38]. The early beginnings of SEM
can be found in the work of Sewall wWRIGHT (1889-1988) on path analysis in 1921 [105]. Path
analysis is a method used to describe the directed dependencies among a set of manifest
variables. It can be understood as a generalization of regression analysis. In regression analysis,
a set of independent variables (which are in SEM language the exogenous variables) are used
to explain the value of one dependent variable (which is in SEM language the endogenous
variable). Path analysis allows modeling more complex directed relationships among a set of
variables than regression analysis (e.g. a dependent variable can also explain the value of
another variable, an independent variable can explain the value of more than one dependent
variable...). Sewall WRIGHT formalized the rules of tracing directed relationships among a set
of manifest variables, and a method to estimate the path coefficients (which are the coefficients
estimating the strength of a relationship between two variables that are thought to be linked in
the path model) [106]. The path coefficients are derived from the analysis of the observed

variance-covariance matrix between the set of variables.
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In the early 1970s, especially with the work of Karl Gustav JORESKOG, path analysis and
the common factor model were unified under the SEM theory (this was called by JORESKOG as
the Linear Structural RELationships (LISREL) model) [107]. Since, SEM can accommodate

the use of latent variables.

Currently, a comprehensive SEM is usually described as a compound of two main parts:
1. one or several measurement model(s), which is/are the part of the SEM
describing how latent variable(s) is/are measured by manifest indicators;

2. a structural model, which is the part of the SEM describing the structural

relationships between latent and/or some manifest variables [38].

Therefore, a CFA model is a special case of SEM. It is a SEM restricted to a
measurement model only [90].

SEM are usually displayed using graphical representations (which are called path

diagrams) [108] (Figure 7).

Figure 7. Symbols used in path diagrams

Manifest Variable

Latent Variable

Cause-Effect relationship

e
Y N\ Correlation

( ) Variance

A path diagram contains enough information to translate it into the mathematical
representation of the model. Manifest variables are represented by rectangles. Latent variables
are represented by ellipses. A supposed causal relationship is represented by a straight single-

headed arrow from the “cause” variable to the “effect” variable. Any variable receiving at least
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one single-headed arrow is an endogenous variable. Otherwise, it is an exogenous variable.
Two correlated variables (without any causal relationship specified) are linked with a curved
double-headed arrow (only between exogenous variables). Residual factors are represented
either using an ellipse and a straight single-headed arrow received by one endogenous variable,
or by an arrow received by an endogenous variable without the depiction of the ellipse. The
variance of an exogenous variable (including residual factors) can sometimes be symbolized by
a curved double-headed arrow with both heads received by the same variable.
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Figure 8. Theoretical examples of some Structural Equation Models. A: A regression model. B: A path
analysis model. C: A Confirmatory Factor Analysis model (bidimensional structure with 3 items loading
on each dimension). D: A comprehensive Structural Equation Model with 3 measurement models and a

structural part

Now that we have described the theoretical underpinnings of the common factor model,
we will further briefly introduce another class of latent variable measurement models which are
Item Response Theory models (IRT). Indeed, although the common factor model is the
measurement model under which the simulation study of this thesis work was performed (Part

4), IRT models nevertheless represent an important class of measurement models that can be
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used in psychometrics and therefore cannot be omitted of these theoretical prerequisites. In
addition, the data used in the simulation study of this thesis work were simulated using a Rasch
model, which is a family of IRT models.

2.2.b.c. Item Response Theory models
Initially, work on IRT models began in the context of educational testing, and expanded
at the beginning of the 1960s [109]. Thus, IRT models are the measurement models used for
standardized tests of abilities in universities, like the Graduate Record Examnation (GRE) in
the United States of America. Some of the pioneers of IRT models were the psychometrician
Frederic LORD (1912-2000), and the mathematician Georg RASCH (1901-1980), who pursued
parallel research independently. This measurement model is now increasingly used in health-

related research.

IRT models have been first developed for binary items. They model the probability for
an arbitrary subject i (i = 1 to N) to give a positive answer to item j (j = 1 to p) (which is usually
coded as 1) [86]. This probability is supposed to be a function of two different types of
parameters:

1. aperson parameter, which is the level of the latent variable that is wanted to be
measured (called “latent trait” in IRT),

2. some item(s) parameter(s).

The logistic model with one item parameter (LPLM: one-parameter logistic model,

which is mathematically equivalent to the Rasch model) can be written as:

exp(@i - 5])
1+ exp(6; — &;)

P(Y; =1[6,68)) =

where 9i~N(O, 0-92) is the level of the subject i on the latent trait and §; is the difficulty
parameter of the item j (which is the level of the latent trait at which a subject has a probability

of 0.5 to give a positive answer to the item) [109].

The aforementioned model can be extended with the adjunction of more item parameters

like a discrimination parameter v; (2PLM: two-parameters logistic model, with v; representing
the ability to discriminate two individuals with a latent trait level close to §;) or a guessing
parameter c; (3PLM: three-parameters logistic model, with c; the value of the probability to

give a positive answer when 6 = —oo) [109].
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The 1PLM and 2PLM can also be extended (Partial Credit Model, Generalized Partial
Credit Model, Rating Scale Model, Graded Response Model...) to accommodate the use of
nominal or ordinal items [109].

IRT models assume three fundamental hypotheses:
1. the assumption of local independence (the responses to the items are independent
conditionally to the latent trait),
2. the assumption of unidimensionality (one latent variable is enough to explain the
covariance between responses),
3. the assumption of monotonicity (the probability to give a positive answer to an

item is an increasing function of the latent trait) [86].

Figure 9. Item Characteristic Curves of a 7-items scale following a Rasch model. Each curve represents
the probability of a positive response to the item as a function of the latent trait. Each item has a higher
difficulty parameter value than the one before.
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i

Probability of a positive response
25

Latent trait

IRT models possess several interesting properties. Indeed, with IRT it is possible to
estimate a latent trait with interval scale property, which is rarely achieved with raw scores
[110]. Furthermore, regarding the management of missing data, Rasch-based IRT models
possess the property of specific objectivity, which allows one to obtain consistent estimates of
the parameters associated with the latent trait whether or not an item is observed [111].
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Consequently, unbiased estimates of the latent trait can be obtained even when some items are

missing, in a framework that can be ignorable or not [112].

Specific objectivity is a property restricted to the models of the Rasch family. Indeed, it
has to be noted certain authors argue Rasch-family models and other IRT models, although
sharing some similarities, are two approaches for modeling responses to items with different
epistemologies [113]. To certain authors, IRT models are viewed as more flexible because the
possibilities to add parameters in the model are wider. Thus, certain authors consider IRT as an
approach from the data to the model: it requires to find a model fitting the data appropriately
even at the potential expense of adding too much complexity leading to computational and
convergence issues. Contrariwise, Rasch models are often simpler in terms of modeling
parameters, but stricter in their fundamental assumptions. Here, the approach is from the model
to the data: it requires to design a PRO in order to comply to the assumptions of a Rasch model,
and if it is not successful, it is the PRO that is modified (in order to get a PRO with specific
Rasch-based model properties like specific objectivity). In fine, certain authors argue Rasch
Measurement Theory and IRT are two different kinds of psychometric theories [113].

Whatever, although IRT models have been recently extended to accommodate the use
of multidimensional constructs, these models are quite computationally intensive to fit with still
some convergence issues and therefore may not be the best suited for modeling multidomain

concepts.

3. The issue of the longitudinal assessment of a subjective construct

PRO are frequently used to assess the evolution of the level of a subjective construct
over time [114]. Often, they are used for the assessment of the effect of the occurrence of a
salient medical event (e.g. diagnosis of a severe disease, initiation of a severe treatment like a
chemotherapy...), with at least one evaluation before the event and one evaluation after (and
eventually a comparison with an appropriate control group) [114]. In this context, this is usually
the difference in scores over time that is taken to be an appropriate assessment of the effect of
the medical event [114].

However, this relies on the assumption the meaning of the construct one wants to
measure is stable in individuals® mind over time [29,34]. As aforementioned, certain empirical
results of the end of the 1980s and the beginning of the 1990s have challenged this assumption

(see Part 1, chapter 1). These results have led to the conclusion the meaning of a concept is
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susceptible to change in individuals” mind over time, especially after the occurrence of a salient
event [115]. More importantly, this change in the meaning of a targeted construct over time can
have an effect on the difference in scores observed. This leads to the question: when a difference
in scores over time is observed, to what can it be attributed (i.e. to an actual change in the

targeted construct, and/or to a change in the meaning of the assessed construct)?

This issue has led to the development of what is now known as response shift theory
(with the term response shift referring to the effect on scores via the change in meaning of a
targeted construct) [30]. Since the end of the 1990s, research on the detection, measurement
and integration of response shift phenomenon into PRO data analyses has become an important
issue in psychometrics, especially within the field of the assessment of HRQL in health-related
research. It has led to the development of specific methods, some of them heavily relying on
statistical modeling. Nonetheless, as research on response shift phenomenon is still a young
field, some issues both on a methodological and statistical level have to be tackled. Thus, certain
specific considerations on these methodological and statistical issues constitutes the core of this
thesis work. Work on response shift has been prolific since the beginning of the 2000s and as
it is not a field with heavily stabilized certainties there are still debate and controversies on the
meaning of response shift phenomenon within the academic community. In addition, as it is
still a young concept, it is not necessarily an “easy to grasp” concept at a first level. Thus, before
the introduction of the original works on statistical and methodological considerations, it seems
relevant to firstly propose a state of the art of works conducted on response shift theory at an

international level, which is the purpose of the next part of this manuscript.
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“Those who cannot remember the past are condemned to repeat it” — George

Santayana, philosopher, essayist, poet and novelist
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This part will be a state of the art of the international works conducted on response shift,
mostly in the field of health-related research. The core idea of this part was to broadly develop
various aspects related to response shift theory: like an historical perspective showing how the
occurrence of the response shift notion in psychology was further translated in health-related
research, the evolution of the theoretical models linking response shift to perceived HRQL, the
various debates and controversies about the meaning of the occurrence of response shift
phenomenon, as well as the different methods developed to detect response shift and a synthesis
of major empirical results. This part was redacted to be included as a chapter of a book about

the issues regarding the measurement of change in perceived health in patients living with a

Wic disease. /
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1. Introduction

Patient-Reported Outcomes (PRO) are now widely used in health-related research to
assess for instance Health-Related Quality of Life (HRQL), often with self-administered
questionnaires [18]. The emphasis on assessing HRQL alongside clinical outcomes is related,
in part, to the rise in the prevalence of chronically-ill patients suffering from diseases that cannot
be cured. In medical areas such as oncology and palliative care, HRQL is measured over time
to add relevant information on patients’ subjective experiences in the course of treatment, to
counterbalance objective data such as survival time [116]. The increasing interest in collecting
data on individuals’ HRQL also highlights the recognition that patients should have a say in the
choice of their therapy [18]. To enable this, it is necessary to assess other outcomes than health
status or symptom levels, since their improvement or deterioration is not always correlated with

patients’ subjective experiences [14].

Usually, HRQL measures are based on the assumption the meaning of concepts and
measurement scales remains stable in individuals’ minds over time [34]. Thus, HRQL scores
are assumed to be directly comparable for a given individual over time [29]. However, a
growing body of literature developed since the mid-1990s has pointed out these assumptions
can be over-simplistic, especially when a person experiences a salient health-related event, or
has to adapt in living with a chronic disease. Since, numerous studies have suggested the
occurrence of a salient event can have an effect on one’s representation of the concepts being
measured (i.e. HRQL...), which can have an impact on changes observed [115]. Thus, HRQL
is now more viewed as a dynamic concept in nature [26]. To put it simply, the abovementioned
findings were interpreted as evidences that respondents understand the same questions
differently over time [30,117]. This whole process, from the occurrence of the event, to the
effect on HRQL scores (via the changes in meaning of the concepts being measured in

individuals’ minds) is now known as the response shift theory [118].

The objective of this chapter is to provide an overview of the works conducted since

response shift is investigated in health-related research.
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2.1. Within the field of educational training

2. First occurrences of the notion of response shift in psychology and
health-related research

2.1. Within the field of educational training

Historically, the term “response shift” was introduced by HOWARD et al. in 1979 in the
field of educational training [51]. Their aim was to experimentally assess the efficacy of various
training interventions proposed by psychologists in college and work environments, like

improving leadership and performance appraisal or reducing dogmatism.

The typical approach to assess training interventions involves collecting pretest and
posttest data on subjects exposed to the intervention, and comparing them with an appropriate
control group. In line with usual assumptions on self-report instruments, HOWARD et al. have
posited that for pretest and posttest scores to be comparable, a common metric has to exist
between the two sets of scores [119]. Thus, in the case of self-report, researchers assume
subjects have an internalized perception of their level of functioning and this internalized
standard would not change from one testing to the next [51].

Nonetheless, HOWARD et al. published what they called “a somewhat paradoxical
finding” [120]. In a study many subjects self-reported a higher level of dogmatism after the
training despite clients’ and therapists’ perception that training had been beneficial [120]. They
interpreted these results as evidences that the intervention had the ability to improve one’s
insight or awareness of his/her own level of dogmatism [120]. This led to a change of one’s
internal standard of measurement over time [120]. Therefore, HOWARD et al. hypothesized that
whenever such a shift occurs, conventional pretest/posttest self-reporting is unable to accurately
gauge treatment effect [120]. So, they claimed the pretest measurement was inaccurate [120].
Thus, they developed a new experimental design, incorporating a retrospective self-assessment
of pretest level (also called “then-test””) immediately after posttest assessment [120]. The
difference between the then-test and the posttest assessment was supposed to assess more
accurately changes induced by training regarding the concept of interest. The difference

between pretest and then-test self-report ratings has been referred to as response shift [51].

2.2 Within the field of management sciences

In 1976, in the field of organizational changes, GOLEMBIEVSKI et al. introduced a
typology of within-individuals changes over time related to self-reports, in a paper about the

measurement of change and persistence in human affairs [121].
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They defined three types of changes [121]:

1. “alpha change involves a variation in the level of some existential state, given a
constantly calibrated measuring instrument related to a constant conceptual
domain;

2. beta change involves a variation in the level of some existential state,
complicated by the fact that some intervals of the measurement continuum
associated with a constant conceptual domain have been recalibrated;

3. gamma change involves a redefinition or reconceptualization of some domain,
a major change in the perspective or frame of reference within which
phenomena are perceived and classified, in what is taken to be relevant in some

slice of reality”.

2.3. Within the field of health-related research

One of the first occurrences of the concept of response shift in health-related research
can be found in a paper published in 1991 by BREETVELT and VAN DAM [122]. The introduction
of the notion was an attempt to explain what they called “underreporting” regarding HRQL
assessment in cancer patients (i.e. despite frequently reporting a high level of physical
complaints, some results suggested no differences in terms of psychological complaints or
overall HRQL between cancer patients and healthy people) [122]. In respect to HOWARD et al.
definition, response shift, viewed as a change in internal standard of measurement was one of

the proposed explanations [122].

BREETVELT and VAN DAM concluded that self-reported HRQL outcomes should be
approached with caution, and proposed a then-test design to assess more carefully changes in
HRQL related to the occurrence of cancer. In 1996; SPRANGERS proposed one of the first

applications of the then-test on two measurement occasions HRQL data in cancer patients [123].

3. Definition and theoretical model

3.1. Current definition of response shift

In 1999, SPRANGERS and SCHWARTZ translated the notion of response shift into the field
of HRQL [30]. They proposed the introduction of the response shift concept could be relevant

to interpret some “paradoxical and counter-intuitive” findings [30] like reporting of stable
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3.2. First theoretical model proposed (Figure 10)

HRQL by patients with a life-threatening disease [31], or discrepancies between clinical

measures of health and patients” own evaluations of their health [32].

Thus, response shift has been defined as “a change in the meaning of one’s self

evaluation of a target construct over time” [30]. Grounded in the typology of changes

introduced by GOLEMBIEVSKI et al. [121], response shift was subdivided in three forms [30]:

1.

recalibration, which is a change in the respondent’s internal standards of
measurement (e.g. a person suffering from chronic pain and rating it on a pain
scale as 7/10 will later rate it as 5/10 after experiencing acute pain, despite the
chronic pain being the same as before), it corresponds to GOLEMBIEVSKI et al.
definition of beta change;

reprioritization, which is a change in the respondent’s values (i.e. the relative
importance of component domains in the target construct - e.g. an athletic person
who considers physical functioning as an important part of his/her HRQL may
later place emphasis on social functioning after sustaining permanent physical
injury), it corresponds, in part, to GOLEMBIEVSKI et al. definition of gamma
change;

reconceptualization, which is the redefinition of a target construct (e.g. an item
of a multidomain questionnaire initially assessing the domain of mental health,
will be later understood by the respondent as assessing another domain, like
social functioning), it also corresponds, in part, to GOLEMBIEVSKI et al. definition

of gamma change.

3.2. First theoretical model proposed (Figure 10)

The first theoretical model designed to address how response shift may have an effect

on HRQL scores after changes in health status was published by SPRANGERS and SCHWARTZ in

1999 [30].
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Figure 10. First theoretical model of response shift and perceived HRQL proposed by SPRANGERS and
SCHWARTZ (Source: SPRANGERS and SCHWARTZ, Social Science and Medicine, 1999 [30])

Antecedents
e.g. O sociodemographics
£ personality
O expectations
O spriritual identity

v v
Catalyst —— » Mechanisms » Response Shift —— » Perceived QL
. e.g. O coping i.e. change in
O social comparison O internal standards
0 social support O values
O goal reordering 0 conceptualization

O reframing expectations
0 spriritual practice

The model was designed to address relationships between five major components.
Indeed, it includes:

1. the catalyst: a salient event leading to a change in the respondent’s health status;

2. antecedents: stable or dispositional characteristics of the individual. They have
both direct and indirect effects on potentiating response shift. They affect the
kind of mechanisms engaged, the magnitude and type of response shift;

3. mechanisms: behavioral, cognitive and affective processes to accommodate the
catalyst, like the use of coping strategies or upward or downward social
comparisons;

4. response shift,

5. perceived HRQL: a multidomain concept with frequently at least 3 broad

domains (e.g. physical, psychological and social functioning) [30].

The feedback loop included in the model illustrates the process is thought as iterative
and dynamic: perceiving a suboptimal HRQL may lead the individual to reinitiate established

or new mechanisms [30].

According to SPRANGERS and SCHWARTZ, response shift was isolated both from
mechanisms and perceived HRQL as it conceptualizes aspects that are likely to help
understanding changes observed in HRQL over time [30]. The isolation of response shift was
therefore conceived as a pragmatic approach to explain some aspects of changes in HRQL. As

such, response shift was not thought as a replacement to other theories like adaptation theories
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[124], discrepancy theories [67], uncertainty in illness theories [125], or stress-coping theories

[126], but rather as a concept that can be incorporated in such existing theories [30].

3.3. Update of the theoretical model (Figure 11)

In 2004, RAPKIN and SCHWARTZ extended the first theoretical model [118]. One of the
main reasons was that RAPKIN and SCHWARTZ noticed the formulation of the model could be
criticized, as it presented some issues of circular reasoning. In the first model, they pointed out
response shift was not sufficiently differentiated from both mechanisms and outcomes [118].
Therefore, the concept of response shift overlapped with the psychological mechanisms leading
to response shift effect and the outcome affected by response shift effect. So, there was a need

to clearly distinguish mechanisms and outcomes from response shift.

Figure 11. Updated theoretical model of response shift and changes in HRQL proposed by RAPKIN and
SCHWARTZ. Accounting for changes in standard influences (S), coping processes (C) and appraisal
variables (A). (Source: RAPKIN and SHWARTZ, Health and Quality of Life Outcomes, 2004 [118])

Antecedents
Sy
S,
Change in
! Quality of Life
Catalysts Sy > | Explained by
“C Standard Model
C, 3
C, Discrepancy
*| Mechanisms (Residual)
A, A, A,
r
> Appraisal

Note: In this model, three families of hypothetical relationships which can be considered in the
explanation of HRQL are postulated. The first family is what we can call “standard Bfluences ™ on
HRQL, such as the direct effect of a catalyst (5; pathway) or antecedents (33), or the indirect effect of
antecedents throush mediation by the catalyst (37). The second family of relationships involves coping
mechanisms. First, catalyst is hypothesized to encourage or dismupt coping mechanisms ({C1). There are
also hypothesized differences in coping associated with background wvariables (C7). Mechanisms of
problem-focused coping that reduce the impact of catalyst on HRQL are included as moderator or
buffering effect (C3). The third family of relationships concerns appraisal processes. Coping mechanisms
can lead to changes in the appraisal of HROQL (Aj3). Catalyst or antecedents variables can also influence
appraisal (A; and Ag). A change in appraisal ultimately leads to RS effect, hence affecting one’s
perceived HROQL.
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The main new idea behind this updated model is that response shift is now thought as a
phenomenon occurring when there is a change in appraisal [118]. Indeed, RAPKIN and
SCHWARTZ supposed that any response to a HRQL item can be understood as a function of an
appraisal process. RAPKIN and SCHWARTZ posited at least four cognitive processes to account

in an individual HRQL assessment.

