Received: 20 April 2022

Revised: 18 December 2022

Accepted: 17 February 2023

DOI: 10.1111/spc3.12740

ORIGINAL ARTICLE

WILEY

What's wrong with rating scales? Psychology's
replication and confidence crisis cannot be solved
without transparency in data generation

Jana Uher!2

1School of Human Sciences, University of
Greenwich, London, UK

2London School of Economics and Political
Science, London, UK

Correspondence

Jana Uher, University of Greenwich, Old Royal
Naval College, Park Row, London SE10 9LS, UK.
Email: mail@janauher.com

Funding information

European Commission, Grant/Award Number:
EC Grant Agreement number 629430

Abstract

Quantitative explorations of behaviour, psyche and soci-
ety are common in psychology. This requires methods that
justify the attribution of results to the measurands (the enti-
ties to be measured, e.g., in individuals) and that make the
results' quantitative meaning publicly interpretable (e.g., for
decision making). Do rating scales—psychology's primary
methods to generate numerical data—meet these criteria?
This article summarises selected epistemological and meth-
odological problems of rating scales that arise, amongst
others, from the intricacies of language-based methods and
from psychologists' challenges to distinguish their study
phenomena from their means of exploring these phenom-
ena. Failure to make this logical distinction entails that dispa-
rate scientific activities are conflated, thereby distorting
scientific concepts and procedures. Rating scales promote
such conflations because they serve both as description of
the empirical study system (e.g., behaviours) and as symbolic
study system (e.g., data variables), leaving the interpretation
of each system and the mapping relations between them to
raters' intuitive decisions. Verbal scales, however, have broad
semantic fields of meanings, which are context-sensitive
and therefore interpreted differently, and which cannot logi-
cally match the quantitative meaning commonly ascribed to

the numerical scores derived from them. The ease of using
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verbal descriptions as means of exploration drew psycholo-
gists' attention to the conceptual-interpretive level, away
from their actual study phenomena. This also led them to
overlook key elements of data generation and measure-
ment. The pragmatic necessity to analyse rating scores
through between-individual comparisons entailed the erro-
neous assumption that psychometrics and sample-level
statistics could enable measurement. Improving data anal-
yses, as currently discussed, is therefore insufficient for
overcoming psychology's crises of replication, confidence,
validity and generalizability. Data generation methods are
necessary that make the entire process—from the empirical
study phenomena up to the results—fully transparent and
traceable. This rigorous analysis of rating scales highlights

important steps for future directions.

KEYWORDS
generalizability, measurement, psychometrics, replicability, trans-
parency, traceability, validation

1 | INTRODUCTION
1.1 | Psychology: A discipline in crisis and its popular method of investigation

Rating ‘scales’ have changed psychology. Since their introduction (Likert, 1932; Thurstone, 1928), rating ‘scales’
have been hailed as instruments enabling psychological ‘measurement’, making psychology's study phenomena
amenable to mathematical analysis. This allowed psychologists to replace controversial introspective methods with
natural-science methods (e.g., hypothesis testing). The efficiency of creating large numerical data sets with ratings—
nowadays conveniently administered online, reaching millions of respondents remotely (e.g., Amazon's Mechanical
Turk; Anderson et al., 2018)—enabled major developments in statistical analysis.

Curiously, however, rating ‘scales’ in themselves remained largely unchanged, while the last century saw previ-
ously unthinkable advancements in physical measurement (e.g., distance measurement using satellites). Still today,
everyday descriptions of phenomena of interest (items) are presented to respondents (raters) for judgement using
predefined multi-stage answer categories (rating), commonly considered a ‘scale’ (indicating, e.g., levels of agree-
ment). Meanwhile, ideas that colloquial statements or questions presented with a visualised ‘scale’ (e.g., five stars)
could enable quantitative investigation of experience and behaviour (e.g., customer satisfaction) proliferate also
outside of academia (e.g., in business) as do commercial survey platforms (e.g., Qualtrics). Ratings have become ubiqg-
uitous in everyday life. Have psychologists lost their scientific authority over rating ‘scales’? What actually is these
methods' scientific foundation?

Psychologists seek to establish rating ‘scales’ as a scientific method by means of psychometric modelling—
statistical analyses that scrutinise rating data for their utility to discriminate well and consistently between cases
(reliability) and in ways considered important (validity). To establish reliable and valid data sets and to analyse their
empirical structures, statistics have become essential. Accordingly, current debates about problematic research
practices (e.g., p-hacking, HARKing) and psychology's crises in replication, confidence, validation and generalisability
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(Andrade, 2021; Earp & Trafimow, 2015; Yarkoni, 2022) are focussed on data analysis (Uher, 2021d, 2022a, 2022b)—
as are proposals for tackling them (e.g., pre-registration, robust statistics; Nosek et al., 2015; Zwaan et al., 2017).