These four processes are:

1. a frame of reference comprising one or more subsets. These subsets can be
understood as categories of experiences or events that individuals consider
relevant to a particular HRQL scale at the time of the assessment;

2. a sampling strategy to extract from categories within a frame of reference
specific experiences used to make a HRQL assessment (e.g. in assessing pain an
individual can sample “recent instances of pain” or “times when pain interfered
with my activities”);

3. a standard of comparison as a reference point to evaluate the specific
experiences sampled (e.g. pain experiences may be compared to “worst pain I’ve
ever had” or to “what my doctor told me to expect”);

4. acombinatory algorithm used to edit the responses by combining the evaluations
into a summary of appraisal of HRQL. It describes how people can use different
subjective weights to increase or decrease the relative importance of different

experiences [118].

Thus, response shift can be equated neither to mechanisms, nor to the outcome
(observed scores). Rather, it is an effect triggered by psychological mechanisms, mediated
through a change in appraisal, leading into changes in observed HRQL scores that cannot be
explained by standard influences (direct effect of the catalyst, and direct and indirect effect of

antecedents: S pathways in Figure 11) [118].

The three forms of response shift proposed by SPRANGERS and SCHWARTZ were related
to the aforementioned appraisal processes:
1. change(s) in the frame of reference relate to reconceptualization,
2. change(s) in the sampling strategy or the combinatory algorithm relate to
reprioritization;

3. change(s) in the standard of comparison relate to recalibration [118].
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4. Debate and controversies about the concept of response shift

Initially, in the field of educational training, response shift - equated to recalibration -
was interpreted as a measurement bias obscuring the appropriate assessment of the efficacy of

an intervention [51].

However, in the model proposed by SPRANGERS and SCHWARTZ the response shift effect
is a consequence of the initiation of psychological mechanisms triggered by the catalyst, and it

is viewed as one of the path explaining changes in perceived HRQL [30].

Thus, response shift is a concept that can be related to issues in psychology (explaining
how people deal with life changes), but also to issues in experimental designs and
psychometrics. This has resulted in an ongoing debate about the meaning of response shift
[29,36,52,127-131]. This debate often opposes two views on response shift:

1. aview where response shift is more interpreted as a measurement characteristic
and therefore a bias that needs to be corrected;

2. aview where response shift is more interpreted as a subject characteristic and
therefore seen as a phenomenon leading to meaningful changes worth

investigating in their own [52].

This debate has been emphasized in a commentary by UBEL et al. which proposed to
abandon the term response shift [36]. They argued the use of the term response shift doesn’t
help to disentangle two different phenomena. To them, the occurrence of recalibration is a threat
to the validity of self-reports (i.e. a measurement bias), obscuring an appropriate assessment of
“true change” (i.e. a change in the latent targeted construct itself, which corresponds to
GOLEMBIEVSKI et al. alpha change). However, they view reprioritization and
reconceptualization as processes by which people emotionally adapt to circumstances, leading
to true change in HRQL. Thus, to them, the indistinct use of the term response shift has led
researchers to think of response shift as mainly an issue of measurement bias. Therefore, they
proposed to dichotomize response shift by using the term “scale recalibration” when referring
to recalibration response shift, and using a term like “emotional adaptation” or “hedonic
adaptation” when referring to reprioritization and reconceptualization response shift [132—
134].

Nonetheless, this commentary has led to a rebuttal by SPRANGERS and SCHWARTZ [127].
If they have agreed with UBEL et al. the response shift concept is lumping together different

phenomena, they have argued the dichotomy proposed by UBEL et al. could be too restrictive.
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Indeed, SPRANGERS and SCHWARTZz proposed that scale recalibration can also be a process
leading to adaptation to illness; while reprioritization and reconceptualization can also be a
psychometric issue (i.e. adding complexity to the measure of true mean change of an invariant
construct) but only when HRQL scores are compared, either within individuals over time, or
between individuals who have different perspectives on HRQL. Thus, according to SPRANGERS
and SCHWARTZ, adaptation is a psychological mechanism and the different types of response

shift are consequences of this mechanism.

Thus, if recent studies investigating changes in HRQL put more emphasis on response
shift as one of the outcomes of interest [135], the different hermeneutics that are subsumed
under the response shift theory are still debated [129]. In that regard, some authors have
proposed it is needed to be more accurate about the purpose of an empirical study and the use

of the response shift concept when reporting results [128,136].

Nonetheless, debating on what response shift is has helped to define what response shift
is not. Indeed, response shift cannot be called anytime there is a difficulty in interpreting
changes over time in observed HRQL scores [52]. Thus, response shift cannot be equated to
measurement error [37]. It also cannot be equated to other types of processes which may induce
changes in observed HRQL scores, like response tendencies such as social desirability or

acquiescence, effort justification or cognitive dissonance reduction [30].

5. Methodological approaches to address response shift (Table 1)

Since the occurrence of the first theoretical model of response shift in health-related
research, numerous methods have been designed and used to detect response shift effect. These
methods can be partitioned into two groups [135]:

1. methods based on specific study design: these approaches are based on a specific
design or on the use of specific measurement tools. Therefore, they are used when
response shift is anticipated as one of the main outcome of interest;

2. statistical methods: these approaches are based on the use of statistical tools to
search for evidences of response shift on datasets. Therefore, they can be used

without the need of a specific design.

Table 1 briefly synthetizes the key characteristics of the different presented methods.

Each method will be further introduced individually.
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Table 1. A summary of some of the key characteristics of the different methods developed to detect response shift

__Levelat
which Forms of response Quantitative Number of time
Method response e . assessment of points True change estimate Note
e shift investigated . . .
shift is response shift investigated
analyzed
Methods based on specific study design
Then-test Group- Recalibration Yes 2 Response shift adjusted Most used but criticized since
[120,123] analysis change
PGI - Individual Reprioritization, Possible, but At least 2 Possible, but complex Each person can define what
SEIQoL and/or Reconceptualization complex is HRQL for him/her
[137,138] Groupe
analysis
HEI-Q [139] Group- Recalibration Yes 2 Response shift adjusted Suppose awareness of the
analysisl| change response shift process
Vignette Group- Reprioritization No At least 2 No
ratings analysis
[140]
QOLAP Group- All forms Not directly At least 2 Not directly Provide an in-depth analysis
[118] analysis of changes in appraisal
processes
Qualitative Individual All forms No At least 2 No Provide an in-depth analysis
interviews and/or of changes observed over
[141,142] group time in HRQL
analysisl|
Statistical methods
SEM Group- All forms Yes 2, more possible No Rely on GOLEMBIEVSKI et al.
(Schmitt’s analysis but complex typology of changes
Technique)
[143,144]
SEM (OP) Group All forms Yes 2, more possible Yes Can assess response shift
[37,39,145] analysis but complex from a measurement and a
conceptual perspective
Currently used at domain
level mostly
Latent Identify Cannot distinguish Possible At least 3 Not directly Can identify subgroups with
trajectory subgroups which forms are similar patterns of response
analysis of  with similar detected shift along with the group
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residuals patterns of which did not experienced
[146] response response shift
shift
Relative Group- Reprioritization Possible Multiple-times Not directly Relative analysis: one group
importance analysis point is compared to another
analysis
[147]
CART [148] Group- All forms No 2 No Data mining technique: infer
analysis complex patterns of response
shift over time between
different investigated groups
CART + Group- Reprioritization No At least 2 No Assess complex evolution of
Random analysis reprioritization response shift
Forest over multiple-times point
[149]
IRT (LLRA) Group- Recalibration Yes 2 No Model retrospective
[150] analysis assessment data, assumes
absence of true change
IRT Group- Recalibration, Yes 2 Yes Could be an interesting
(ROSALI) analysis Reprioritization choice for detection of
[151] response shift at item-level

Reconceptualization would
require multidimensional IRT
modeling
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5.1. Methods based on specific study design

5.1.a. Retrospective rating or the then-test approach (Figure 12)

The then-test approach is based on the same design used by HOWARD et al. in the field
of educational training [120]. Usually, changes in PRO observed scores, regarding the
occurrence of a salient event (e.g. diagnosis of a disease, initiation of a therapy...), are estimated
by the difference between a baseline assessment (pretest, before the event) and a follow-up
assessment (posttest, after the event). The then-test is a retrospective assessment of the baseline
assessment, performed at the same time as the posttest [152]. Therefore, it is assumed that
posttest and then-test are sharing the same internal standards of HRQL within individuals, thus
accounting for recalibration response shift [135]. The difference between the then-test and the
pretest assessment is assumed to be an estimate of the magnitude of the recalibration effect.
The difference between the posttest and the then-test is used as a measure of recalibration-
adjusted change [135].

Figure 12. The then-test approach to detect response shift (Source: BARCLAY-GODDARD et al.
Quality of Life Research, 2009, [135])
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This figure represents a measure of HRQL on a 0-100 scale with a traditional pre-test at baseline,
posttest at follo w-up, and a then test of baseline health occurring also at follow-up.

Example of atypical then test question: Please mmember to when you last filled out this
questionnaire | month ago. Please provide anew judgment about your quality of life at the time
vou last filled out this questionnaire | month ago. Rather than try to recall your prior responses,
please offer a rene wed judgment of vour quality of life then, given what vour perspective is today.

The then-test has been the most used method for assessing recalibration effect [115].

Since 1996, it has been used with a variety of PRO instruments and patient populations.
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However, it has been criticized since [153]. First of all, the basic premise the then-test and
posttest shares the same internal standards has been questioned [154]. Then, as the then-test
asks respondents to provide a retrospective assessment, it implies individuals can access the
evaluated previous state in their minds appropriately without recall bias, although the effect of
this bias has been shown in empirical studies [155]. Third, there is a potential contamination
due to other response biases, such as social desirability effect of effort justification [51]. Lastly,
the then-test implies the retrospective assessment is achieved by directly extracting appropriate
data about the health state being assessed and rating it accordingly. However, some authors
have argued the actual cognitive mechanism engaged can be more understood as an “implicit
theory of changes”, where people think about past times starting from the present and
reconstruct their baseline state inferring what they think they were at that time [156]. If true, it
would threaten the possibility of a retrospective assessment. Thus, the use of the then-test as an

adequate method to detect recalibration response shift is currently heavily questioned [153].

5.1.b. Specific questionnaire assessing the magnitude of recalibration for a specific
intervention

The Health Education Impact Questionnaire (HEI-Q) was developed to identify
recalibration among individuals participating in an arthritis self-management course [139].
Each of the nine items is rated using a seven-point scale to estimate if recalibration has occurred
and at which magnitude. Recalibration is described as negative when people realize that they
were worse than they thought at a prior point, positive when they were better than thought at a
previous point, or absent [139]. This type of questionnaire has been designed to be used to
assess the efficacy of a specific intervention whose purpose is to induce recalibration.
Nonetheless, it seems the heuristic of the questionnaire is based on the assumption people are
aware their internal standard of measurement has changed over time, which imply recalibration

is thought here as a conscious process only.

5.1.c. Questionnaires assessing how HRQL is conceptualized by individuals
Using these questionnaires, an individual is asked to select and rate the value of different
domains of HRQL. Two PRO instruments have been used to detect reprioritization and
reconceptualization response shift: the Patient Generated Index (PGI) and the Schedule for the
Evaluation of Individual Quality of Life (SEIQoL) [137,138,157]. Both instruments, if different

in presentation, are close in process. First, a person is asked to select five life areas that are
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supposed to match his/her individual definition of HRQL. Then, this person rates his/her ability
in these areas, and is asked to provide weights reflecting the relative importance according to
each of the five areas. Over time, reprioritization can be inferred by a change in the weights of
the different domains, and reconceptualization by a change in the choice of the domains
[137,138,157].

Those methods have the advantages to be very individualized procedures: each
individual can choose what domains best represent HRQL for him/her. However, it is hard to
provide a numerical value estimating the magnitude of the reprioritization and/or

reconceptualization effect [135].

5.1.d. Vignette ratings
When this design is used, patients are asked to read brief vignettes describing in a few
sentences different hypothetical health states. For example, each vignette can briefly describe a
side-effect of prostate cancer treatment [140]. Before and after treatment (i.e. surgical removal
of the cancer), patients rate how each state described by the vignettes appears to be detrimental
by their own values. Reprioritization response shift can be detected when the rating of a vignette

is significantly different before and after the treatment [140].

5.1.e. Use of the Quality of Life Appraisal Profile (QOLAP)
This questionnaire was designed to assess the four aforementioned cognitive appraisal
processes engaged when respondents are asked to take a survey [118] (see Part3, chapter 3.3).

The purpose of the questionnaire is to get a precise description of each of the processes (frame
of reference, sampling strategy, standard of comparison and combinatory algorithm) for each
respondent when asked about their level of HRQL using a validated PRO instrument [118].
Therefore, the occurrence of response shift effect can be inferred when there are changes in
these appraisal processes over time for a given respondent. Each form of response shift can be

inferred as each appraisal processes have been linked to different forms of response shift [118].

5.1.f. Qualitative interviews
Qualitative interviews can be conducted to generate an in-depth knowledge of how a

person is experiencing changes in HRQL over time. Content analyses using specific tools can

55

Part 3: A state of the art on the international works conducted on response shift



5. Methodological approaches to address response shift (Table 1)

then be used to analyze the verbatim of the interviews and help eliciting occurrences of response
shift [141,142].

5.2. Statistical methods

5.2.a. Using Structural Equation Modeling (SEM): The Schmitt’s technique
Historically, detecting and taking into account various types of within-individuals
changes over time of a targeted construct using factor analysis has been proposed even before
response shift was defined in health-related research. Indeed, a method designed to detect the
aforementioned types of changes introduced by GOLEMBIEVSKI et al. (see Part 3, chapter 2.2)

has been developed by sCHMITT in 1982 [143].

The Schmitt’s Technique relies on an operationalization of GOLEMBIEVSKI et al.
typology of changes as change(s) in the value of SEM parameters between two times of

measurement.

This method has been used several times in the field of health-related research to detect

response shift when measuring changes observed over time in HRQL scores [41,48,144].

Nonetheless, as the typology of changes on which it relies is not strictly equivalent to
the typology of response shift proposed by SPRANGERS and SCHWARTZ, there was, since the late
2000s a shift in use in favor of another method for detecting response shift using SEM: the

Oort’s Procedure.

5.2.b. Using Structural Equation Modeling: The Oort’s Procedure (OP)
The Oort’s Procedure was first proposed in 2005. It relies on an operationalization of
the different forms of response shift (as proposed by SPRANGERS and SCHWARTZ) as change(s)

in the value of SEM parameters between two times of measurement [37].

As OP proposes certain interesting features, it has been used to detect response shift on
several clinical datasets [39-50]. When used to model observed HRQL scores of a multidomain
questionnaire (response shift detection at “domain-level”), it allows assessing for each domain
whether it is affected by one or several specific form(s) of response shift (and if so, by which
magnitude), together with estimating true change in HRQL after taking into account response
shift. It also allows indicating the respective contribution of true change and response shift in
explaining changes in each observed HRQL domain scores [39].
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The development of the OP has also been helpful as a framework to help clarify a formal
definition of what is response shift (in terms of models and psychometrics in the broadest sense,
irrespective of the method of estimation) [158]. Indeed, in 2009, OORT et al proposed to formally
define response shift from two different perspectives (a “measurement perspective” and a

“conceptual perspective ) [145] (Table 2 and Table 3). According to OORT et al., response shift
ptual persp ) [ g P

from a measurement perspective is a special case of measurement bias, where changes over
time of the level of a latent attribute of interest A (e.g. true change in HRQL itself) cannot fully
determine changes of test scores X (e.g. observed HRQL scores) [145]. However, response shift
from a conceptual perspective is a special case of explanation bias where a change over time of
an attribute of interest A cannot be fully explained by observed variables E representing
standard influences on HRQL, but also by other variables V representing mechanisms (e.g.

coping mechanisms, social comparisons...) [145] (Figure 13).

Table 2. Measurement perspective, conceptual perspective, measurement bias, explanation bias in HRQL,

according to OORT et al. (Source: OORT et al. Journal of Clinical Epidemiology, 2009 [145])

Bias

Measurement perspective

Conceptual perspective

Bias introduction

Bias definition

Bias in HRQL research

MNote

Measurement bias is bias in the measurement of the
target construct {i.e., the attribute of interest).
Differences between respondents in observed test
scores cannot be fully explained by true differences
between respondents in the attribute of interest
Variance in test scores does not fully represent true
variance in the attribute.

Measurement bias is formally defined as a violation of
measurement invariance,
fIX|A=a, V=v)=g(X|A =a),

for all values of @ and v, where X are ohserved
variables {measurements of A), A are the atiributes of
interest, and V are possible violators of invariance.
Function { is the distribution function of X given
a and v, and function 2 is the distribution function of
X given just a

In HRQL research, measurements X are observed scores
on a HRQL test, atiributes A are HRQL itself and
a are true HRQL values, and Vare all other variables
in HRQL studies. With measurement bias ina HRQL
test, differences between patients in observed test
scores canmnot be fully explained by differences in
their true HRQL. As a result, test scores also
represent something else besides HRQL.

In the measurement perspective, all variables other than
A are considered polential vielators of measurement
invariance. We do not distinguish between
acknowledged explanatory variahles and other,
possibly eonfounding variables; all such variables are
subsumed under V.

Explanation bias is bias in the explanation (or
prediction) of the largel construct (i.e., the atiribute of
interest). In addition to the acknowledged
explanatory variables, there are other variables that
also explain part of the variance in the atiribute of
interest, possibly confounding the effects of the
acknowledged explanatory variahles.

Explanation bias can be formally defined as a violation
of explanation invariance,
fA|E=e, V=v)= glA|E = e),
for all values of ¢ and v, where A are the atiributes of
interest, E are acknowledged explanatory variables
(i.e.. causes or predictors) of A, and Vare possibly
confounding variables. Function [ is the distribution
function of A given ¢ and v, and function g is the
distribution function of A given just e

In HRQL research, A are HRQL values, E are causes or
predictors of HRQL, such as biological and
physiological factors, physical and psychological
symploms, and V are all other variables that may also
affect HRQL but are not taken into account. The
explanation of patients’ HRQL may be confounded
by variables other than the acknowledged prediclors
or causes of HRQL.

In the conceptual perspective. we do distinguish
between acknowledged explanatory variables E and
possibly confounding variables V, but we do not
distinguish between the attribute of interest itself A
and its operationalization X; that is, A and X are
assumed 1o coincide.
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Table 3. Response shift in measurement and conceptual perspective according to OORT et al. (Source: OORT
et al. Journal of Clinical Epidemiology, 2009 [145])

Response shift

Measurement perspective

Conceptual perspective

Response shift introduction

Response shift definition

Response shift in HRQL research

Response shift in terms of Sprangers
and Schwartz {19949)

In measurement perspective, response shift can be
understood as bias in the measurement of changs in
attribute A: it explains observed change (in X' ) that
cannot be fully explained by true change (in A).
Hence, response shift is measurement bias that varies
with time of measurement.

Response shift can be formally defined as measurement
bias, with X representing the respondents” observed
scores on repeatedly administerad tests, A
representing the tue attribute values of the
respondents at the times of measurement, and Vheing
the time of measurement itself or other variables with
effects on X that vary with time of measuse ment.

In HRQL research, X ame observed scotes on repeatedl y
administered HRQL tests, A are true HRQL values at
the times of measurement, and Vis (a coding for) the
time of measirement itself, g, before or after
a health-state change, or Vare individual
chatacteristics that interact with the time of
measurement, of oocur of changs betwesn the
measurement occasions (e.g., adaptation, coping,
social comparison). With response shift, observed
changes in test scores cannot be fully explained by
true changes in HRQL.

X are test scomes and A are true values for HRQL o
other patient-reported “outcomeas™ at different
measurement occasions. Vcan be “catalysts™ eg.,
health-state change, diagnosis, medical treatment,
“mechanisms,” e.g., adaptation, coping, social
comparison, “antecedents” i.e., (other) individual
and environmental characteristics, of any other
variable that might be relevant. The *mechanisms™
affect the observed test scores through recalibration,
reprioritization, or reconceptal ization of test items
and response scales (but not tue HROQL). Asa resnlt,
observed change does not reflect troe change, and
follow-up scores cannot be comparad with previous
(baseline ) scores.

In conceptual perspective, response shift can be
understond as bias in the explanation of change in
attribute A: it explains (true) change in A that cannot
be fully explained by the acknowledged explanatory
variables E. Hence, response shift is explanation bias
that varies with time of measurement.

Response shift can be formally defined as explanation
bias, with A representing (true) attribute values on
repeated test administrations, E representing values
for acknowledped explanatory variables (causes or
predictors) of A, and V being the time of
measurement itself or other variables with effects on
A that vaty with time of measurement.

In HRQL research, A are HRQL values at different
measurement oocasions, £ are causes or predictors of
changes in HRQL (e.g., health-state change, medical
diagnosis, medical treatment), and Vis (a coding for)
the time of the measurement occasion, of individual
chamcteristics (other than E) that interact with the
time of measurement, of occur of change betwesn
occasions of measurement (2.2, adaptation, coping,
social comparison). With response shift, variables
other than the acknowledged explanatory variables
also affect changes in HRQL.

A are HROQL variables or other patient-repocted
“outoomes” at different measurement occasions. E
are “catalysts,” e.g., health-state change, diagnosis,
medical tieatment, and possibly “antecedents.” ie.,
any individoal and environmental chasacteristics that
are commonly acknowledged as explanatory of A, V
are “mechanisms,” e.g., adaptation, coping, social
comparison. The “mechanisms™ affect tue HRQL
through recalibration, repeiontization, o
reconcepiualization of true HRQL. As a result,
observed change still reflects ttue chanpge, but effects
of “catalysts™ on HRQL are possibly confoundad by
co-occurring effects of “mechanisms.”™

Thus, OORT et al. proposed in 2009 an extended revision of the OP which allows

detecting and accounting for response shift from the two aforementioned perspectives. The

measurement part of the SEM is used to detect response shift from a measurement perspective,

and the structural part of the SEM, including different variables (i.e. variables representing

standard influences on HRQL, but also psychological mechanisms...) susceptible to explain

changes in HRQL itself, is used to detect response shift from a conceptual perspective [145,159]

(Figure 13).
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Figure 13. Measurement bias and explanation bias in HRQL according to OORT et al. In a longitudinal
design with repeated measurements of HRQL, this measurement bias (1) can be considered as response
shift in the measurement of change; and this explanation bias (2) can be considered as response shift in the
explanation of change (Source: OORT et al. Journal of Clinical Epidemiology, 2009 [145])
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The main drawback of OP is the fact this procedure implies analyses at group-level [37].
Therefore, when performing detection of response shift using OP, it is assumed a substantial
part of the sample has experienced response shift of a similar form(s), direction and magnitude.

In some study settings, this is probably a strong assumption [146].

5.2.c. Using longitudinal regression modeling and latent trajectory analysis
This method has been proposed to overcome the fact OP is group-level analysis.
Therefore; this method is suited when the purpose of the analyses is to identify subgroups of
subjects exhibiting different patterns of response shift over time or a subgroup having not

experienced response shift over time [45,146,160].

Subgroups of patients exhibiting similar fluctuations of centered residuals over time
(from a longitudinal regression model predicting changes of HRQL over time using various
predictors representing health status, background characteristics and levels of symptoms) are
supposed to be individuals exhibiting a similar pattern of response shift over time. Thus,

subgroups of individuals exhibiting different patterns of negative and/or positive response shift
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can be identified along with the group of individuals supposed to have not experienced response
shift (the group with centered residuals close to zero over time) [146]. The timing of the
occurrence of response shift can also be hypothesized if appropriately spaced time points are
modeled. Nonetheless, this method cannot identify the forms of response shift and does not

strictly provide a measure of true change.

5.2.d. Relative Importance analysis using discriminant analysis and/or logistic
regression

This method has been proposed to detect specifically reprioritization response shift and
therefore is suited when a researcher wants to test if reprioritization response shift has occurred
when HRQL is measured with a large number of domain scores [147,161]. It relies on the use
of discriminant analysis and/or logistic regression to predict group membership (e.g. active
versus inactive disease over a specific period of time) by the difference over time of various
HRQL domains scores. The occurrence of reprioritization over time is inferred in one group of
individuals by comparison to another group [147]. Thus, the method is useful when one

hypothesizes a different evolution between two groups of individuals.

5.2.e. Using machine learning technique such as recursive partitioning tree analysis
This method has been proposed for inferring complex and non-linear patterns of
response shift between two-times point in a dataset. It relies on a data-mining technique (i.e.
Classification and Regression Trees (CART)) [45,148]. A graphical model, in the form of a
decision tree, explaining the difference in HRQL score is constructed by recursively splitting
the data set into two groups on the basis of various predictors in such a way the heterogeneity
of the obtained subsamples is minimized regarding HRQL score. A model is fitted on various
groups of the study based on disease trajectory. The occurrence of each form of response shift
can be hypothesized by searching for differences in the way the various predictors explain the

differences in HRQL score in each group.

A variant of this method has also been proposed specifically for detecting patterns of
reprioritization response shift over multiple-time points by adding the use of random forest
method to CART [149,162]. This addition allows estimating the importance of each HRQL

domains in explaining overall HRQL score over time. Complex patterns of evolution of
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reprioritization response shift can therefore be inferred by observing changes in importance of

the HRQL domains over time.

5.2.f. Using Item Response Theory models (IRT)

The use of IRT models to detect response shift has sometimes been evoked, as they
possess some interesting measurement properties [135]. Thus, the use of the Linear Logistic
model with Relaxed Assumptions (LLRA) model has been tested once, for detecting
recalibration response shift [150]. However, this method imposes specifying the model on
retrospective assessment data and assumes an absence of true change. Nonetheless, recently, a
method specifically designed to detect different forms of response shift and estimating true
change using IRT model was proposed: the RespOnse Shift ALgorithm in Item response theory
(ROSALI) [163].

ROSALI relies on an operationalization of non-uniform and uniform recalibration, and
reprioritization as change(s) in the value of polytomous IRT models between two times of

measurement [163].

The use of IRT could be an interesting alternative for response shift detection compared
to OP, as it could beneficiate of some properties of IRT models, in particular the possibility to
estimate a latent trait with interval scale property [110]. In addition, as IRT directly models
responses to items as a function of a latent trait, it could be a method of choice for response
shift detection at “item-level” (i.e. with categorical responses to items as variables used to

estimate a unidimensional concept).

However, ROSALLI is currently based on unidimensional IRT models and does not yet
include the possibility of reconceptualization detection which would require multidimensional
IRT modeling [163].

6. A brief overview of some results from studies investigating the
occurrence of response shift effect

Since the introduction of the first theoretical model of response shift effect on perceived
HRQL in 1999, a growing body of studies has investigated the occurrence of response shift, in
a variety of clinical settings, using various methods (although, most of the times the then-test

approach was used [115]). Thus, evidences of response shift effect (recalibration and/or
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reprioritization and/or reconceptualization) has been suggested in a wide range of diseases:
including acute events like occurrence of cancer [123,164—166], stroke [43,167,168], coronary
artery disease [48], hearing loss [169,170], different types of surgeries [137,161,171-173], or
chronic diseases like multiple sclerosis [44,160], chronic back pain [46], diabetes [174], or end-
renal stage disease [142]. The occurrence of response shift has been investigated, not only as a
consequence of the beginning of a salient disease, but also when patients are recovering from a
health-related event susceptible to lead to chronic disabilities (e.g. being handicapped after a
stroke [144]), or after the beginning of a major treatment course (e.g. initiation of radiotherapy
to treat cancer [123]). Evidences of response shift effect have also been suggested after the
initiation of a self-management course to help overcome difficulties related to a particular
disease [41,139]. Lastly, the occurrence of response shift effect has been documented in various

populations, from children to elderly people [49,170].

One of the many questions that were investigated in studies about response shift was the
magnitude of such an effect on changes in scores. In terms of magnitude, response shift effect
on changes in observed scores is usually reported as a small effect. Nonetheless, the issue of
the magnitude of the response shift effect on HRQL observed scores is related to the issue of
the clinical importance of taking into account response shift effect when assessing changes in
“true” HRQL. Indeed, the possibility of missing a clinically important change in HRQL if
response shift is not appropriately taken into account has been pointed out [135]. In line with
this point of view, studies have shown that changes in HRQL can be underestimated when

response shift was not taken into account [39,137,167,175].

As stated before, some statistical methods (e.g. OP) that can be used to detect response
shift make the assumption that a substantial part of the sample has demonstrated response shift
in the same direction and magnitude [37]. However, the results of some studies have challenged
this assumption. Indeed, estimates of the prevalence of response shift vary greatly across
studies. Within individuals at 6 months post stroke, using a variety of methods to detect
response shift, it has been estimated that 28% to 78% of the individuals has demonstrated
response shift [157,167,168]. In contrast, in two studies (on patients post-stroke and on patients
with multiple sclerosis respectively), it was suggested that most of the individuals did not
exhibit response shift [146,160].

Response shift, as a psychological phenomenon, is theoretically often viewed as the
result of a process of adaptation: i.e. as a phenomenon triggered by psychological mechanisms
helping people to adapt to negative circumstances and helping them to feel themselves as good
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as possible despite experiencing a deteriorating health [30,135]. Nonetheless, it has been
hypothesized that response shift could be, in some circumstances, a maladaptive process [30].
Thus, it can be noted some studies have pointed out that within a sample of individuals
experiencing the same health-related event, response shift can be detected as having an effect

on HRQL scores in opposite directions across subgroups [139,146].

The occurrence of response shift effect is often investigated in explaining changes in
observed HRQL pre and post occurrence of an acute event, or in explaining changes related to
dealing with a chronic disease. Nonetheless, the possibility response shift can be a phenomenon
occurring only with the mere passage of time has been postulated [52]. Currently, results have
been reported supporting the idea response shift can occur without strong evidences of the
occurrence of an acute health-related event [49]. But, in a recent study investigating changes in
HRQL within individuals living with chronic diseases, but with reported stable health, little

evidences for response shift effect was found over a year of follow-up [50].

Lastly, it has been proposed response shift can be anticipated as a positive effect of
interventions such as self-management and psycho-social programs, rehabilitation, and
palliative care. Facilitating adaptation can enable the occurrence of response shift as a desired
outcome of such interventions. These interventions can be proposed to people suffering from a
chronic disease, where symptoms and functions may not be dramatically improved, but better
HRQL is desired. Some studies have shown evidences interventions designed to facilitate
adaptation (through the measure of response shift occurrence) can help to improve HRQL over
time [41,139,176,177].

7. Conclusion

The development of the response shift theory has been helpful in highlighting that when
individuals are asked to rate their level of HRQL, their appraisal of the construct being
measured can change over time, leading into changes in perceived HRQL. So, interpreting
observed changes in HRQL scores over time, especially when a salient health-related event has
occurred can be more complex that initially thought. Thus, response shift theory has provided
a pragmatic theoretical framework, which was translated into different methods designed to
help assessing changes over time of a targeted construct. It was used in various empirical

settings.
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Nonetheless, the research field about response shift in health-related research is still a

young field and there is a lot of room for improvement.

On a theoretical level, if the first theoretical model has been empirically tested once
[178], the updated theoretical model proposed by RAPKIN and SCHWARTZ has never been tested
on data with statistical methods designed to test linear structural relationships [179]. Such
studies should be conducted. In addition, there is still the need of pursuing the debate on the
meaning of response shift effect, to clarify what is the hermeneutic of response shift in various
study settings. A needed related discussion can also be the debate on interpreting the response
shift effect as a phenomenon linked to subjects’ characteristics as opposed as a phenomenon
linked to the characteristics of a PRO instrument [52]. Indeed, if response shift is currently often
interpreted as an effect highlighting how individuals adapt to life changes, some authors have
also pointed out that the characteristics of a questionnaire can participate in enhancing response
shift. For example, it has been postulated response shift can be more susceptible to occur when
a concept is measured by means of evaluation-based items (i.e. rating experiences compared to
an internal standard, e.g. how difficult is it to walk up a flight of stairs?), as opposed to
performance-based items (e.g. time to walk up a flight of stairs) or perception-based items (e.g.
how often do you walk upstairs?) [29,52,53]. It has also been postulated response shift could
occur because HRQL scales assumed that people are weak evaluators (i.e. people would rate
their level of HRQL in regards to contingent circumstances, like current physical condition),
although people could probably be strong evaluators instead (i.e. people would rate their level
of HRQL in regards to how a condition have an impact on higher-level individuals’ motivations
or purposes) [53]. In addition, it has been hypothesized recently the occurrence of response shift
could be linked with the semantic complexity of concepts and items [133].

On a methodological level, if various methods have been developed to detect and take
into account for response shift, there are still issues. Currently, each method has drawbacks.
The then-test approach has been the most used, but it is currently less recommended [153]. OP
allows detecting all forms of response shift along with an estimate of true change, but it
currently implies group-analysis, which can be a strong assumption [37,145]. Latent trajectory
analysis allows identifying subgroups of subjects with different response shift patterns over
time, but it cannot assess the form of response shift and does not provide directly an estimate
of true change [146]. Relative importance analysis can be useful when focusing on differences
between two-groups, but it can only detect reprioritization in one group compared to another

[147]. CART and random forest method can be useful for inferring complex patterns of
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response shift over time, but they don’t provide a quantitative assessment of response shift
[148,149]. ROSALI shares the advantages of OP along with some interesting measurement
properties because of the use of IRT models, but it cannot be currently used with
multidimensional constructs [151]. In addition, there is the need to clarify what is response shift
at “item-level” as opposed to response shift at “domain-level” [50,133]. To provide a method,
or a combination of methods, which could allow detecting subgroups of subjects with different
patterns of response shift, detecting each form of response shift in each group, on multiple-
times point, both for item and/or domain-level, along with a direct estimate of true change will

be a challenge.

Lastly, when investigating the occurrence of response shift as a phenomenon of interest
in empirical settings, there are still a lot of questions that need future developments or
clarifications. For example, little is currently known about the subjects’ characteristics that are
susceptible to explain why some individuals will experience response shift after the occurrence
of a catalyst, while others will not [135]. There are still questions about the timing response
shift, or about the interrelationships between each of the components (from the catalyst to

perceived HRQL) when explaining occurrence, direction, and magnitude of response shift.

Future researches conducted altogether in the three aforementioned areas (i.e.
theoretical level, methodological level and empirical level) will be needed to assess if response
shift theory will be one of the most heuristic framework in explaining observed changes in
HRQL, useful either in studies dealing with the assessment of interventions, or in large

epidemiological settings.
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Part 4: A pilot simulation study on Oort’s procedure
performances

“81%...82%...83%...” — Freeza, a fictional evil anthropoid alien life form
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1.1. Why a simulation study?

/ This fourth part will be mainly focused on an original work on OP performances at it%
level via a pilot simulation study. Indeed, if OP has been used on several clinical datasets, little
is known regarding its statistical performances, especially its capacity to detect actual response
shift. Moreover, certain methodological choices of the OP algorithm can be discussed and
investigated. But before the main core of the simulation study manuscript, a first chapter will
be dedicated to introduce the reader to the rationale behind simulation (or “Monte-Carlo”)
studies in statistics. Then, comprehensive formal details about how the data of the study were

simulated will be presented. Also, how the OP algorithm was automatized in order to be

erformed on a large number of datasets will also be exposed.

1. A simulation study?

1.1. Why a simulation study?

Simulation studies are empirical designs where a large quantity of data are artificially
generated in order to investigate the behavior or performances of a complex statistical
technique. They are sometimes referred to as “Monte-Carlo studies” [180]. They can be used
to provide guidance for applied researchers about the best conditions where a statistical
technique is supposed to perform the most adequately. Thus, they can provide help in the
planning of empirical studies using real data. They can also be useful when comparing the

performances of several statistical strategies.

Simulation studies must be used when the performances of a statistical technique cannot
be assessed analytically because of complexity (e.g. a simulation study would be useless to
study the sampling variability of a sample mean because theories like the Central Limit
Theorem provides the necessary solution analytically) [180]. The fundamental principle of a
simulation study is the fact the researcher identifies a priori the values of population
parameters, probability distributions and models that will be used to generate a large number
of random samples [180]. A combination of different characteristics of the sample can be
investigated (e.g. variability in sample size, population parameters...). Therefore, a large
number of random samples have to be generated for each combinations of characteristics
assessed. Then, the investigated statistical technique is performed on each generated dataset
and the performances of the technique can be estimated by averaging the results for each of the

conditions assessed. Thus, simulation studies can help to investigate the effect of the
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aforementioned characteristics of the sample on indicators such as bias, power, Type-I-Error,

amount of correct detection...

The main advantage of simulation studies comparing to investigate the performance of
a statistical technique on an empirical real dataset is the fact population parameters are fully
determined a priori by the researcher and therefore known [180]. Thus, the laws which have
generated the data are fully known. Contrariwise, when using data from an empirical real
sample, only sample estimates of the population parameters can be obtained, but “the truth”
behind the data remains unknown. Therefore, when performing a simulation study, the
performances of a statistical technique can be compared to fully known population parameters,

probability distributions, and models.

Nonetheless, the main limit of simulation studies is the fact real-world-data are usually
extremely complex (i.e. including hierarchical nested structures, existence of heterogeneous
subgroups, missing data with a non-ignorable mechanism...) and simulation studies can quickly
be computationally intensive to perform. Therefore, there usually exists a difficult balance to
achieve between simulating data with an appropriate simulation model and with sufficient
combinations of characteristics of the sample in order to investigate situations which can be
representative of empirical conditions, and feasibility of the simulation study. To summarize, a
balance must be found between the generalizability of the findings of a simulation study (i.e.
quality and quantity of the conditions assessed), the precision of the findings (i.e. number of

samples generated for each conditions assessed) and practicality [180].

1.2. How the data of this study were simulated?

1.2.a. Generalities, parameters, distributions and model used
As it will be further mentioned in the core manuscript of this simulation study (see Part
4, chapter 4.1), the structure of the data simulated corresponded to responses to five binary

items, at two times of measurement (to and t1).

Four types of sample characteristics could vary according to different fixed levels:
1. n(sample size) could be fixed at 100, 200 or 300;
2. o (changes in latent trait mean level between the two times or “true change”)
could be fixed at 0 (no “true change”) or -0.2 (a decrease in latent trait mean

level between to and t1);
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r (correlation between latent traits between the two times) could be fixed at 0.4
(moderate correlation) or 0.9 (very strong correlation);
4. ur (occurrence of uniform recalibration) could be fixed at 0 item, 1 item (on the

third item), or 2 items (on the second and fourth items).

Thus, 36 combinations of the levels of the sample characteristics could be investigated.

A thousand datasets have been simulated for each combination.

In terms of models and population parameters, the responses to binary items were
simulated using a longitudinal Rasch model. It models the probability for an arbitrary subject i
(i =1 to n) to give a positive answer to item j (j = 1 to p) (which is coded as 1) at time t (t=0

orl)as:

® ®
exp(8;” —6;")
P(X(t) 1|6(t) 6(t)) l G J N
1+ exp(6;” — 6j )

where Hi(t)~N(u§t), ag) is the level of the subject i on the latent trait at time t and 6]@ is the

difficulty parameter of the item j at time t.

At to: Hl.(t°)~N(0, 1), and at t1: Bi(t1)~N(,u9 2 1) with y( ) = 0 when no true change
was simulated (o = 0) and u(tl) —0.2 where a true change was simulated (o = -0.2), with

cor (H(t") Q(tl)) =r=040r0.9.

At to, the vector of difficulty parameters for the five items j = 1 to 5 was 6“1 o5 =

(-2,-1,0,1,2). At ty it was S(tll)w s = (—2,—1,0,1,2) when no uniform recalibration response

shift was simulated (ur = 0), 6(“)

Vo5 = (—2,—1,—1,1,2) when uniform recalibration response

shift was simulated on one item (ur = 1) and 6“ = (—2,—-2,0,0,2) when uniform

=1to5 ~
recalibration response shift was simulated on two items (ur = 2). Thus, a one unit decrease in

item difficulty was chosen to simulate uniform recalibration.

1.2.b. Simulation procedure
For an arbitrary individual i, the first step was to generate latent trait levels at to and t1

(Hl.(t") and el.(tl)). First, a value for two variables Y1 and Y2 were randomly drawn from a standard

normal distribution (N (0, 1)).
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Then 6% and 6" levels were determined as: 60 = x; x 1+ 0 and 8" = (rx; +

JA=1rPx) x1+ uffl), with appropriate r and yffl) values depending on the characteristics

of the sample generated.

The second step was to compute for each item j = 1 to 5 at to and t1 the probability of

giving a positive answer to the item by solving the longitudinal Rasch model with appropriate

Hi(t") and Bi(tl) levels, and (Sj(i"l)w - and (Sj(fl)w < levels depending on the characteristics of the

sample generated.

The third step was to get responses to each item j = 1 to 5 at to and t; using the
aforementioned probabilities generated. For each item j at each time of measurement, a value

for an Yz variable was drawn from a uniform distribution (unif(0,1)) and if y; <

P(Xl.(jt) =1

Hl.(t), 6}”), then the response to the item was 1, either it was 0.

This procedure was then repeated for each subject 1 to n of a sample and for each of the

36 000 samples generated.

2. How the OP was automatized?

OP is an algorithm composed of four major steps [37]. In short, the first step is dedicated
to get a measurement model with adequate structural validity assessed, the second step is
dedicated to perform an omnibus test for overall response shift detection, the third step is an
iterative procedure dedicated to detect each type(s) of potential response shift on each item(s),
and the fourth step is dedicated to fit a final model in order to estimate true change after taking

into account response shift detection. OP will be further developed in the core of the manuscript

of this study (see Part 4, chapter 3) and comprehensive details about the procedure can be found

in the seminal paper [37].