But psychology's problems go deeper. Large survey panels yielded problematic findings with popular ‘personality’
‘scales’. For example, rather than showing empirical interrelations, as required for psychometric ‘scales’, ratings on
Big Five items targeted at the same ‘personality’ construct (e.g., ‘gets nervous easily’ and [inversed keyed] ‘relaxed,
handles stress well’ for ‘neuroticism’) varied unsystematically, averaging zero across 25 countries. Instead of show-
ing meaningful congruence, factor structures differed substantially between student and general public samples,
between different age groups and between different countries. These findings challenge these ‘scales” reliability and
validity both within and across Western and non-Western countries (Condon et al., 2021; Hanel & Vione, 2016; Laajaj
et al.,, 2019; Ludeke & Larsen, 2017). So, what do rating ‘scales’ actually capture?

Applications of quantitative methods in psychology in themselves are increasingly questioned, such as regard-
ing their underlying epistemologies and measurement theories (Barrett, 2018; Buntins et al., 2016; Michell, 1999;
Tafreshi et al., 2016; Trendler, 2009, 2013; Uher, 2021c, 2022b; Westerman, 2014) or regarding the inadequacy of
sample-level statistics for individual-level explorations (Lamiell, 2019; Molenaar & Campbell, 2009; Richters, 2021).
Finally, psychology's neglected and insufficiently developed philosophical and theoretical foundations are identi-
fied as the root cause of its persistent crises (Danziger, 1985; Haig & Borsboom, 2008; Smedslund, 2016; Szollosi
et al., 2020; Teo, 2018; Toomela, 2018; Uher, 2021b; Valsiner, 2019).

This also concerns the philosophical and theoretical foundations of research methods, especially of those used
to generate data before these can be analysed (Uher, 2019, 2021a, 2022b; Valsiner, 2017; Wagoner & Valsiner, 2005).
Indeed, open and ‘meta-science’ initiatives focus on transparency in data analyses, such as in response coding and
transformation, construct operationalisation and validity, as well as in the statistical tests, coefficients and parame-
ters used (Flake & Fried, 2020; Hardwicke et al., 2022). But what about transparency in the ways in which the raw
data in themselves are being generated in the first place?

Psychologists specify for their rating ‘scales’ item wordings, answer formats (e.g., five-point agreement ‘scale’),
instructions for administration and scoring as well as psychometric properties of rating data thus-obtained. But rating
‘scales’ in themselves cannot produce any data. This is done by respondents! Instructions to the persons being asked
to complete rating ‘scales’ (raters), however, are often surprisingly vague (e.g., ‘there is no right answer’). Indeed,
colloquial wordings of rating ‘scales’ are regarded as sufficiently self-explanatory for enabling laypeople to generate
data for scientific studies. But how do raters actually understand and use such ‘scales’? What do they consider in their
ratings? How do they reach their overall quantitative judgements and decide which answer boxes to tick? Despite the
long-standing use of ratings and the identification of countless rater biases and various mental processes involved
(Podsakoff et al., 2003; Tourangeau et al., 2000), a general theory about quantitative data generation with rating
‘scales’ for the purposes of measurement has not yet been developed (caution: not to be confused with psychometric
modelling, see below; Uher, 2021c, 2021d).

1.2 | The present critical analyses and their conceptual foundation

This article presents an introductory overview of selected key problems in the epistemological and methodological
foundations of rating ‘scales’ that have been explored using the Transdisciplinary Philosophy-of-Science Paradigm for
Research on Individuals (TPS-Paradigm?; for brief summaries see Uher, 2018a, 2021b, pp. 219-222, 2022b, pp. 4-5).
It provides overarching philosophical, metatheoretical and methodological frameworks that coherently build upon
each other and into which established concepts from various disciplines have been systematically integrated and
complemented by novel ones. These involve in particular (1) concepts of psyche, behaviour, language and contexts
(e.g., Uher, 2013, 2016a, 2016b); (2) concepts and methodologies for taxonomising and comparing individual differ-
ences in various kinds of phenomena within and across populations (e.g., Uher, 2015a, 2015b, 2015c, 2015e,
2018b; Uher, Addessi, & Visalberghi, 2013), as well as (3) concepts and theories of data generation, quantification
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and measurement across the sciences (e.g., Uher, 2019, 2020b, 2022a) and in quantitative psychology and psycho-
metrics (e.g., Uher, 2018a, 2021c, 2021d, 2022b; Uher & Visalberghi, 2016; Uher, Werner, & Gosselt, 2013). The
TPS-Paradigm's frameworks therefore provide strong conceptual foundations for scrutinising rating ‘scales’ and the

common assumptions that they could enable psychological ‘measurement’ as will be shown now.

2 | RATING ‘SCALES’: EFFICIENT TOOLS ENABLING PSYCHOLOGICAL
‘MEASUREMENT"?