Nonetheless, in this simulation study, OP was used to be performed on 36 000 datasets.
So, it was necessary to automatize the procedure using a programming language (R was used
[181]). Thus, it seems relevant to display a graphical representation of the automated algorithm
that was programmed (Figure 14). It has to be noted the version that was programmed was
slightly different of the original OP (a hierarchy in testing the different types of response shift

was introduced, for more details see Part 4 chapter 4.2 and Part 6 chapter 1.1).
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Figure 14. A graphical representation of how OP was automatized in this simulation study
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Abstract

Objective. This simulation study was designed to provide data on the performance of
Oort’s procedure (OP) for response shift detection (regarding Type-I-Error, power and overall
performance), according to sample characteristics, at item-level. A specific objective was to
assess the impact of using different information criteria (IC), as alternatives to LRT
(Likelihood-Ratio Test), for global assessment of response shift occurrence.

Methods. Responses to 5 binary items at two times of measurement were simulated.
Thirty-six combinations of sample characteristics (sample size (n), “true change”, correlation
between the two latent variables and presence/absence of uniform recalibration response shift
(ur)) were considered. A thousand datasets were generated for each combination. Response
shift detection was performed on each dataset following OP. Type-I-Error and power of the
global assessment of response shift occurrence, as well as overall performance of the OP was

assessed.

Results. The estimated Type-I-Error was close to 5% for the LRT and lower than 5%
for the IC. The estimated power was higher for the LRT as compared to the AIC, which was
the highest among the other IC. For the LRT, the estimated power for n = 100 and for the
combination of n = 200 and ur = 1 item was below 80%. Otherwise, for other combinations of

sample characteristics, the estimated power was above 90%.

Conclusion. For the LRT, higher values of power were estimated compared to IC with
appropriate values of Type-I-Error. These results were consistent with Oort’s proposal to use

the LRT as the criterion to assess global response shift occurrence.
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3. Introduction

When assessing changes observed over time on a score resulting from a Patient-
Reported Outcomes (PRO) instrument, the need to detect potential response shift effects (i.e. a
change in the meaning of one’s self-evaluation of a target construct over time [30]) that may
obfuscate “true change” assessment is well established [15,115]. To do so, various methods
have been developed since the late 1990s [135,152]. One of the most attractive methods to
detect response shift is Oort’s procedure (OP) [37]. OP is based on Structural Equation
Modeling (SEM), a statistical modeling technique for testing and estimating different types of
causal relations using a combination of quantitative data (i.e. covariance £ mean structures) and
qualitative hypotheses [38]. One of the strengths of SEM is the ability to construct latent
variables (i.e. variables that are not observed directly, but inferred from several measured
variables) [38].

OP allows detection of all forms of response shift (non-uniform and uniform
recalibration, reprioritization, reconceptualization) without the need of a specific design [37].
Nonetheless, it implies analyses at group level [37].

OP relies on an operationalization of the different forms of response shift as change(s)
in the value of SEM parameters between two times of measurement. These change(s) are the
value of error variances for non-uniform recalibration, intercepts for uniform recalibration, and
factor loadings for reprioritization [37]. Reonceptualization corresponds to a change in the

pattern of factor loadings [37].

OP is an algorithm including four major steps [37]. Each of these steps is associated
with a particular longitudinal Confirmatory Factor Analysis (CFA) model. The first step
consists in establishing an appropriate measurement model (Model 1) of observed scores at two
times of measurement. The second step is a global assessment of response shift occurrence. To
do so, a model verifying the hypothesis of no response shift (Model 2) is constructed, and its
fit is compared with Model 1 by testing if the difference between the y? values of the two models
is statistically significant () difference test, also known as Likelihood-Ratio Test (LRT)). If the
abovementioned LRT is significant, the fit of Model 2 is worse than Model 1, which is
interpreted as a global presence of response shift, and the procedure continues. The third step
is performed using an iterative process (by relaxing one constraint at a time) starting from

Model 2. It is dedicated to detect all forms of response shift on all potentially affected items
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(Models 3). A final model is estimated, in which differences in factor means is indicative of

“true change” after accounting for response shift (Model 4).

Since its publication, OP has been successfully used to detect response shift on several
clinical datasets, usually at domain-level (i.e. with continuous scores as observed variables)
[39,40,43,44,46-48]. However, the performance of the algorithm, regarding the Type-I-Error
and statistical power of the global assessment of response shift occurrence, or the overall
behavior of the procedure (its ability to detect only truly existing response shift), remain quite
unknown. If the performance of SEM to detect measurement bias has already been investigated
in previous studies [182—184], the procedures assessed in these studies, although sharing some
similarities with OP, are not strictly equivalent. In addition, nothing is known about the
performance of OP in the context of detecting response shift at item-level (i.e. with categorical
responses as observed variables). Lastly, some methodological choices, like the use of the LRT
as a global assessment of response shift occurrence, can be questioned. Indeed, global
assessment of response shift occurrence could be achieved using information criteria (IC)
instead. IC are designed to help model selection, by summarizing in one numeric value a
balance between the information explained by a model and its complexity (parsimony
principle). The lowest the value of an IC is, the more parsimonious the model is [185-187].
Therefore, a global presence of response shift would be reflected by an increase in the value of
an IC in Model 2 compared to Model 1. Assessing the probabilistic performance of a statistical
procedure can be approached by estimating the results that it produces on a large number of
simulated datasets, as the values of the parameters (i.e. the values of the sample characteristics)
used to generate these datasets are fully determined, and therefore known.

Thus, the main objective of this study was to provide for the first time data on the
performance of OP (regarding Type-I-Error, power and overall behavior), at item-level with
binary items, via a simulation study. A specific objective was to assess the impact of using

different IC, as alternatives to LRT, for global assessment of response shift occurrence.

4. Materials and methods

4.1 Simulated datasets

Responses to 5 binary items, at two times of measurement (to and t1), were simulated.
As we chose to investigate the OP at item-level, it appeared to be suited to simulate these

responses via a model related to Item Response Theory. So, these responses were generated, as
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a function of a latent trait and items difficulties (for each times of measurement), using a
longitudinal Rasch model (which has good measurement properties and is commonly used
when modeling responses to dichotomous items using the IRT framework) [188]. Thus, the
general form of the longitudinal CFA measurement model which was defined to fit Model 1 is

of 5 binary items loading on one latent variable at two times of measurement (Eigure 15)

. Figure 15 Graphical representation of the general form of the measurement model (Model 1) fitted on
the data
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As this study was a pilot simulation study and as we chose to simulate data with a Rasch
model, when response shift on an item was simulated, it was uniform recalibration only,

operationalized as a one unit decrease in item difficulty between to and t:.

Four types of sample characteristics could vary according to different fixed levels:
5. n (sample size) could be fixed at 100, 200 or 300;
6. « (changes in latent trait mean level between the two times or “true change”)
could be fixed at 0 (no “true change”) or -0.2 (a decrease in latent trait mean

level between to and t1);
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7. r (correlation between latent traits between the two times) could be fixed at 0.4
(moderate correlation) or 0.9 (very strong correlation);
8. ur (occurrence of uniform recalibration) could be fixed at 0 item, 1 item (on the

third item), or 2 items (on the second and fourth items).

The sample size values were chosen in accordance with sizes usually reported in studies
investigating response shift [115]. A small negative effect of the catalyst on latent trait mean
level (-0.2) was chosen to reflect plausible effect sizes frequently observed in clinical research.
As we hypothesized that the correlation between latent traits between the two times would have
anegligible impact on response shift detection, we chose a moderate (0.4) and an extreme value
(0.9) to test this hypothesis. A one unit decrease in item difficulty was chosen to simulate
uniform recalibration, because we had previously showed in another simulation study (aiming
at studying the power of the test of group effect in a Rasch model) that the degree of uncertainty
of the item difficulty parameters had to be high (a one unit difference), to observe a moderate

impact on power [189].

Thirty-six combinations of the levels of the sample characteristics were investigated. A

thousand datasets have been simulated for each combination.

4.2 Response shift detection

Response shift detection was performed on each datasets following the 4 steps of OP
[37]. SEM models were fitted using robust maximum-likelihood estimator with a Satorra-
Bentler correction (MLM) [100], with lavaan package 0.5-13 [190] for R software 3.0.1 [181].

A Root Mean Square Error of Approximation (RMSEA) close to 0.05 (p of close fit >
0.05) and Comparative Fit Index (CFI) > 0.95 were used as indicators of good fit for Model 1
and 4 [191]. Both of these fit indices were computed using Satorra-Bentler corrected y2 values.

Global assessment of response shift occurrence (step 2) was performed with 2 different
strategies:
1. a Satorra-Bentler scaled y? difference test (which will be thereafter referred as
LRT for simplicity) between Model 2 and Model 1 considered significant if the
estimated p-value was below 0.05 [37];
2. anincrease in the value of an IC in Model 2 compared to Model 1 (three common

IC were investigated in this study: Akaike Information Criterion (AIC),
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Bayesian Information Criterion (BIC) and Sample size Adjusted BIC (SABIC))
[90].

If there was global evidence of response shift, untenable constraints on response shift
parameters were relaxed one at a time, starting from Model 2 (step 3). Relaxing constraints on
error variances (non-uniform recalibration) was performed first, followed by intercepts
(uniform recalibration) and factor loadings (reprioritization), thus following a hierarchy in
testing the different forms of response shift proposed in two previous studies [41,154]. At each
time in step 3, the constraint that was proposed to be relaxed was the one leading to a model
with the lowest corrected 2 value. Each time, the relevance of relaxing a constraint was tested
using a LRT, which was considered significant if the estimated p-value was below 0.05 [192].

Step 3 was performed until relaxing a proposed constraint led to a non-significant LRT.

4.3 Statistical analyses

The Type-I-Error regarding the global assessment of response shift occurrence was
estimated as the proportions of datasets where global response shift was evidenced among

datasets where no response shift was simulated.

Power of the global assessment of response shift occurrence was estimated as the
proportions of datasets where global response shift was evidenced among datasets where

response shift was simulated.
Overall behavior of the procedure was estimated by means of two indicators:

1. Overall Behavior Indicator 1 (OBI1): the assessment of the proportion of
datasets for which the whole OP had properly detected uniform recalibration
response shift on only truly affected item(s) (after a significant LRT ascertaining
global response shift occurrence), disregarding any false detections of response
shift on these or one of the other items, and considering only datasets where
response shift was simulated;

2. Overall Behavior Indicator 2 (OBI2): this indicator was nearly identical as
OBI1, but with an additional requirement of no false detections of response shift

on any item(s).

Confidence Intervals at a 95% level (Clgsy) were estimated for all the aforementioned

proportions.
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5. Results

5.1 Number of analyzed datasets

Figure 16 . Flow chart of datasets discarded from final statistical analyses
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As illustrated by Figure 16, analyses were restricted to 25,134 (69.8%) of the 36,000
datasets initially generated. Three main reasons could cause a dataset to be discarded from
analyses: (1) the non-convergence of the estimation algorithm when fitting any model of the
whole OP; (2) Model 1 or 4 estimated with poor fitting criterion; (3) Model 1 or 4 estimated
with any odd parameter(s) (negative error variance) (Figure 16). Most of the 10,866 datasets
discarded from analyses were excluded because Model 1 fit (87.0% of these 10,866 datasets),

or Model 4 fit (8.9%), wasn’t satisfactory.
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5.2. Type-I-Error of the global assessment of response shift occurrence (Model
2 vs Model 1)

Table 4 shows estimated Type-I-Error using different strategies for global assessment

of response shift occurrence.
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5.2. Type-I-Error of the global assessment of response shift occurrence (Model 2 vs Model 1)

Table 4. Estimated Type-I-Error for different strategies for global assessment for RS occurrence (Model 2 vs Model 1)

n a r ur LRT (p <0.05) AIC2 > AIC1 SABIC2 > SABIC1 BIC2 > BIC1
% Closw % Clos% % Clos% % Cl 95%

100 0 0.4 0 45 [3.1-6.7] 0.8 [0.3-1.9] 5.1 [35-7.3] 0.0 [0.0-0.7]
0.9 0 37 [2.4 - 5.5] 0.2 [0.0-0.9] 4.0 [2.7 - 5.9] 0.0 [0.0 - 0.6]

0.2 0.4 0 5.9 [4.1-8.2] 0.4 [0.1-1.4] 7.0 [5.1-9.6] 0.0 [0.0-0.7]

0.9 0 5.9 [4.2-8.1] 0.7 [0.3-1.8] 6.6 [4.8 - 8.9] 0.0 [0.0-0.7]

200 0 0.4 0 4.0 [2.8 - 5.8] 0.4 [0.2-1.3] 0.1 [0.0 - 0.8] 0.0 [0.0 - 0.6]
0.9 0 3.6 [2.5-5.2] 08 [0.4-1.7] 0.4 [0.1-1.1] 0.0 [0.0 - 0.5]

0.2 0.4 0 4.0 [2.8-5.7] 03 [0.1-1.0] 03 [0.1-1.0] 0.0 [0.0 - 0.5]

0.9 0 5.4 [4.1-7.3] 1.4 [0.8 - 2.5] 1.2 [0.6 - 2.2] 0.0 [0.0 - 0.5]

300 0 0.4 0 3.0 [2.0 - 4.4] 0.0 [0.0-0.5] 0.0 [0.0-0.5] 0.0 [0.0 - 0.5]
0.9 0 45 [3.3-6.1] 05 [0.2-1.2] 0.0 [0.0 - 0.4] 0.0 [0.0 - 0.4]

0.2 0.4 0 5.8 [4.4-7.7] 0.9 [0.4-1.8] 0.0 [0.0 - 0.5] 0.0 [0.0 - 0.5]

0.9 0 4.4 [3.3-6.0] 0.5 [0.2-1.2] 0.0 [0.0 - 0.4] 0.0 [0.0 - 0.4]
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5. Results

Overall, regardless of the value of n, «, or r, estimated Type-I-Error for the LRT was
close to 5% (5% was included in every Clgsy, except for one combination (n =300, a =0, r =
0.4)). At n = 100, Type-I-Error estimated for SABIC was close to that estimated for LRT.
Otherwise, for all the ICs (AIC, BIC and SABIC) and combinations of sample characteristics,
Type-1-Error estimated for IC ranged from 0.0 to 1.4%.

5.3 Power of the global assessment of response shift occurrence (Model 2 vs

Model 1)

Table 5 shows estimated power using different strategies for global assessment of

response shift occurrence.
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5.3 Power of the global assessment of response shift occurrence (Model 2 vs Model 1)

Table 5. Estimated power for different strategies for global assessment for RS occurrence (Model 2 vs Model 1)

n a r ur LRT (p <0.05) AIC2 > AIC1 SABIC2 > SABIC1 BIC2 > BIC1
% Cl g5% % Cl g5% % Cl g5% % Cl g5%
100 0 0.4 1 36.4 [32.3 - 40.7] 12.7 [10.1 - 15.9] 39.1 [35.0 - 43.4] 0.0 [0.0-0.7]
2 577 [53.1 - 62.2] 28.8 [24.8 - 33.1] 60.4 [55.8 - 64.8] 0.2 [0.0-1.2]
09 1 37.8 [34.0 - 41.8] 121 [9.7 - 15.0] 39.3 [35.5 - 43.3] 0.0 [0.0-0.6]
2 61.2 [57.1 - 65.1] 33.6 [29.8 - 37.6] 64.4 [60.4 - 68.3] 0.2 [0.0-1.0]
02 04 1 36.6 [32.7 - 40.8] 15.6 [12.8 - 18.8] 38.8 [34.8 - 43.0] 0.0 [0.0-0.7]
2 60.0 [55.6 - 64.2] 28.0 [24.2 - 32.1] 63.6 [59.3 - 67.7] 0.0 [0.0-0.8]
09 1 41.0 [37.1 - 45.1] 15.0 [12.3 - 18.1] 43.0 [39.0 - 47.0] 0.0 [0.0-0.7]
2 61.1 [57.1 - 65.1] 30.2 [26.6 - 34.1] 63.6 [59.6 - 67.5] 0.2 [0.0-1.0]
200 0 04 1 72.8 [69.4 - 76.0] 45.0 [41.3 - 48.7] 395 [35.9 - 43.1] 0.1 [0.0-0.8]
2 946 [92.6 - 96.1] 77.8 [74.5 - 80.8] 715 [68.0 - 74.8] 0.3 [0.1-1.1]
09 1 75.1 [71.8 - 78.0] 44.4 [40.9 - 48.0] 38.3 [34.9 - 41.8] 0.1 [0.0-0.8]
2 949 [93.1 - 96.3] 79.9 [76.9 - 82.6] 74.5 [71.2 - 77.5] 05 [0.2-1.4]
02 04 1 75.0 [71.7 - 78.1] 44.3 [40.6 - 48.0] 37.6 [34.1 - 41.3] 0.1 [0.0-0.8]
2 922 [89.9 - 94.0] 74.4 [71.0 - 77.5] 68.5 [64.9 - 71.9] 0.7 [0.3-1.7]
09 1 76.2 [73.1-79.2] 46.4 [42.9 - 50.0] 411 [37.6 - 44.6] 0.0 [0.0-0.5]
2 94.3 [92.5 - 95.8] 80.7 [77.7 - 83.3] 75.6 [72.4 - 78.5] 11 [0.5-2.1]
300 0 04 1 92.3 [90.3 - 94.0] 75.4 [72.3 - 78.2] 50.4 [47.0 - 53.9] 0.1 [0.0-0.7]
2 99.6 [98.9 - 99.9] 95.5 [93.8 - 96.7] 85.8 [83.2 - 88.1] 3.1 [2.1-4.6]
09 1 94.1 [92.3 - 95.5] 78.3 [75.5 - 81.0] 525 [49.2 - 55.8] 0.1 [0.0-0.7]
2 99.6 [98.9 - 99.9] 95.8 [94.2 - 97.0] 86.9 [84.5 - 89.1] 4.6 [3.3-6.2]
02 04 1 92.2 [90.1 - 93.8] 74.7 [71.6 - 77.6] 498 [46.3 - 53.3] 0.0 [0.0-0.5]
2 995 [98.7 - 99.8] 96.8 [95.3 - 97.8] 86.3 [83.7 - 88.5] 3.9 [2.7 - 5.4]
09 1 92.3 [90.3 - 93.9] 733 [70.3 - 76.1] 47.1 [43.8 - 50.4] 0.2 [0.1-0.8]
2 99.8 [99.2 - 99.9] 96.6 [95.1 - 97.6] 88.5 [86.3 - 90.5] 4.2 [3.1-5.8]
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For n = 100, estimated power for SABIC was slightly higher than that estimated for
LRT. Otherwise, regardless of the value of a, r or ur, estimated power was higher for LRT than

that estimated for AIC, which was the highest among the other IC.

Two sample characteristics were associated with a substantial increase in estimated
power, regardless of the assessed criteria (LRT or IC): an increase in sample size (n), and an
increase in the number of items affected by uniform recalibration (ur). For LRT, an increase in

r was associated with a slight increase in estimated power, especially for n = 100.

For all assessed criteria, estimated power for n = 100 and the combination of n = 200
and ur = 1 was below 80%. Otherwise, for other combinations of sample characteristics,
estimated power for LRT was above 90%. Estimated power for BIC was always below 5% and

for most of the sample characteristics combinations close to 0%.

5.4 Qverall performance of the OP

5.4.a. OBI1
Table 6 shows estimated OBI1 (with LRT as the only strategy investigated for global

assessment of response shift occurrence) according to the different combinations of sample

characteristics.
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Table 6. Estimated OBI1 and OBI2 (see Materials and Methods for definition) as a function of sample characteristics

5.4 Overall performance of the OP

n o r ur OBI1 OBI2
% Cl s % Cl os%
100 0 0.4 1 26.2 [22.6 - 30.2] 45 [3.0-6.7]
0.9 1 27.1 [23.6 - 30.8] 6.6 [4.8 - 8.8]
-0.2 0.4 1 27.5 [23.9 - 31.4] 6.6 [4.8 - 9.0]
0.9 1 28.3 [24.8 - 32.2] 6.6 [4.9 - 8.9]
200 0 0.4 1 58.4 [54.7 - 62.0] 11.2 [9.1 - 13.7]
0.9 1 59.7 [56.2 - 63.2] 13.9 [11.6 - 16.5]
-0.2 0.4 1 60.5 [56.8 - 64.1] 16.7 [14.1 - 19.6]
0.9 1 60.9 [57.4 - 64.4] 18.5 [15.9 - 21.5]
300 0 0.4 1 75.5 [72.4 - 78.4] 11.0 [9.0 - 13.3]
0.9 1 745 [71.5 - 77.3] 13.6 [11.5 - 16.1]
0.2 0.4 1 75.2 [72.1-78.1] 16.1 [13.7 - 18.8]
0.9 1 75.5 [72.5 - 78.2] 18.3 [15.9 - 21.0]
100 0 0.4 2 21.9 [18.3 - 25.9] 2.4 [1.4 - 4.3]
0.9 2 27.2 [23.7 - 31.0] 3.7 [2.5-5.6]
0.2 0.4 2 28.2 [24.4 - 32.3] 4.0 [2.6 - 6.1]
0.9 2 28.8 [25.2 - 32.7] 3.4 [2.2-5.2]
200 0 0.4 2 52.6 [48.8 - 56.4] 1.3 [0.7 - 2.5]
0.9 2 57.7 [54.2 - 61.2] 2.1 [1.3 - 3.4]
-0.2 0.4 2 57.4 [53.6 - 61.0] 6.5 [4.9 - 8.6]
0.9 2 64.9 [61.5 - 68.2] 4.9 [3.5 - 6.6]
300 0 0.4 2 62.5 [59.0 - 65.8] 0.6 [0.3-1.5]
0.9 2 69.8 [66.6 - 72.8] 0.8 [0.4 - 1.7]
-0.2 0.4 2 69.2 [65.9 - 72.3] 2.7 [1.8 - 4.1]
0.9 2 725 [69.5 - 75.4] 2.5 [1.7 - 3.8]

Note: OBI1: the proportion of datasets for which the whole OP had properly detected uniform recalibration response shift on only truly affected item(s), disregarding any

false detections of response shift on these or one of the other items, OBI2: this indicator was nearly identical as OBI1, but with an additional requirement of no false

detections of response shift on any item(s)).Global assessment of response shift occurrence (Model 2 versus Model 1) was performed using a Satorra-Bentler scaled y?

difference test.
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6. Discussion

The estimated proportion of datasets for which the whole OP had properly detected
uniform recalibration, either on only the third item (ur = 1), or only on the second and fourth
item (ur = 2), ranged from 21.9 to 75.5%, mostly according to sample size (n). Indeed, that
proportion increased as sample size increased for both ur = 1 and ur = 2. The increase in
estimated OBI1 was moderately lower when ur = 2 and n = 200 or 300 compared to ur = 1 and
n =200 or 300.

5.4.b. OBI2
Table 6 shows estimated OBI2 according to the different combinations of sample

characteristics.

Overall, the estimated proportion of datasets for which the whole OP had properly
detected uniform recalibration on affected item(s), and had appropriately not indicated
occurrence of whatever other form(s) of response shift on any item(s), ranged from 0.6 to
18.3%. That estimated proportion was substantially lower than that estimated via OBI1
indicator. Estimated proportion via OBI2 indicator decreased as the number of simulated items

affected by uniform recalibration (ur) increased.

6. Discussion

Regarding global assessment of response shift occurrence, the main results of this study
were:

— overall, estimated Type-I-Error for the LRT was close to 5% but substantially
lower for IC (except for SABIC at n = 100 for which estimated Type-I-Error was
close to that estimated for LRT);

— estimated power for LRT was below 80% for n = 100 and for the combination
of n =200 and ur = 1, otherwise power was above 90%;

— overall, estimated power for LRT was higher than for IC (except for SABIC at

n =100, for which estimated power was moderately higher).

Regarding the overall performance of the procedure, the main results of this study were:

— the whole OP properly detected uniform recalibration on only affected item(s)

(OBI1) on 21.9 to 75.5% of the datasets, that proportion increased mostly
according to sample size (n);
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— overall, the whole OP properly detected uniform recalibration only on
appropriate item(s), and did not indicate occurrence of whatever other form(s)
of response shift on any item(s) (OBI2), on 0.6% to 18.3% of the datasets.

6.1 Number of analyzed datasets

In this study, 29.2% of the datasets were discarded from analyses because of
unsatisfactory fit, or occurrence of negative error variance(s). Nonetheless, there are solutions
in practical setting, to deal with these issues when analyzing a real dataset (these solutions
weren’t implemented in our simulation framework, due to the huge number of datasets to
analyze). For example, adding correlations paths between some residual factors, if, for instance,
the hypothesis of local independence does not hold, can greatly improve model fit. In addition,

dealing with negative error variance(s) can be done by choosing different starting values.

6.2 Global assessment of response shift occurrence

In this study, estimated Type-I-Error for the LRT was close to 5%. With normally
distributed continuous variables, the test statistic of a LRT between two nested SEM models is
assumed to follow a 2 distribution under the null hypothesis, with a number of degrees of
freedom (df) equal to the difference in freely estimated parameters between the two models
[191]. Here, we have worked with binary items, but we have corrected the test statistic
according to SATORRA-BENTLER proposal [100]. If this correction was adequate, as the LRT
was considered significant if the estimated p-value was below 0.05, it was expected to observe
Type-I-Error for the LRT close to 5% [193]. The results have matched this expectation.

Estimated Type-I-Error using IC was lower compared to LRT. Comparison of an IC
between two SEM models does not constitute statistical hypothesis testing in a formal way
[194]. Therefore, in theory, it wasn’t expected that the estimated Type-I-Error using IC had to
be around any specific value (and especially 5%). Model 2 is formally a simpler model than
Model 1: it is nested in Model 1, and in this study, Model 2 has 13 more df than Model 1. As
stated before, IC are criteria designed to help evaluating model parsimony [185-187]. When no
response shift was simulated, it was consistent that the value of Model 2 IC was lower than for
Model 1, for almost every dataset. Indeed, in that case, Model 2 adequately respected the
parsimony principle. Estimated Type-I-Error was the lowest for BIC. This result was consistent

with the fact that compared to AIC and SABIC, BIC is constructed to penalize complexity the
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most [186,194]. Estimated Type-I-Error for SABIC was the highest among the IC for n =100.
Again, this was consistent with the fact that at n = 100, the added penalty for each
supplementary freely estimated parameter to the log-likelihood of a SEM model is lower for
SABIC than for AIC and BIC [187,194]. However, at n = 200 and n =300, for SABIC, this
aforementioned penalty is between AIC and BIC [187,194].

In this study, estimated power for LRT was below 80% for n = 100, and above 90%
when the sample size was at least equal to 200 (with ur at least equal to 2 when n =200). Except
for SABIC when n = 100, the aforementioned estimated power for LRT was the highest,
compared to IC. This result could reflect a tendency of IC to be too conservative compared to
LRT for a global assessment of response shift occurrence via SEM. As Model 2 is the simplest
in terms of number of freely estimated parameters, it was more often considered as the most
appropriate fitting model when comparing Model 2 and Model 1 using IC as compared to LRT.
This seemed to be particularly the case for BIC, with estimated power close to 0% for most of

the sample characteristics combinations assessed in the study.

Overall, as estimated Type-l-Error for LRT was indeed close to the theoretically
expected 5%, and as estimated power for LRT was the highest, these results are consistent with
Oort’s proposal to use LRT between Model 2 and Model 1 as the criterion to assess global

response shift occurrence [37], rather than IC.

6.3 Overall performance of the OP

In this study, the estimated proportion of datasets for which the whole OP had properly
detected uniform recalibration, either on only the third item (ur = 1), or only on the second and
fourth item (ur = 2) (OBI1 indicator), ranged from 21.9 to 75.5%. That estimated proportion
increased mostly with sample size. These results seem to indicate as long as the LRT between
Model 2 and Model 1 is significant, the procedure correctly detects uniform recalibration on
appropriate item(s) in most of the cases. However, when we consider the fact the procedure
must not only detect uniform recalibration on appropriate item(s), but it should also avoid
detecting other form(s) of response shift on any item(s) (OBI2 indicator), the resulting estimated
proportion decreased compared to OBI1 indicator, and ranged from 0.6 to 18.3%. For ur = 1,
the procedure had detected non-uniform recalibration on only one item in 30.5 to 56.9% of the
datasets according to sample characteristics. In most cases, the item detected was the same that

the item on which uniform recalibration was simulated. For ur = 2, the procedure had detected
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non-uniform recalibration on at least 1 item in 51.6 to 92.5% of the datasets. Again, in most

cases, those item(s) (was) were the one(s) on which uniform recalibration were simulated.

A first explanation to this phenomenon can be linked to the simulation process of
uniform recalibration coupled with the fact this was a work on binary items. Indeed, uniform
recalibration was simulated using a longitudinal Rasch model by a change in the value of
difficulties across time. On a binary item, this can be equated with a change in the proportion
of positive responses (P). In SEM models, non-uniform recalibration is detected by a change in
the value of error variance. Error variances are linked with the variance of the item, which is
represented for binary items by P(1 — P). Therefore, when uniform recalibration was simulated

on binary items, it seems plausible non-uniform recalibration might have been simulated too.

Nonetheless, another explanation to the aforementioned phenomenon can reflect the
issue regarding the need to introduce, or not, at step 3 of the procedure, a hierarchy in testing
for different forms of response shift [41,154]. In this study, a hierarchy proposed in two
previous studies was followed [41,154], which consists in testing non-uniform recalibration
first, followed by uniform recalibration and finally reprioritization. This hierarchy was derived
from measurement invariance studies [195]. So, in SEM operationalization, we can hypothesize
that when an item is affected by uniform recalibration, it also sometimes operationalizes as
contingent non-uniform recalibration, which is detected first when the abovementioned
hierarchy is followed. If this hypothesis holds, it could advocate against the need to impose a
hierarchy. Indeed, if uniform recalibration was allowed to be detected first, then maybe it would
correct for the risk of detecting contingent non-uniform recalibration. Thus, if the
aforementioned hierarchy had not been imposed, perhaps estimated OBI2 indicator would have
been higher.

6.4. Limits

This study suffered from some limits. The main one is the method used to estimate SEM
parameters. Theoretically, working with binary items requires estimating matrices of
tetrachoric correlations alongside with the use of robust-Diagnonally Weighted Least Squares
(DWLS) estimator [99]. However, this method imposes to estimate thresholds instead of
intercepts and requires more identifiability constraints (known as delta or theta
parameterizations) [196]. Currently, the operationalization of the response shift detection

(especially for non-uniform and uniform recalibration) used in the OP is not adapted to work
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with DWLS [37]. Thus, we used covariance analyses with robust maximum-likelihood. So,
although we performed a Satorra-Bentler correction, which seemed to have corrected for the
risk of a biased LRT (as illustrated by the fact the Type-I-Error is consistent with the 5%
theoretically expected), SEM parameters are probably somehow biased which could have
affected OBI1 and OBI2 values.

The second main limit is the scope of the study. This study was a pilot simulation study,
and simulation studies are usually consuming in terms of computational resources. Therefore,
we have chosen to restrict our work to binary items, we also have only simulated uniform
recalibration response shift and a unique simple structure (5 items loading on one dimension).
Thus, if the results give some clues about how OP behaves at item-level with unidimensional
model when detecting uniform recalibration response shift, they cannot be easily extrapolated
to other settings (polytomous items or continuous scores, other types of response shift). In
particular, the results cannot be easily generalized to other practical settings in HRQL

measurement, like multidimensional instruments with many items.

In addition, we have simulated, using Rasch models, uniform recalibration always with
the same magnitude. Although we have empirical data to support the fact that this value was of
a sufficient magnitude to represent a significant uniform recalibration effect [189], it remains
an uncertainty about what this value represents in SEM. For instance, if it was too low to

simulate such effect, it could have a negative impact on the results.

Lastly, we did not investigate in that study other relevant issues related to the OP: like
the aforementioned issue of the need, or not, of a hierarchy in step 3, or the need, or not, to
correct for multiple hypothesis testing [42].

7. Conclusion

This study proposed for the first time results on the probabilistic behavior of OP at item-
level, in terms of Type-I-Error, power and overall performance via a simulation study. The
results were consistent with Oort’s proposal to use the LRT as a criterion for global assessment
of response shift occurrence. However, several issues about the most efficient way to conduct
response shift detection via OP can still be discussed. Moreover, the results of this study are
limited by some choices that were made. New simulation studies could be performed to
investigate the aforementioned limits. Lastly, that study also emphasizes the need to properly
adapt the OP to item-level analyses.
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“In theory, there are no differences between theory and practice, in practice there

are” — Common sense from an unknown source
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Abstract

Objective. The purpose of Randomized Control Trials (RCTs) can be the assessment of
the direct effect of treatment on Health-Related Quality of Life (HRQL). Response shift theory
considers that a change in HRQL scores observed over time cannot be explained solely by a
direct effect of a medical condition, it may also result from a change in the way people appraise
their HRQL. The response shift effect is a potential bias that is liable to compromise efficient

assessment of the effect of treatment on HRQL.

Study design and setting. We hypothesize a link between the response shift effect on
HRQL scores, and the level of complexity of HRQL conceptualization.

Results. We discuss how the impact of reconceptualization on scores depends on the
complexity of the linguistic definition of a subjective construct, and how for reprioritization the
impact depends on the dimensionality. The linguistic theory of semantic primes is used to help
identify how subjective constructs can be classified according to the complexity of their

definitions.

Conclusion. Finally, we suggest that the impact of the response shift effect on HRQL
scores could be avoided (or lessened) if questionnaires were designed with a rule of “the least

semantic and psychometric complexity” in mind.
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1.1. The evaluation of the patient perspective in health-related research

1. Introduction

1.1. The evaluation of the patient perspective in health-related research

Patient-Reported Outcomes (PRO) are now widely used in health-related research, some
of them to assess Health-Related Quality of Life (HRQL), usually via self-administered
questionnaires [18]. In many medical areas (e.g. oncology, palliative care...), HRQL is
measured over time to add relevant information on patients’ subjective experience in the course
of treatment, to counterbalance objective data such as survival time [116]. Indeed, improvement
or deterioration of outcomes like health status or symptom levels is not always correlated with

patients’ subjective experience [14].

The current generation of HRQL measures is based on the assumption that the meaning
of concepts and measurement scales remains stable in individuals’ minds over time and is
similar between groups [34]. Thus, HRQL scale scores are assumed to be directly comparable
for a given individual over time [29]. As illustrated by what were initially called “paradoxical
and counter-intuitive findings” from the 1980s and 1990s [30] (e.g. reports of stable HRQL
levels over time by patients with a life-threatening disease [31], reports of better levels of HRQL
by patients with advanced stages chronic illness than by others [197]...), these assumptions can
be challenged. Indeed, these abovementioned findings were interpreted as evidence that
respondents understand the same questions differently over time [30,117], a phenomenon which

IS now known as response shift.

1.2. A brief overview of response shift theory

In health-related research, response shift was defined in 1999 as “a change in the
meaning of one’s self-evaluation of a target construct” [30]. It is operationalized in three forms:

— recalibration, which is a change in the respondent’s internal standards of
measurement (e.g. a person suffering from chronic pain and rating it on a pain
scale as 7/10 will later rate it as 5/10 after experiencing acute pain, despite the
chronic pain being the same as before);

— reprioritization, which is a change in the respondent’s values (i.e. the relative
importance of component domains in the target construct - e.g. an athletic person
who considers physical functioning as an important part of his/her HRQL may
later place emphasis on social functioning after sustaining permanent physical
injury);
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1. Introduction

— reconceptualization, which is the redefinition of a target construct (e.g. an item
of a multidomain questionnaire initially assessing the domain of mental health,
will be later understood by the respondent as assessing another domain, like

social functioning) [30].

Figure 17. Theoretical model of relationships between “standard influences”, response shift and changes
in HRQL (Adapted from RAPKIN and SCHWARTZ [10])

Changes in HRQL resulting from
‘ Antecedents . _
_ « standard influences »
S2 Changein
s3 HRQL
. Explained by standard
‘ Catalyst | “ model
"‘H\_
\ Discrepancy
‘ Mechanisms
R1
A
‘ Appraisal

Changes in th way people
appraise HRQL

Response shift effect is assumed to result from psychological mechanisms that
individuals use to deal with life changes, triggered by change in health state (a “catalyst”)
[30,118]. As illustrated by Figure 17, when someone is affected by a catalyst (e.g. occurrence
of a chronic disease, initiation of chemotherapy...), this catalyst can have a direct effect on
HRQL (S: pathway in Figure 17), translating into a change in the person's HRQL assessment.
A person's background (e.g. socioeconomic status, personality traits...) can also have a direct
effect on HRQL (S2 pathway) or an effect mediated by the catalyst (Ss pathway). These effects
can be called “standard influences” on HRQL. However, the catalyst can also induce
psychological mechanisms (e.g. coping strategies, social comparison...), leading into changes
in the way that a person understands and appraises HRQL (R1 and R2 pathways), and hence

affecting his/her observed scores: response shift has occurred.

Thus, there is a need to disentangle response shift effect from the effects of the “standard

influences” on HRQL [135]. Various methods have been used to detect response shift
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[37,145,147,148,152,153,157,160,179,198], although there was in the last years a focus on
methods based on Structural Equation Modeling. Indeed, some recent works were helpful in
showing how response shift effect can affect observed scores or true attributes (i.e. HRQL itself)
and how this effect can be modeled in explaining changes in observed scores or HRQL over
time [145,159]. Occurrence of response shift has now been documented in a variety of medical
conditions [115].

1.3. The particular context of clinical trials

HRQL measurement is increasingly used in the context of Randomized Control Trials
(RCTs), as endpoints [199]. In this context, a questionnaire should be designed to allow clear
interpretation of the direct effect of treatment on patients’ subjective experience. Indeed, it
serves as a criterion to enable a decision to be reached between two mutually-exclusive options

(i.e. the treatment assessed is effective or not) [59].

The initiation of treatment in the different arms of a RCT can be the catalyst of response
shift effect. For example, experiences of extreme levels of fatigue after chemotherapy can
induce recalibration response shift when assessing fatigue [123]. Therefore, if response shift
has occurred, changes in HRQL scores observed over time cannot be solely explained by a
direct effect of the treatment. Moreover, the quality and quantity of response shift effect are
dependent of the nature of the catalyst (e.g. as an extreme case, response shift is not likely to
occur when using placebo in an open label study). Thus, when assessing different treatment
options in a RCT, response shift effect can affect in varying amounts changes in scores in each
arms of the trial. As response shift can be triggered by the initiation of treatment (after
randomization), it might not be randomly distributed between groups and cannot be equated

with measurement error.

Thus, response shift effect in a RCT is liable to confuse interpretation of changes in
HRQL scores observed over time, thus making conclusions difficult.

2. Hypothesis

This paper is positioned in the context of the need to measure patients’ subjective
experience as an endpoint in RCTs. A well-designed questionnaire for use in this context should
generate a score that enables simple and clear interpretation of a change over time. It should
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therefore not be biased by response shift, as response shift is not usually the effect being

investigated.

Our hypothesis is that there is a link between response shift effect on HRQL scores
(interfering with the effects of “standard influences”), and the level of complexity of HRQL
conceptualization (both in semantic and psychometric terms). Indeed, to allow a difference in
interpretability over time or between people, the construct being measured has to be defined

itself with a sufficient level of complexity.

More precisely, we will discuss below how the impact of reconceptualization on scores
depends mostly on the complexity of the definition of a subjective construct (in semantic terms),
and how for reprioritization it depends mostly on construct dimensionality (in psychometric

terms).

We will then suggest that the impact of response shift on the measurement of patients’
subjective experience could be avoided (or at least lessened) if subjective constructs and
questionnaires were conceptualized and designed with these linguistic and psychometric

considerations in mind.

3. Polysemy as the original sin of HRQL

3.1. Linguistics and semantic primes

In the general framework of survey development, the impact of the wording and
phrasing of the questionnaire in the response process is discussed. TOURANGEAU et al. considers
that a person who is responding to a survey has to go through four cognitive processes
(comprehension, retrieval, judgment and response) [200]. In this model of survey response, it
is stressed out the first process involved is accurate comprehension of the scope of the
questionnaire. Thus, certain characteristics of the items, including semantic ones, are
acknowledged as leading to difficulties in understanding precisely what is the subjective

construct being measured by the questionnaire [200].

This can be linked to the more specific issue of response shift in measuring patients’
subjective experience via PRO instruments. Indeed, a PRO instrument can be viewed as a way
to communicate from a researcher to a patient [53]. A researcher, through the questionnaire, is
aiming to ask patients to rate certain subjective aspects of their lives. response shift theory

suggests this communication can be distorted, because the construct being measured can be
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interpreted in different ways [53]. Although response shift has mostly been investigated in
HRQL [135], it could occur with any subjective construct researchers might want to measure

(e.g. it has been investigated in relation to fatigue [201]).

This raises the question of whether any subjective construct can be interpreted in
different ways by different people (or by one and the same person over time). Or, at least, the
extent to which a subjective construct can be interpreted in different ways: i.e. semantics. In the
broadest way, semantics is the question of the relations between signifiers and what they stand
for. Of course, this question has been studied extensively over the course of human history. It
has penetrated many academic fields, like linguistics, philosophy, even cognitive sciences, and
it seems that there is currently no definitive consensus about it [202]. However, one of the main
semantic theories based on the notion of semantic primes and developed since the 1970s by
Anna WIERZBICKA and colleagues [203], seems to be particularly relevant in the context of this

work.

According to Anna WIERZBICKA and colleagues, defining every concept used in a
language is feasible starting from a core set of primitive concepts: semantic primes. Semantic
primes are core elements that can be used to coherently represent all complex meanings. They
can be viewed as analogous to basic chemical elements from which all chemical compounds
can be synthesized [204]. Without a set of primitives, any descriptions of meaning are actually

or potentially circular [203].

The search to identify potential semantic primes in languages was based on two main
criteria. First, a concept is considered to be a semantic prime if, after extensive trial-and-error
lexical-conceptual analysis, the concept cannot be reduced to simpler concepts that define it
(reductive paraphrase: it is impossible to define the concept in another way than by paraphrasing
it) [203,204]. In addition, a concept can be considered as a semantic prime if, after extensive
cross-cultural studies in a wide range of languages, the semantic prime exists as a linguistic
exponent (word or word-like element) in all languages [203,204]. Thus semantic primes
represent innate concepts, with a meaning assumed to be universal (i.e. shared by every culture

and language) [203].

To date, 64 concepts have been confirmed to be semantic primes (listed in Table 7)
[205].
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Table 7. List of semantic primes (English exponents), grouped into related categories, according to

GODDARD [205]

Semantic primes

Categories

I, You, Someone, Something~Thing, People, Body
Kind, Part

This, The same, Other~Else

One, Two, Much~Many, Little~Few, Some, All
Good, Bad

Big, Small

Know, Think, Want, Feel, See, Hear

Say, Words, True

Do, Happen, Move, Touch
Be (Somewhere), There is, Have (Something), Be
(Someone/Something)

Live, Die
When~Time, Now, Before, After, A long time, A short time, For
some time, Moment

Where~Place, Here, Above, Below, Far, Near, Side, Inside
Not, Maybe, Can, Because, If

Very, More

Like~As~Way

substantives

relational substantives
determiners
quantifiers

evaluators

descriptors

mental predicates
speech

actions, events, movement, contact
location, existence, possession,
specification

life and death

time

space

logical concepts
intensifier, augmentor
similarity

Looking at Table 7, it seems none of these semantic primes are strictly correlated with

a subjective construct used in health-related research. We cannot therefore postulate that there

are subjective constructs relevant to biomedical research that have a universal and univocal

meaning. Nevertheless, semantic primes theory describes different levels of complexity in the

definition of concepts.

A very low level of complexity, just above the notion of semantic prime, is represented

by concepts that can be described using a set of only a few semantic primes. These concepts

can be understood as semantic molecules [203]. According to Anna WIERZBICKA and

colleagues, certain concepts related to emotions or feelings can be defined as semantic

molecules. As shown in Figure 18, “sadness” can be defined using a few semantic primes

combined by means of a universal basic syntax (the “Natural Semantic Metalanguage” [203]).
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Figure 18 . Example of how a few semantic primes are combined to define the semantic molecule "sad”,
according to semantic primes theory (Adapted from WIERZBICKA [31])

A Few semantic primes

“Sad (e.g. X feels sad) = a semantic molecule
Smnetlu‘ng ™ X feels something

Feel sometimes a person thinks something like this:

Not something bad happened
Happen Combined to deﬁne>— if i didn't know that it happened

Bad i would say:i don't want it to happen
Because 1 don't say this now

because i know: i can't do anything

bae _-—-——'-'""'-—’

because of this, this person feels something bad
X feels something like this.”

A higher level of complexity in the definition of concepts is reached when it is at least
necessary to define a concept step-by-step, i.e. when first a semantic molecule needs to be
formed to define a more complex concept. For instance, to define “face”, first the definition of
the semantic molecule “head” is required. “Face” will then be defined using the semantic
molecule “head” in its definition [203]. Others levels of complexity are then also described
[203].

We hypothesize there is a set of subjective constructs useful in health-related research
that could be understood as semantic molecules. The complexity of their definition is low;
therefore, their meaning is easy to convey (Figure 19). We used “sadness” as an example, but
it might be plausible to define the concept of “pain intensity” (we are referring here to the
phenomenological experience of pain) as a semantic molecule. The low level of complexity of
this definition could be related, in part, to the fact that some subjective constructs can be
measured using a single-item instrument (Eigure 19). For instance, the measurement of pain

intensity is frequently achieved using a simple Visual Analogue Scale (VAS).
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Figure 19. Categorization of two sets of subjective constructs useful in health-related research according
to the complexity of their linguistic definition

Lowest level of complexity = semantic primes

* 1. Constructs as simple as a semantic molecule
* Meaning very easy to convey
= e.g. sadness, pain level?

*  Interms of measurement
— Can use asingle-item instrument
= e.g. pain level and single VAS

* 2. Constructs more complex than a semantic molecule
* Meaning harder to convey

=> e.g. HRQL

*  Interms of measurement
= Need to use multiple-items scale

Highest level of complexity

On the other hand, the definition of other subjective constructs is of a higher level of
complexity (Figure 19). At least, the definition of semantic molecule(s) is first required to
describe the concept. In that case, this high level of complexity of definition could be related,
in part, to the need for multiple-item scales to measure a targeted construct. According to
current views in the international scientific community, HRQL is highly complex to
conceptualize [18,116,206,207]. Prior to the development of the response shift theory, there
was already some research focusing on the dynamic nature of the HRQL construct [26]. It was
then already acknowledged the meaning of that construct fluctuates across individuals and time
[26]. Thus it seems HRQL is a concept that falls into the category of a subjective construct with
a definition entailing a high level of complexity (Figure 19).

To briefly synthesize, we postulate a typology of subjective constructs used in health-

related research based on the complexity of their definition:

— there is a set of subjective constructs that can be understood as semantic

molecules (i.e. their definition exhibits a low level of complexity);

— other subjective constructs exhibit a higher level of complexity (e.g. HRQL).
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3.2. Relationship between the level of complexity of a construct and
reconceptualization response shift

We previously hypothesized that there is a set of subjective constructs useful in health-
related research that can be defined as semantic molecules. As such, the meaning of these
constructs, because it is closely related to the meaning of the few semantic primes used to
describe them, if not strictly universal and unambiguous, exhibits a very low level of
complexity, and therefore is easy to communicate. If we consider that “pain intensity” referred
to earlier is one of these constructs, the frequent use of a single-item scale to measure it could
be related to this low level of complexity. An investigator only needs one (or few) item(s) and
few instructions to capture most of the relevant information, and to be understood by the

respondent.

On the other hand, the meaning of constructs with a highly complex definition, such as
HRQL, is harder to convey. A multi-item instrument is needed to capture sufficient information

and cover all the facets of these complex concepts.

In terms of the operationalization of reconceptualization response shift, we postulate the
impact of reconceptualization on a measure is not the same according to the level of complexity

of the definition of the constructs explored (Figure 20).

Figure 20. Relationships between complexity of linguistic definition, dimensionality and impact of
response shift effects on changes in HRQL scores observed

» 1. Constructs as simple as a semantic molecule + Response shift operationalization

=> Meaning very easy to convey ———3 Unlikely to be reconceptualized over time
and between individuals

= Can use a single-item instrument  ———t Reprioritization does not seem relevant to
consider
» 2. More complex than a semantic molecule + Response shift operationalization
=> Meaning harder to convey =3 Prone to reconceptualization

If conceived as a multidomain construct =3 Operationalized as multidimensional
= e.g. HRQL (current conceptualization) => Prone to reprioritization
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Indeed, for constructs that can be equated with semantic molecules, we postulate that
they are unlikely to be reconceptualized by given individuals over time, and that if they are
presented with the appropriate wording and response scale [200], they will be understood in a

very similar way between individuals (Figure 20).

Conversely, constructs with a highly complex definition, such as HRQL, are prone to
reconceptualization response shift, which can affect HRQL scores (Figure 20).

4. Multidimensionality as the next sin of HRQL

4.1. The current conceptualization of HROL

HRQL is also often viewed as highly complex in psychometric terms. Indeed, although
there is no current consensus, whether on the number of domains involved, or on the content of
those domains [18,65], most researchers consider HRQL to be a multidomain concept - often
including physical, social, psychological and spiritual domains - [18,65]. In addition, a broad
variety of outcomes, from symptoms and functioning assessment to more subjective
appreciations, are frequently subsumed under the umbrella term HRQL, overlapping with the
term PRO [59,207].

It is tempting here to make a jump from concept to psychometrics by associating a
multidomain concept with a multidimensional construct. In fact, when researchers are assessing
the factorial validity of a PRO instrument using data from a validation sample, it is expected an
instrument designed to measure a multidomain concept will prove to be multidimensional after
factor analysis [18,90]. Thus, as HRQL is often conceptualized as a multidomain concept, it is
often operationalized to be measured as a multidimensional construct (in psychometric terms).
One example is the factor structure of the SF-36 Health Survey [74,208].

4.2. Relationship between the dimensionality of a construct and reprioritization
response shift at domain-level

In line with what we previously postulated on the relationship between
reconceptualization and the complexity of a construct (in linguistics terms), we now postulate
the impact of reprioritization on measures will vary according to the dimensionality of a

construct (in psychometric terms).
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4.2. Relationship between the dimensionality of a construct and reprioritization response shift at
domain-level

As highlighted by SPRANGERS and SCWHARTZ in their definition of response shift [30],
reprioritization implies a change in the relative importance in the respondent's mind between at
least two domains constituting the targeted construct. We have also previously seen that a
correspondence between domain (in terms of conceptualization) and dimensionality (in terms

of operationalization) is often determined by assessing the factor validity of a construct.

Therefore, a subjective construct operationalized as markedly unidimensional may not
be a candidate for reprioritization: reprioritization may only occur if a construct is at least

bidimensional (Figure 20).

5.Theoretical proposals to achieve a meaningful score measuring
patients’ subjective experience for clinical trials

To summarize, while there is clearly a need to measure patients’ subjective experience
in health-related research, in the context of a RCT, a measure of this type needs to be simple
and clear to interpret. It should not be biased by response shift, as it is usually not the effect of
interest. However, HRQL is currently conceptualized in highly complex manner, both in terms
of semantic definition (definitions with a high level of complexity according to the semantic
primes theory) and in terms of factorial structure (often operationalized as multidimensional),
making HRQL scale scores prone to reconceptualization and reprioritization effects.

Thus, we would like to propose that this issue could be efficiently dealt with in the
design phase of a PRO instrument, with a rule of “the least linguistic and psychometric

complexity” in mind.

Indeed, if a construct leading to a PRO instrument assessing patients’ subjective
experience of the course of treatment was soundly define (i.e. with the least semantic
complexity), then this construct could be broken down into items that can be equated as closely
as possible with semantic molecules; and if it was operationalized in unidimensional form, it

would be possible to obtain:

— ascore that could not be readily biased by response shift (reconceptualization

and reprioritization);

— ascore that could be used as an easily interpretable endpoint in RCTs (because
it provides a single score, not a profile [59]).
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6. Discussion

6. Discussion

In this paper, we discussed links between complexity of a subjective construct and
reconceptualization and reprioritization, but not recalibration response shift. Indeed,
recalibration is related to the metric standard associated with response categories. In
TOURANGEAU et al. psychological model of survey response, setting the metric standard and
mapping a judgment onto response categories are part of the judgment and response processes
[200]. Therefore, it seems recalibration can be thought as mainly independent of the issue of
semantic and psychometric complexity. However, we would like to propose that the problem
of recalibration could be dealt with using a suitable response format. Indeed, recalibration can
occur because the metric standard is implicit and internal when using a VAS or Likert-scale.
We therefore hypothesize that by using brief case vignettes (as in some instruments designed
to assess global impression, like the improved Clinical Global Impression Scale (iCGI) [20]),
illustrating what each response choice is referring to, the standard metric is rendered explicit
and external, forcing the respondent to calibrate himself/herself on the metric the researcher

expects.

In this paper, we hypothesize a link between reprioritization and dimensionality, in
agreement with the theoretical definition of reprioritization, which seems to define
reprioritization at domain level [30]. We are nevertheless aware that in SEM-based methods,
reprioritization is operationalized as a change in values of factor loadings between two
measurement times.[37]. Therefore, in SEM operationalization, a change in the values of factor
loadings will be viewed as “reprioritization” (it will be “reprioritization at item-level”), even if
the construct is unidimensional. It seems there may be a need here for clarification of the
interpretation of changes in parameters of SEM models when performed at item level on a

unidimensional construct; or, at least, clarification of the definition of reprioritization.

Response shift theory can be viewed as related to two different conceptual issues in
psychometrics [114]. It is a theory designed to highlight the influence of psychological
mechanisms called upon when an individual has to deal with life changes [30]. But as it
highlights a potential change in the way people appraise their HRQL [118], it can also be
viewed as a source of bias when it is not the effect investigated by the HRQL measurement
[53,145]. Our proposals are related to the latter conceptualization. However, we claim these
two views can be thought to be complementary and context-dependent views: using one or the
other depends on the purpose of a study. In the context of a RCT, the direct effect of a treatment

on HRQL is usually investigated, so that response shift can be viewed as a source of bias [123].
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7. Conclusion

On the other hand, if the purpose is to investigate the different variables affecting a person's
HRQL, then it is more appropriate to view response shift as one of the outcomes of interest.

Therefore, the use of a method to explicitly quantify response shift is better suited.

In relation to these last comments, we acknowledge, as has been suggested by some
earlier studies [176,177], that psychological interventions can be used to facilitate adaptation,
therefore resulting in response shift occurence, as a way to enhance his/her HRQL, especially
in the context of palliative care, when curing the disease is no longer an option. If the
effectiveness of an intervention of this type were then to be investigated in the context of a
RCT, since response shift would be the main effect of interest, a method designed to
discriminate the response shift effect would be better suited than an instrument designed

according to our proposals.

When designing a PRO instrument, establishing validity of the questionnaire is of
paramount importance. In the last century, a great deal of efforts has been devoted to
successfully develop techniques to investigate structural validity [18]. Although developments
have been made via, for instance, the field of “Cognitive Aspects of Survey Methodology”, to
reduce the cognitive burden associated with the syntax of items [200,209-212], methodological
advances addressing issues regarding face or content validity are still needed to be built.
Potential tools derived from semantic primes theory could be developed to help assessing the
semantic complexity of construct and items of actual or new HRQL questionnaires. It could
also allow for experimental investigation of the theory, by developing items with different
semantic complexity and investigate whether it influences the occurrence of response shift
effect. These potential tools could be complementary options to help researchers to improve

face and content validity of a questionnaire.

7. Conclusion

The development of the response shift theory has been helpful in highlighting the impact
of psychological mechanisms on the assessment of individual HRQL over time. It has also
shown the response shift effect could be a source of bias in the context of a RCT, when
interpreting an observed change over time in HRQL. Hence our proposal as theoretical
guidelines for designing an instrument providing a score that is not biased by response shift,

with a straightforward interpretation.
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We have also highlighted links between response shift and HRQL conceptualization and
operationalization. Therefore, debate on what HRQL is seems relevant in the wake of the
response shift theory, in order to clarify what content an investigator wants to convey to a

respondent when measuring HRQL using a questionnaire.

We have seen that the “simpler” is the definition of constructs and items, the “easier” is
the interpretation of the score measuring patients’ subjective experience of the course of
treatment. Semantic primes theory has been helpful to define what is “simple”, in semantic
terms. A next step would be to convert it into a tool assessing the level of complexity of the

definition of constructs and items when designing PRO instruments.
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Part 6: General discussion and conclusion

“In the end, we are all alone and no one is coming to save you” — John Reese, a

fictional skillful person
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1. A discussion about the detection of response shift using Oort’s procedure

This last part will be dedicated to discuss some of the main results or proposals of the
two original works of this thesis (the fourth and fifth part). Regarding the simulation study, the
main limit (the fact an a priori inadequate estimator has been used) will be discussed with more
depth, along with the introduction of additional analyses performed after the publication of the
seminal paper which will help to better apprehend the potential robustness of the original
results. Then, some proposals about potential refinements of the OP algorithm will be discussed.
Then, some questions about the links between operationalization and interpretation of response
shift at item-level using SEM will be proposed. A second chapter will be dedicated to discuss
the fifth part of the manuscript (i.e. semantic primes and response shift paper). First, a
discussion about the issue of recalibration response shift in this context will be introduced.
Finally, this theoretical proposal will be used as an example to illustrate a larger issue which is
to find an adequate balance between studying complex phenomena and planning experimental

designs.

1. A discussion about the detection of response shift using Oort’s
procedure

1.1 On the limits and robustness of the results of the simulation study of this
thesis work

In the fourth part of this thesis work (it will be further referred as the “simulation study”
for simplicity), we have chosen to simulate responses to five binary items using a longitudinal
Rasch model. At each times of measurement, the five items measured the same construct (i.e.
assumption of unidimensionality). As it was, to our knowledge, the first simulation study
assessing OP performances (i.e. it was therefore a pilot simulation study) and as simulation
study can be easily quite computationally intensive to perform, the rationale behind the choose
of these simulation conditions was to obtain a simple data structure in order to optimize
feasibility. In addition, it seemed relevant to dissociate the choice of the simulation model from
the choice of the model used to analyze data, hence the use of a longitudinal Rasch model

instead of a CFA model, hence the simulation of binary indicators.

Nonetheless, one of the consequences, which was noted in the discussion of the seminal
simulation paper, was the datasets were analyzed using CFA with a priori an inappropriate

estimator (robust Maximum-Likelihood with Satorra-Bentler correction (MLM)) [99]. Indeed,
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1.1 On the limits and robustness of the results of the simulation study of this thesis work

when the study was performed, operationalization of response shift for categorical items was
not proposed yet [213]. If the use of MLM can be an appropriate way to deal with a departure
from the assumption of multivariate normality that is required when using ML, it only corrects
v? value, fit indices values and standard errors values of the parameters, but not the values of
the parameters themselves [99]. Therefore, it can be a simple and effective way of correcting
from moderate departure from multivariate normality (e.g. with categorical variables as
indicators with a sufficient number of categories, like four to seven) [99]. But, with high
departure from normality, there is a risk of estimating biased parameters [99]. In the
aforementioned pilot study, as the simulated data were binary items, this risk of estimating
biased parameters was a plausible one. Thus, the robustness of the main results of the study can

be questioned.

A first indicator of the robustness of the results can be the fact the Type-I-error that was
estimated for the omnibus test for overall response shift detection (model 2 versus model 1)
when using the LRT was in the 5% range as theoretically expected when using MLM. Thus, it
seems MLM indeed adequately corrected from estimating inappropriate %> value and standard
errors of the parameters. Therefore, results on Type-I-error and power of the global test for
response shift detection could be in some sort considered as robust. Nonetheless, as there was
still the risk of biased parameters estimates, relying on the aforementioned argument to

conclude on the robustness of the results can be considered as insufficient.

One of the main result of the study was the fact the use of LRT leads to better power for
the omnibus test for response shift detection than the use of IC (AIC, BIC or SABIC). But again,
as there was still a risk of biased parameters estimates, the robustness of this result can be
discussed. To investigate, the analysis cannot be done on the data of the study using the
appropriate estimator (DWLS estimator) as it does not rely on the estimation of the value of a
likelihood function [196]. Therefore, when using DWLS estimator, IC values are not computed.
Nonetheless, another simulation study was performed with the simulation of continuous
indicators using a CFA model (with the same combinations of 36 characteristics as in the
original study) to produce a situation where ML estimator is the appropriate option to get values
of the parameters. If power values were lower than those obtained with MLM (but they must
not be compared, as they were obtained using different datasets with different assumptions),
these new results confirmed power of the omnibus test is better when using LRT (? difference

test) than IC (Table 8). Thus, this result seems to be a robust one.
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1. A discussion about the detection of response shift using Oort’s procedure

Table 8. Estimated power for different strategies for global assessment for RS occurrence (continuous indicators, ML estimator)

n o r ur LRT (p <0.05) AIC2 > AIC1 SABIC2 > SABIC1 BIC2 > BIC1
% Cl g5% % Cl g5% % Cl g5% % Cl g5%

100 0 04 1 161 [14.0 - 18.6] 7.9 [6.4-9.8] 35.1 [32.2-382] 0.0 [0.0-0.4]

2 267 [24.1 -29.6] 15.0 [12.9 - 17.4] 45.0 [41.9 - 48.1] 0.0 [0.0-0.4]

09 1 152 [13.1-17.6] 7.1 [5.7 - 8.9] 316 [28.8 - 34.6] 0.0 [0.0 - 0.4]

2 266 [24.0 -29.4] 14.8 [12.7 - 17.2] 46.0 [42.9 - 49.1] 0.0 [0.0 - 0.4]

02 04 1 160 [13.9 -18.4] 8.1 [6.6 - 10.0] 3238 [29.9 - 35.8] 0.0 [0.0 - 0.4]

2 243 [21.7 -27.0] 133 [11.3 - 15.6] 41.9 [38.8 - 45.0] 0.0 [0.0 - 0.4]

09 1 146 [12.5 -16.9] 7.1 [5.7 - 8.9] 305 [27.7 - 33.4] 0.0 [0.0 - 0.4]

2 258 [23.2 -28.6] 13.4 [11.4 - 15.7] 44.0 [40.9 - 47.1] 0.0 [0.0 - 0.4]

200 0 04 1 307 [27.9 -33.7] 16.8 [14.6 - 19.3] 128 [10.9 - 15.0] 0.0 [0.0 - 0.4]

2 535 [50.4 -56.6] 35.1 [32.2 - 38.1] 295 [26.8 - 32.4] 0.0 [0.0 - 0.4]

09 1 302 [27.5 -33.1] 16.9 [14.7 - 19.4] 12.7 [10.8 - 14.9] 0.0 [0.0-0.4]

> 521 [49.0 -55.2] 36.0 [33.1 - 39.0] 29.3 [26.6 - 32.2] 0.1 [0.0 - 0.6]

02 04 1 286 [25.9 -31.5] 15.0 [12.9 - 17.3] 116 [9.8 - 13.7] 0.0 [0.0-0.4]

2 510 [47.9 -54.1] 35.4 [32.5 - 38.4] 28.8 [26.1 - 31.7] 0.0 [0.0-0.4]

09 1 309 [28.1 -33.9] 14.9 [12.8 - 17.3] 11.4 [9.6 - 13.5] 0.0 [0.0- 0.4]

2 496 [46.5 -52.7] 34.7 [31.8 - 37.7] 28.1 [25.4 - 31.0] 0.0 [0.0 - 0.4]

300 0 04 1 466 [43.5 -49.7] 29.6 [26.9 - 32.5] 113 [9.5 - 13.4] 0.0 [0.0 - 0.4]

2 755 [72.7 -78.1] 61.0 [57.9 - 64.0] 32.7 [29.9 - 35.7] 0.0 [0.0 - 0.4]

09 1 453 [42.2 -48.4] 28.9 [26.2 - 31.8] 95 [7.8 - 11.5] 0.0 [0.0 - 0.4]

2 725 [69.7 -75.2] 58.7 [55.6 - 61.7] 316 [28.8 - 34.5] 0.0 [0.0 - 0.4]

02 04 1 455 [42.4 -48.6] 30.4 [27.6 - 33.3] 9.8 [8.1-11.8] 0.0 [0.0-0.4]

> 717 [68.8 -74.4] 56.5 [53.4 - 59.5] 30.1 [27.3 - 33.0] 0.0 [0.0 - 0.4]

09 1 449 [41.8 -48.0] 28.1 [25.4 - 31.0] 9.0 [7.4-10.9] 0.0 [0.0-0.4]

> 763 [73.6 -78.8] 60.5 [57.4 - 63.5] 29.6 [26.9 - 32.5] 0.0 0.0 - 0.4]
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1.1 On the limits and robustness of the results of the simulation study of this thesis work

The original datasets of the seminal simulation study were reanalyzed in recent times
with the use of an appropriate estimator as proposed by VERDAM et al. (i.e. a DWLS estimator)
[213]. However, as the simulated data were binary items, there was only one threshold to
estimate by item. Therefore, we couldn’t choose the alternative parameterization (it imposes
identifiability constraints on at least two thresholds to be usable) to scale the continuous latent
indicators, but the delta parameterization instead. With this parameterization, the mean and

variance of the latent continuous indicator are fixed to 0 and 1 (see Part 2 chapter 2.2.b.b). Thus,

as the metric of the latent continuous indicator is fixed as identifiability constraint, it is a change
in the value of the threshold associated to an item over time that can be operationalized as
indicative of recalibration response shift. However, it has to be stressed out it is impossible with
binary items to dissociate uniform from non-uniform recalibration response shift. Therefore,
even if uniform recalibration response shift was the only form simulated in the datasets, the
only conclusion after analyses, if a change in threshold value over time was detected, is the

detection of recalibration response shift without further distinction.

Regarding the omnibus test of response shift detection, one disturbing result was the
fact when running analyses with an a priori adequate estimator (the DWLS estimator) the
estimated Type-l-error was below the expected 5% in most of the cases (Table 9). When
performing this analysis, we used a mean and variance adjusted test statistic (scaled and shifted)
for DWLS estimator as recommended in the recent SEM literature [214]. Nonetheless, it seems
to have maybe under-corrected for the risk of an incorrect risk of Type-I-error and have led to

lower value than theoretical correct ones.
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1. A discussion about the detection of response shift using Oort’s procedure

Table 9. Estimated Type-I-Error for global assessment for RS occurrence with DWLS or MLM estimator

n a P rs DWLS MLM
% Closs % Closs

100 0 04 0 1.7 [0.9 - 3.2] 4.5 [3.1-6.7]
0.9 0 4.5 [3.2-6.2] 3.7 [2.4 - 5.5]

-0.2 0.4 0 1.9 [1.1-3.4] 5.9 [4.1-8.2]

0.9 0 37 [2.5-5.3] 5.9 [4.2-8.1]

200 0 0.4 0 25 [1.6 - 3.8] 4.0 [2.8 - 5.8]
0.9 0 2.9 [1.9 - 4.2] 36 [2.5-5.2]

0.2 0.4 0 0.9 [0.4-1.8] 4.0 [2.8-5.7]

0.9 0 37 [2.6 - 5.1] 5.4 [4.1-7.3]

300 0 0.4 0 11 [0.6 - 2.1] 3.0 [2.0 - 4.4]
0.9 0 2.4 [1.6 - 3.6] 45 [3.3-6.1]

-0.2 0.4 0 15 [0.9-2.5] 5.8 [4.4-7.7]

0.9 0 15 [0.9-2.4] 4.4 [3.3-6.0]
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1.1 On the limits and robustness of the results of the simulation study of this thesis work

In terms of power, in most of the cases, the estimated power with DWLS was lower than
those estimated with MLM (Table 10). Indeed, if power was estimated to be above 90% for a
sample size (n) of at least 200 and uniform-recalibration (ur) simulated on two items when
using MLM, power was below 80% for these conditions using DWLS and was around or above
90% with n = 300 and ur = 2 only (Table 10). Theoretically, DWLS estimator along with the
mean and variance adjusted test for y? difference test is the appropriate way to deal with binary
indicators [99,214]. Thus, these additional results regarding estimation of power of the omnibus
test for response shift detection should be considered as the appropriate ones. However, as
results regarding Type-I-error using a DWLS estimator did not match theoretical expected
values (contrariwise to MLM estimator), the robustness of these new results can also be
discussed. Especially it can be discussed if these estimates of power are underestimated values
of the true power of the method. Nonetheless, irrespective of the estimator used, it seems power
for a global detection of uniform recalibration is above 80% when ur = 2 and the sample size is
around 200 to 300 when the structure of the data is five items measuring a single construct.
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Table 10. Estimated power for global assessment for RS occurrence (DWLS or MLM estimator)

n a [o) rs DWLS MLM
% Cl os% % Cl os%
100 0 0.4 1 15.9 [13.1-19.3] 36.4 [32.3 - 40.7]
2 25.5 [21.9 - 29.5] 57.7 [53.1 - 62.2]
0.9 1 19.6 [16.9 - 22.7] 37.8 [34.0 - 41.8]
2 30.7 [27.5 - 34.2] 61.2 [57.1 - 65.1]
0.2 0.4 1 14.6 [12.0 - 17.7] 36.6 [32.7 - 40.8]
2 25.3 [21.9 - 29.0] 60.0 [55.6 - 64.2]
0.9 1 20.1 [17.3 - 23.2] 41.0 [37.1-45.1]
2 29.5 [26.3 - 33.0] 61.1 [57.1-65.1]
200 0 0.4 1 42.2 [38.8 - 45.7] 72.8 [69.4 - 76.0]
2 64.2 [60.7 - 67.5] 94.6 [92.6 - 96.1]
0.9 1 42.0 [38.8 - 45.3] 75.1 [71.8 - 78.0]
2 68.5 [65.3 - 71.5] 94.9 [93.1-96.3]
0.2 0.4 1 43.2 [39.7 - 46.7] 75.0 [71.7 - 78.1]
2 65.1 [61.6 - 68.4] 92.2 [89.9 - 94.0]
0.9 1 44.6 [41.4 - 47.9] 76.2 [73.1-79.2]
2 74.1 [71.2 - 76.9] 94.3 [92.5 - 95.8]
300 0 0.4 1 70.2 [67.1-73.1] 92.3 [90.3 -94.0]
2 89.3 [87.0 -91.2] 99.6 [98.9 - 99.9]
0.9 1 72.2 [69.3 - 75.0] 94.1 [92.3 - 95.5]
2 90.2 [88.1-91.9] 99.6 [98.9 - 99.9]
-0.2 0.4 1 69.9 [66.8 - 72.9] 92.2 [90.1 -93.8]
2 92.6 [90.7 - 94.2] 99.5 [98.7 - 99.8]
0.9 1 69.5 [66.5 - 72.3] 92.3 [90.3 - 93.9]
2 93.8 [92.1 - 95.1] 99.8 [99.2 - 99.9]
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1.1 On the limits and robustness of the results of the simulation study of this thesis work

Regarding OBI1 values (i.e. the assessment of the proportion of datasets for which the
whole OP has properly detected uniform recalibration response shift on only truly affected
item(s) (after a significant LRT ascertaining global response shift occurrence), disregarding any
false detections of response shift on these or one of the other items), the estimates were globally
lower when using DWLS instead of MLM. This decrease in OBI1 values when using DWLS
comparing to MLM can be attributed mostly to the decrease in power of the omnibus test (Table
10, Table 11). Nonetheless, this difference vanished as sample size and the quantity of uniform
recalibration simulated increase. Indeed, for ur = 2 and n = 300, OBI1 values were found to be
close between the two estimators (Table 11). In fine, even if a decrease in OBI1 values has been
globally observed when using DWLS estimator, uniform recalibration simulated is adequately
detected in most of the cases when using DWLS estimator conditionally on the fact the omnibus

test is positive, which confirms the results of the seminal simulation study.

Regarding OBI2 values (this indicator is nearly identical as OBI1, but with an additional
requirement of no false detections of response shift on any item(s)), estimated values were
globally higher when using DWLS instead of MLM (Table 11). This result can be attributed to
the relationships between the simulation process and the differences in operationalization of
recalibration detection between DWLS and MLM. As aforementioned, theoretically, non-
uniform and uniform recalibration cannot be distinguished from one another when modeling
binary items. In this study, we simulated uniform recalibration only. With DWLS estimator,
there is only one parameter to operationalize the detection of uniform or non-uniform
recalibration which is a change in the value of the threshold associated to an item (using the
delta parameterization). Thus, whenever a significant change in threshold value was detected
on correct item(s) only after using OP, it was interpreted as a correct detection of the uniform
recalibration simulated and the condition to conclude on the positivity of OBI2 criterion was
considered to be met. Contrariwise, when using MLM estimator, there are two parameters
which represents the operationalization of recalibration response shift: error variances for non-
uniform recalibration and intercepts for uniform recalibration. But, as aforementioned in the
pilot study paper, simulating uniform recalibration on binary items could have led to a situation
where this recalibration was detected by a change in error variances instead of intercepts and

therefore interpreted as non-uniform recalibration (see Part 5, chapter 6.4). When this was the

case, the condition to consider OBI2 criterion as positive was not met and therefore OBI2

criterion was not assumed to be fulfilled. In fine, this is probably why OBI2 values did not rise
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above 18.3% when using MLM estimator but rise to 52.2% when using DWLS estimator (Table
11).
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1.1 On the limits and robustness of the results of the simulation study of this thesis work

Table 11. Estimated OBI1 and OBI2 values, DWLS and MLM estimator

n a o) rs DWLS MLM
OBI1 OBI2 OBI1 OBI2
% Cl 95% % Cl 95% % Cl 95% % Cl 95%
100 0 0.4 1 11.5 [9.1-14.4] 2.6 [1.6 - 4.3] 26.2 [22.6 - 30.2] 4.5 [3.0-6.7]
0.9 1 14.3 [12.0-17.1] 3.8 [2.6 - 5.4] 27.1 [23.6 - 30.8] 6.6 [4.8 - 8.8]
-0.2 0.4 1 9.5 [7.4-12.1] 2.7 [1.7 - 4.4] 27.5 [23.9 - 31.4] 6.6 [4.8 - 9.0]
0.9 1 12.4 [10.2 - 15.1] 2.4 [1.5-3.8] 28.3 [24.8 - 32.2] 6.6 [4.9 - 8.9]
200 0 0.4 1 32.2 [29.1 - 35.6] 16.8 [14.4 - 19.6] 58.4 [54.7 - 62.0] 11.2 [9.1-13.7]
0.9 1 325 [29.4 - 35.6] 16.9 [14.5 - 19.5] 59.7 [56.2 - 63.2] 13.9 [11.6 - 16.5]
-0.2 0.4 1 33.8 [30.6 - 37.2] 19.0 [16.4 - 21.9] 60.5 [56.8 - 64.1] 16.7 [14.1 - 19.6]
0.9 1 33.1 [30.1 - 36.3] 17.7 [15.3 - 20.4] 60.9 [57.4 - 64.4] 18.5 [15.9 - 21.5]
300 0 0.4 1 56.4 [53.1-59.7] 35.9 [32.8 - 39.2] 75.5 [72.4 - 78.4] 11.0 [9.0 - 13.3]
0.9 1 56.4 [53.3-59.5] 37.4 [34.4 - 40.5] 74.5 [71.5-77.3] 13.6 [11.5-16.1]
-0.2 0.4 1 55.8 [52.5-59.1] 37.6 [34.4 - 40.9] 75.2 [72.1-78.1] 16.1 [13.7 - 18.8]
0.9 1 54.9 [51.7 - 58.0] 36.1 [33.1-39.2] 75.5 [72.5-78.2] 18.3 [15.9 - 21.0]
100 0 0.4 2 11.8 [9.3 - 14.9] 55 [3.8 -7.8] 21.9 [18.3 - 25.9] 2.4 [1.4 -4.3]
0.9 2 14.8 [12.4 - 17.5] 7.4 [5.7 - 9.5] 27.2 [23.7 - 31.0] 3.7 [2.5 - 5.6]
-0.2 0.4 2 13.0 [10.5 - 16.0] 6.7 [5.0-9.1] 28.2 [24.4 - 32.3] 4.0 [2.6 - 6.1]
0.9 2 17.7 [15.1 - 20.7] 7.2 [5.5-9.4] 28.8 [25.2 - 32.7] 34 [2.2 -5.2]
200 0 0.4 2 41.6 [38.1 - 45.1] 27.3 [24.2 - 30.6] 52.6 [48.8 - 56.4] 1.3 [0.7 - 2.5]
0.9 2 47.0 [43.7 - 50.4] 30.9 [27.9 - 34.1] 57.7 [54.2 - 61.2] 2.1 [1.3 -3.4]
-0.2 0.4 2 44.9 [41.4 - 48.5] 26.4 [23.3 - 29.6] 57.4 [53.6 - 61.0] 6.5 [4.9 - 8.6]
0.9 2 54.8 [51.5 - 58.0] 35.3 [32.2 - 38.5] 64.9 [61.5 - 68.2] 4.9 [3.5 - 6.6]
300 0 0.4 2 64.7 [61.5 - 67.8] 47.7 [44.4 -51.1] 62.5 [59.0 - 65.8] 0.6 [0.3-1.5]
0.9 2 67.9 [64.8 - 70.8] 48.1 [44.9 - 51.2] 69.8 [66.6 - 72.8] 0.8 [0.4-1.7]
-0.2 0.4 2 69.3 [66.2 - 72.3] 50.1 [46.7 - 53.4] 69.2 [65.9 - 72.3] 2.7 [1.8 - 4.1]
0.9 2 71.8 [68.8 - 74.5] 52.2 [49.1 - 55.4] 72.5 [69.5 - 75.4] 2.5 [1.7 - 3.8]
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To conclude, even if the presence or not of a bias of the estimates (i.e. Type-I-error,
power, OBI1, OBI2) of this simulation study can still be discussed, some essential results of
the pilot simulation study were confirmed by the subsequent analyses performed after the
publication of the seminal paper. Indeed, it seems the LRT (or y? difference test) is the better
test to use as an omnibus test for global response shift occurrence. Conditionally on the
positivity of the omnibus test, it also seems simulated recalibration was adequately detected in
most of the cases when using OP whether MLM or DWLS estimator is used. Finally, when
using DWLS estimator, with ur = 2 and n = 300, it seems OP works perfectly (OBI2 criterion
fulfilled) in around half of the cases (with a structure of five binary items loading on one

construct).

The last aforementioned result is interesting. Indeed, it seems to indicate the use of OP
on binary items, even with an a priori correct estimator, can lead frequently to false positive
detection of other forms of response shift. Assuming these subsequent analyses of the
simulation study are somehow sound, this result raises issues about the most appropriate way

to perform OP as an algorithm.

1.2. On a possible refinement of Oort’s procedure algorithm

In the seminal cORT paper which introduced OP, it was presented as a backward and
forward approach [37]. The backward component, performed in one step (step 2 of the

algorithm, see Part 4, chapter 3), is the omnibus test of overall response shift detection (model

2 versus model 1). The forward component is the iterative procedure of response shift detection

one parameter at a time (step 3, see Part 4, chapter 3). Moreover, OP was introduced by OORT

without a hierarchy in testing the different types of response shift (i.e. reconceptualization,
reprioritization, non-uniform or uniform recalibration) and ooRT did not especially advocate
for correction for multiple statistical hypothesis testing in step 3 (i.e. the forward component).
Thus, OP, as initially proposed by 0ORT, was an algorithm with: an omnibus test for overall
response shift detection, no hierarchy in testing different types of response shift, and no

adjustment for multiple statistical hypothesis testing in step 3 [37].

The algorithm used in the simulation study of this work was a slightly modified version
of the original OP as it introduced a hierarchy in testing the different types of response shift.
Non-uniform recalibration was tested first, followed by recalibration and reprioritization

response shift. This hierarchy was introduced in part as a matter of programming feasibility (the
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simulation study required to automatize OP as an algorithm and the programming was
considered easier at the time to do so with the introduction of a hierarchy), and in part as it was
sometimes proposed by some authors [41,154], as it can be performed in that way in
measurement invariance studies [195]. The results of the simulation study showed, even with
an appropriate estimator (i.e. DWLS), a perfect detection of response shift simulated in around
half of the cases top (OBI2 estimates) (see Part 6, chapter 1.1).

Thus, it seems the flow of the OP algorithm, especially regarding certain key
characteristics can be questioned in order to optimize its performances. Three characteristics
may be questionable: the need or not for the omnibus test for overall response shift detection
(step 2), the need or not for a hierarchy in testing the different types of response shift at step 3,

and the need or not to correct for multiple statistical hypothesis testing at step 3.

The need or not for a hierarchy in testing the different types of response shift has been
already mentioned. Indeed, some authors argue for in order to reproduce what can be performed
in measurement invariance studies [41,154]. The need or not to correct for multiple statistical
hypothesis testing has also been mentioned in some empirical studies using the OP as the
procedure to detect response shift [42,44,159]. Indeed, the iterative LRTs performed in step 3
in order to detect the occurrence of response shift can be thought as a same family of dependent
tests. Thus, for n tests with an a priori « level of Type-I-error, there is a probability of 1 —

(1 — @)™ to have at least one false positive test for response shift detection at step 3.

The need or not to perform the omnibus test for overall response shift detection has, to
our knowledge, never been discussed in response shift literature. OP can be thought as an
algorithm designed to search for the most parsimonious longitudinal CFA model to explain
changes over time of a measurement of a construct [37]. If there is no response shift in the data,
then the most parsimonious model is the model with all parameters constrained to be equal at
each times of measurement (which is the second model of step 2 used for the omnibus test). If
there is response shift everywhere in the data, then the most parsimonious model is the model
with no equality constraints at all, which is the model fitted at step 1. This last assumption can
be seen as empirically unrealistic. Thus, it can be questioned if the OP could start by fitting the
model with all parameters constrained to be equal at each times of measurement and searching
for response shift from this model (i.e. restricting the OP to the forward approach only). The
rationale behind the fit of the model at step 1 of the current OP algorithm (the model with no
constraints at all) is to verify if a measurement model with appropriate structural validity can
be fit on the data. However, as aforementioned, it is probably unrealistic to suppose this model
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would be the most parsimonious as it assumes all forms of response shift on all items, thus the
fit of this model as a test for the possibility of an adequate measurement model can be
questioned. Another argument for fitting model 1 can be the fact the omnibus test for response
shift detection can be a way of preventing for a too high probability of Type-I-error, especially
if the hierarchy in testing different types of response shift is used. Nonetheless, this need to
perform the omnibus test could be prevented by an adequate correction for multiple statistical
hypothesis testing when performing the iterative search for occurrence of response shift (i.e.
step 3).

Whatever the theoretical soundness of these different options, the different
combinations of these choices regarding the best way to perform OP can be investigated by
simulation studies in order to define which strategy leads to the best performances (i.e. highest
OBI2 values). In that regard, these different strategies are currently investigated by simulation

studies within the research team by Guilleux et al.

1.3. On the operationalization and interpretation of response shift at item-level

Response shift detection at what is called “item-level” has become of prime interest in
recent years. Indeed, a special section of Quality of Life Research was devoted to this issue in
2016 [215]. Initially, especially when using OP, response shift was usually investigated at what

is called “domain-level” [39].

On a conceptual basis, the distinction between domain-level and item-level response
shift is, in part, linked to the structure of the SF-36 which is composed of two levels of
measurement [74] (Figure 21). The top level of the structure of the SF-36 is the domain-level.
It describes how two broad latent variables (the Physical Component of HRQL and the Mental
Component of HRQL) can be subdivided in four domains each (for a total of eight domains).
These eight domains are scales or scores that are measured each by a certain number of items.
Thus, the bottom level of the structure of the SF-36 describes how each domain (or dimension

in the psychometric sense) are measured by items.
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Figure 21. The two-levels structure of the SF-36 (Adapted from: KELLER et al., Journal of Clinical
Epidemiology, 1998 [74])
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So, when investigating the occurrence of response shift at domain-level using the SF-
36, what is explored and therefore modeled is the relationships between the eight subdomains
and the two aforementioned broad latent variables representing HRQL. Thus, what is used as
indicators of the two broad latent variables are eight quantitative scores representing different
sides of what is supposed to be HRQL [39]. At this level, the operationalization and
interpretation of response shift occurrence has been heavily discussed and especially formalized
by oORT et al in 2009 [145,159]. But, when investigating the occurrence of response shift at
item-level using the SF-36, what is explored and therefore modeled is the relationships between
each of the eight subdomains and the items designed to measure them. Thus, what is used as

indicators of each subdomain are items.

One issue that had to be tackled to investigate response shift at item-level is the fact
items are frequently assessed using Likert-scale and therefore corresponds to categorical
variables (from two to six categories in the SF-36) [60]. Therefore, modeling the relationships
between categorical items with these number of categories and a domain using CFA cannot be
done using ML estimator as it assumes multivariate normality [99]. Thus, one major issue of

investigating adequately response shift at item-level was a statistical one (i.e. to use an adequate
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estimator in order to obtain unbiased SEM parameters, which implies to redefine adequately
the operationalization of response shift at this level). Theoretically, it has to be noted if items
indicative of a domain were measured in a quantitative manner (assuming a Gaussian
distribution), this would not be a statistical issue as ML estimator would then be available.
Therefore, we stressed out the issue of detecting response shift at item-level using SEM cannot
always be a statistical issue: it is directly linked to the response format used for measuring

items.

One of the appropriate way to accommodate the use of SEM with categorical indicators
(or items) has been already described in the theoretical prerequisites of this thesis work: it is
the three-stages approach (see Part 2, chapter 2.2.b.b) [101]. In short, first, categorical items are

assumed to be representative of latent continuous indicators following a Gaussian distribution
that has been truncated and thresholds are estimated. Second, polychoric correlations between
the indicators are estimated. Third, these polychoric correlations are used as data to fit a CFA
model using a DWLS estimator. This estimator requires more identifiability constraints (i.e. the
metric of latent continuous indicators has to be scaled) and usually more parameters to estimate

(i.e. for an item with k categories, there are k-1 thresholds to estimate) than ML estimator.

An operationalization of the detection of response shift at item-level using this
aforementioned method of estimation along with an application on empirical data (with HRQL
measured using the SF-36) has been proposed by VERDAM et al. in 2016 [213]. Comprehensive
details about the method developed can be found in the corresponding paper. In short, the OP
for response shift detection was adapted to accommodate the use of categorical items. At this
level, it is now decomposed in two-main stages. The first one is dedicated to get a measurement
model of the relationships between items and a SF-36 dimension with unbiased estimates of
SEM parameters using the aforementioned DWLS estimator. In this proposal, the alternative
parametrization proposed by Karl Gustav JORESKOG is used as the parameterization to scale the
latent continuous indicators [103]. This parameterization imposes identifiability constraints by
fixing values of at least two thresholds (to zero and one respectively) in order to be able to
estimate the means and error variances of the latent continuous indicators. Once this first stage
is accomplished, a second stage is the detection of response shift in itself. As the means and
error variances of latent continuous indicators have been estimated, a model can be fitted with
the same parameters used for domain-level (i.e. factor loadings, intercepts, error variances) and

therefore OP can be accomplished using the same operationalization of response shift as usual.
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This method has been performed once on an empirical dataset, with each domain of the
SF-36 explored one by one due to computational and potential convergence issues [213]. On a
statistical level, it indeed used an estimator that has been proved to lead to unbiased SEM
parameters values contrariwise to ML estimator when incorporating categorical indicators in a
CFA model [99]. Thus, the method is theoretically sound in terms of model estimates and is a
valuable addition to the literature on response shift detection. Nonetheless, it seems plausible
the operationalization and meaning of response shift detection at item-level can still be
discussed on a more conceptual level, especially when confronting these with the fundamental
hypotheses of CTT. Especially, a potential issue can be the interpretation of changes in factor
loadings over time as reprioritization in the same sense reprioritization was defined as domain-
level response shift (i.e. a change in the relative importance of component domains in the target
construct [30]).

In CTT, the score (X), which is usually the sum of the values of p items (X1, Xo, ..., Xp),
is taken to be an appropriate representation of the true score (T, the latent variable supposed to

be measured), measurement error aside (E), which leads to the fundamental equation [80-82]:
X=T+E.

Each item is taken to be a repeatedly administered test of the measurement of the same
construct and the residual factor associated to each item is supposed to be measurement error
only. Therefore, with an infinite number of items the expected value of X is supposed to be T.
However, this relationship can be assumed to be true in the most restrictive sense only if certain
conditions are met regarding the relationships between the indicators and the true score. Ideally,
these conditions correspond to what is called in the psychometric literature to a parallel model.
The parallel model assumes all items are exactly equivalent to one another [216,217]. All items
measure the same construct, on the same scale, with the same difficulty, and with the same
amount of error (i.e. assumption of unidimensionality plus equal factor loadings, equal

intercepts and equal error variances) [218] (Figure 22).
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Figure 22. A parallel model as a SEM path diagram displaying the relationships between T, X and E

When applied to the fundamental CTT equation, each item p for an individual i can be
shown as [218]:

Xip == Ti + Ei'

Least restrictive conditions can be assumed in describing the relationships between the
construct and the indicators. In the tau-equivalent model, the individual error variances
associated to each item can differ from one another [216,217]. All items measure the same
construct, on the same scale, with the same difficulty, but with different amounts of

measurement error, thus leading to [218]:
Xip = TL' + Eip'

Then, in the essentially tau-equivalent model, the individual difficulties associated to
each item can be of different values [216,219]. Here, all items measure the same construct, on
the same scale, with different difficulties and different amounts of measurement error. The
essentially tau-equivalent model allows each item true score to differ by an additive constant

unique to each pair of items [218]:
Xip = ((Ip + Tl) + Eip'
Finally, the least restrictive model is the congeneric model where the individual factor

loadings associated to each items are freed to differ from one another [216]. Here, all items

measure the same construct, with different scales, difficulties and amounts of measurement
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error. The congeneric model allows each item true score to differ by an additive and
multiplicative constant unique to each pair of items [218]:

Xip = (ap + ﬁp(Ti)) + Eip-

Figure 23. Path diagrams of A: A parallel model, B: A tau-equivalent model, C: A essentially tau-
equivalent model, D: A congeneric model

Thus, when the relationships between a construct and indicators can only be modeled
via a congeneric model (i.e. when more restrictive assumptions are untenable), it seems
plausible to suppose differences in factor loadings between two items measuring the same
construct are linked to differences in scales (i.e. the unit of measurement) between these two-
items. As a result, with a congeneric model, if one path from the latent true variable to one of
the items is set to 1 (i.e. as identifiability constraint), this indicates the true scores of the other
items are expressed in terms of the true score of the fixed item [218]. A higher value of factor
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loading is indicative of an item that is measured on a larger scale than another item with a lower

value of a factor loading.

Therefore, if this assumption holds and if we extend this reasoning to a longitudinal
CFA model with two-times of measurement, it seems plausible to suppose differences in factor
loadings over time on the same item measuring the construct (at each time of measurement) are

linked to a change in scale over time.

In the VERDAM et al. study, the adaptation of the OP to detect response shift at item-
level was used on empirical data with each of the eight domains of the SF-36 modeled one at a
time. When a significant change in factor loadings of an item over time was found using the
OP, it was labeled as reprioritization response shift [213]. If this change was for example an
increase over time, it was interpreted as “this item has become more indicative of the domain
at the second time than the first”, which is factual [213]. Nonetheless, on a theoretical level,
reprioritization is defined as a change in the respondent’s values (i.e. the relative importance of
component domains in the target construct) [30]. But, as aforementioned, changes in factor
loadings over time at item-level could be interpreted as changes in the scale of the item designed
to measure a construct. So it leads to the question: at item-level, is a change in factor loadings
over time can univocally be interpreted as the occurrence of reprioritization response shift with
a meaning that can be exactly the same than reprioritization response shift at domain-level?
Indeed; if the assumption than changes in factor loadings at item-level are somehow related to
changes in scales holds, it could lead to suppose changes in factor loadings are also somehow
related with a meaning that is closer to the definition of non-uniform recalibration than

reprioritization.

On a more hermeneutical level, it can also lead to the question if item-level response
shift can also be interpreted as a phenomenon indicative of psychological adaptation to illness
as domain-level response shift, or if it is a phenomenon more directly linked with the violation
of some fundamental assumptions of CTT. In that regard, one could easily argue the strictest
assumptions of CTT (i.e. the assumption a parallel model holds) are empirically untenable, and
therefore modeling adequately responses to items using a latent variable model as SEM or IRT
models and searching for changes in parameters over time is a more heuristic approach, as it
conveys more information about what have changed in the measurement of a construct over
time. Nonetheless, at the very least, it seems plausible the aforementioned arguments could
open a discussion about the adequate relationships between changes in SEM parameters over
time, the operationalization of these parameters and response shift definition at item-level.
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2. Deepen the discussion about links between semantic complexity of a
PRO instrument and response shift

2.1 Is recalibration a very critical difference between objective and subjective
measures?

In the fifth part of this manuscript (it will be further referred as the “semantic primes
study” for simplicity), we hypothesized a link between semantic complexity of constructs and
items and reconceptualization, along with a link between multidomain concepts and
reprioritization. In short, it has led to a theoretical proposal which can be summarized as if
someone could define a unidomain concept measured by items both with the least semantic
complexity possible, it could lead to a PRO instrument unaffected by reconceptualization and

reprioritization response shift.

Of course, it has to be stressed out it is currently a theoretical proposal only that has not
been investigated in any empirical manner. Therefore, the soundness of this proposal remains
unknown and unassessed. Nonetheless, assuming it could be a valid proposal, it was mentioned
in the discussion the issue of dealing with recalibration response shift (i.e. is a PRO instrument
could be unaffected by recalibration?). Indeed, recalibration is related to the metric standard
associated with response categories. As aforementioned, setting the metric standard and
mapping a judgment onto response categories are part of the judgment and response processes
and therefore can appear to be a phenomenon mainly independent of semantic complexity (see

Part 6, chapter 6) [200]. Nonetheless, it was proposed in the discussion of the semantic primes

paper the use of brief case vignettes illustrating what each response choice is referring to as a
suitable response format for an item [20]. The idea was to rendered the metric of the item
explicit and external. In some sort, it can be related to the idea of setting the unit of measurement
relatively to a standard, as exposed in the Introduction of this manuscript (see Part 1, chapter
1).

However, again, assuming this proposal could be valid in some way, it seems
insufficient to effectively deal with the occurrence of recalibration without further
development. Indeed, even if brief case vignettes were used to set more objectively the unit of
measurement of an item, it could only be a valid option if these vignettes could not be
interpreted differently over time or within individuals. Thus, the vignettes should also comply
to the requirement of being conceptualized and written with the least semantic complexity

possible, which would add another difficulty to the potential practical feasibility of the
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theoretical proposals of the semantic primes paper. In fine, this remark may be an illustration
of the fact the difference between the definition of the unit of measurement of dimensions used
to describe objective phenomena (i.e. units defined relatively to a phenomenon unrelated with
the internal perspective of a thinking subject) and a PRO instrument (i.e. unit defined relatively
to an internal perspective) is perhaps a very critical difference between objective and subjective

measures.

2.2. Complexity versus simplicity: expanding the talk about semantic primes
theory and response shift to study design and purposes of a study

The semantic primes study was written with a very focused context in mind: the
assessment of the direct efficacy of a new therapeutic strategy measured by a subjective
construct reflecting patients’ experiences as a primary endpoint using RCT design. The
relationship between this very focused context and the idea exposed in the study (i.e. could it
be possible to design a PRO instrument capturing patients’ subjective experience while being
unaffected by reconceptualization and reprioritization?) is of paramount importance and need

to be discussed with more depth.

Indeed, the occurrence of response shift theory has highlighted the dynamic nature of
subjective concepts and measures and the need to better capture psychological adaptation to
illness when assessing the longitudinal effect of a salient health-related event on individuals’
mind [135]. Humans’ mind functioning can be thought as a complex system and response shift
theory has forced researchers to disregard an over-simplistic assumption of traditional
psychometric theory (i.e. the idea a concept that is assessed is stable in individuals’ mind over
time) [29]. Thus, response shift theory has led to practical developments. In the recent years,
the methodological developments were focused toward complex statistical modeling (see Part
2, chapter 5.2). In any non-experimental setting (e.g. epidemiological study...), this can be a
more heuristic approach to try to integrate complex phenomena using complex methods as it
probably conveys more information about the intricacies of the numerous processes involved

when an individual has to deal with a significant change in health state.

Nonetheless, there is currently a will to use more frequently PRO as primary endpoints
in experimental designs such as RCTs [199]. RCT is, in health-related research, the design that
is the closest to a traditional design used in experimental physics which is the design that is the
closest to the epistemological ideal of the counterfactual account of causality (i.e. if c and e are
two events, ¢ causes e if (1) ¢ and e both occur and (2) if ¢ had not occurred and all else remained
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the same, then e would have not occurred) [220,221]. In that regard, RCTs are designed to
answer to a single simple question: is a new therapeutic strategy can be proved to have more
efficacy than at least one another or not? The answer of a RCT is binary: proof of efficacy or
absence of proof [59]. Thus, even if RCTs can be distinguished from designs used in
experimental physics (because of the number of cofounders to account for, which is controlled
by randomization, and because of the risk of Type-I-error and Type-II-error, which are managed
by statistical hypothesis testing theory [11]), it nevertheless corresponds to a traditional simple
experimental scientific device used to assess a single and simple causality assumption.
Therefore, if the idea of assessing subjective experiences and using them as primary endpoints
in RCTs is a sound one, as it recognizes patients as thinking subjects and not just as bodies with
a set of biological parameters, admitting the dynamic nature of subjective measures, which is
one the purpose of response shift theory, could contradict the simplicity of RCTs design.
Indeed, from a methodological standpoint, two key characteristics of designing a RCT are
planning the number of subjects needed to be included and concluding if the amount of
differences observed regarding the primary endpoint is significant proof of efficacy [11].
Designing a RCT while complying with these two aforementioned methodological
characteristics, with the intent of using a subjective concept as primary endpoint, and with the
additional requirement of taking into account potential response shift occurrence can therefore

appear to be a difficult challenge.

This was this potential challenge which motivated the work on response shift and
semantic complexity. Indeed, by investigating if it could be possible to design a PRO unaffected
by response shift, it could lead to one of the solution to deal with the difficulty of using
subjective concepts as primary endpoints in the context of RCTs. However, as the answer could
be the need to design a PRO instrument in a way to assess constructs with the least semantic
complexity possible, the downside could be it would require to give up on the idea to explore

complex phenomena.

In fine, this balance between complexity and simplicity, and its relationship with study
design in health-related research, might be seen as a reflection of an issue that is currently
pregnant is various scientific fields: the transition to the investigation of more and more
complex objects and therefore the difficulties of managing this complexity [222]. For example,
in epidemiology or ecology and sociology, there is an increase will since the end of the 20"
century to explore complex functional or causal relationships between multiple agents of wide

systems [223], hence a more frequent use of methods derived from graph or network theories

131

Part 6: General discussion and conclusion



3. Conclusion

(within which SEM can be considered as a special case) [224,225], statistical learning such as
machine learning techniques [226] or artificial intelligence [227] and giving up on traditional

simple experimental designs and classical statistical methods.

3. Conclusion

Response shift theory has led researchers in the recent years to admit the dynamic nature
of subjective measures and is currently a middle-range theory under which practical
developments have been performed to deal with this complex issue. Thus, it has led to
substantial theoretical and methodological developments, as well as empirical investigations of
the effect of a change in health state on individuals’ mind while integrating more complex
phenomena regarding psychological adaptation to illness. Nonetheless, the third part of this
manuscript (i.e. the state of the art of international works on response shift) has shown it remains
a theory with few very stabilized certainties, whether on a theoretical, methodological or
empirical level. The simulation study has shown the difficulties to assess the performances of
complex statistical modeling techniques, especially the difficulties of translating the results of
these types of studies to practical guidelines for empirical studies (i.e. the issue of
generalizability). The semantic primes study has led to question the feasibility of incorporating
subjective concepts as primary endpoints in RCTs while accounting for response shift
occurrence. Moreover, these works have illustrated the fact response shift theory, and in a
broader way, psychometrics, are truly transdisciplinary scientific fields. Stabilizing a modern
psychometric theory which will fulfill the expected qualities of good measurement devices
while integrating the complexity of dealing with humans’ psychological processes will remain
a thrilling challenge.
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The concept, measurement and integration of response shift
phenomenon in Patient-Reported Outcomes data analyses. On
certain methodological and statistical considerations

Abstract

Patient-Reported Outcomes are increasingly used in
health-related research. These instruments allow the
assessment of subjective concepts such as Health-
Related Quality of Life, anxiety level, pain or fatigue.
Initially, the interpretation of a difference in score over
time was based on the assumption that the meaning of
concepts and measurement scales remains stable in
individuals’ minds over time. This assumption has been
challenged. Indeed, the self-assessment of a concept is
now understood as a contingency of the subjective
meaning a subject has of this concept, which can change
over time especially as a result of a salient medical event:
the “response shift” phenomenon.

Since the end of the 1990s, researches on response shift
phenomenon has become of prime interest in the field of
health-related research. If developments have been
made, it is still a young field with various scientific
debates on a theoretical, methodological and statistical
level. Thus, the broad objective of this thesis is to
investigate some methodological and statistical issues
regarding response shift concept, detection and
integration into PRO data analyses.

The manuscript is composed of three main works: a state
of the art and synthesis of the works conducted at an
international level since response shift phenomenon is
investigated, a pilot study investigating the statistical
performances of the Oort’s Procedure (a popular method
of response shift detection using Structural Equation
Modeling) by simulations and a theoretical work about the
links between response shift occurrence and semantic
complexity of concepts measured and items used.

Key Words: Response shift, Patient-Reported
Outcomes, Health-Related Quality of Life, Structural
Equation Modeling, Methodology, Psychometrics

Résumé

Les données rapportées par les patients sont maintenant
fréquemment utilisées en recherche biomédicale. Ces
instruments permettent la mesure de concepts subjectifs
tels que la qualité de vie, les niveaux d’anxiété, de
douleur, de fatigue.

L’interprétation d’'une différence de score au cours du
temps était basée sur I'hypothése que le sens des
concepts et échelles restai stable au cours du temps
dans l'esprit des individus. Cette hypothése semble
aujourd’hui dépassée. L’auto-évaluation d’un concept est
maintenant comprise comme contingente de la
représentation subjective qu'a un sujet du dit concept,
cette représentation pouvant changer au cours du temps,
surtout apreés avoir vécu un événement de santé : ce
phénomeéne est connu comme le « response shift ».
Depuis la fin des années 1990s, linvestigation de ce
phénoméne est devenue un sujet d’intérét majeur en
psychométrie. Si des développements ont vu le jour, ce
sujet reste récent et donc accompagné de débats variés
gue ce soit sur le plan théorique ou méthodologique.
Aussi, I'objectif général de cette thése est d’investiguer
certaines problématiques méthodologiques et
statistiques liées au response shift.

Ce manuscrit est composé de trois travaux principaux :
un état de I'art et une synthése des travaux conduits a un
niveau international depuis que le response shift est
étudié, une étude pilote des performances de la
procédure d’Oort (une méthode populaire de détection de
response shift) par simulations et un travail théorique sur
les liens entre response shift et complexité sémantique
des concepts mesurés et items utilisés.

Mots clés : Response shift, Patient-Reported
Outcomes, Health-Related Quality of Life, Structural
Equation Modeling, Methodology, Psychometrics