Like other empirical scientists, psychologists aim to explore their study phenomena by generating data about them,
analysing these data and drawing inferences from the results to their study phenomena. These aims are undisputed.
But their implementation in psychology is complicated.

2.1 | Psychology's key challenges

Conceptualising, analysing and interpreting are key scientific activities—and abilities of human minds. By studying
minds, psychologists explore the very means by which science is made. This has intricate implications that are often
overlooked. Four challenges are key.

2.1.1 | Challenge (1). Psychologists must clearly distinguish the study phenomena from the
means of their exploration—The psychical (mental) from the psychological

Science, unlike non-scientific knowledge generation, provides ways of thinking simultaneously about phenomena
and the means of producing knowledge about them. This requires (1) metatheory—philosophical and theoretical
assumptions about the study phenomena's nature and the questions we can ask about them—and (2) methodol-
ogy?—philosophical and theoretical assumptions about the ways that are suited for answering these questions
(approaches) and the therefore useable procedures, operations and techniques (methods; Althusser & Balibar, 1970;
Toomela, 2011).

Scientific activities like analysing, categorising and conceptualising are abilities of the human mind and empirical
research is, by definition, experience-based (from Greek empeiria for experience). Thus, when studying mind and
experience, psychologists' study phenomena are of the same kind as their means of exploring these phenomena.
This entails intricate challenges because it complicates the logical distinction between the phenomena under study
(e.g., experiences, intellectual abilities, beliefs) and the means for exploring these phenomena (e.g., terms, data, scien-
tific constructs). This requires that researchers critically reflect on and explicate their philosophical and theoretical
(pre)assumptions—and use a clear terminology. Terming the phenomena of the psyche® in themselves as ‘psychical’ (e.g.,
mental, experiential; caution: not to be mistaken for paranormal or spiritualist) and the means of their exploration as
‘psychological’ (from Greek logos for body of knowledge), as in many non-English languages,* reflect this vital distinc-
tion (Figure 1a; Lewin, 1936; Uher, 2016a). For example, a psychological problem is a professional problem of the
scientific discipline; a psychical problem is one of individuals' mental health. The frequent English-language use of
'psychological’ for both cannot make this distinction. Analogously, we get viral (not virological) infections but we do
virological research. Failure to make this important logical distinction of the psychical from the psychological—called
psychologists' cardinal error (Uher, 2022b)—is widely reflected in common psychological jargon and practices.

Without clear conceptual and terminological distinctions, psychologists are prone to conflate their means of
exploration with the phenomena being explored. This problem is most difficult to identify in research on psychical

phenomena, but it occurs in research on all study phenomena (e.g., behavioural and social phenomena), especially
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FIGURE 1 Distinction of the study phenomena from the means of their exploration: Relations to the basic
principles of data generation and measurement and its failed implementation in rating ‘scale’ methods. (a) A key
challenge for psychologists lies in the distinction of their study phenomena from their means of exploring these
phenomena. This distinction is particularly challenging with regard to the phenomena of the psyche. This requires
a precise terminology distinguishing the psychical (e.g., mental, experiential) from the psychological. The logical
distinction between study phenomena and study means underlies the (b) conceptual components of semiotic
systems like data as well as the key principles of data generation in general and of (c) measurement in particular.
By contrast, the (d) dual function of rating ‘scales’ blurs this crucial distinction, leading to the frequent conflation
of the study phenomena with the means of their exploration—psychologists’ cardinal error—such as during data
generation, analysis and interpretation.

in construct-based research. A construct is ‘a conceptual system that refers to a set of entities—the construct refer-
ents—that are regarded as meaningfully related in some ways or for some purpose although they actually never occur
all at once and that are therefore considered only on more abstract levels as a joint entity’ (Uher, 2022b, p. 14). Thus,
constructs do not exist as concrete entities in themselves; they are only thought of as entities—they are concep-
tual entities construed to efficiently refer to specific sets of referents. In everyday life and in science, we construe
constructs (e.g., ‘neuroticism’; ‘environment’, ‘peace’) about all kinds of phenomena (e.g., abiotic, biotic, psychical,
social, cultural) and we tend to mistake the constructs for the phenomena to which they refer. This construct-referent
conflation (Maraun & Gabriel, 2013) entails the erroneous practice of mistaking scientific constructs, thus the means
of exploration, for the phenomena to which they refer, thus the actual phenomena under study (e.g., ‘trait’ constructs
for the behavioural, emotional and cognitive phenomena to which they refer; Uher, 2013, 2022b). Similarly, the item
variables that researchers use to encode and analyse information about the study phenomena—the variables' refer-
ents (e.g., individuals' age, behaviours or beliefs)—are often interpreted as if they constituted these study phenomena

in themselves. This variable-referent conflation often occurs when the study phenomena (located in the individuals
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studied; e.g., age, behaviours or beliefs) and the item variables (located on spreadsheet and subjected to statistical
analysis) are both labelled as ‘variables’ (Danziger & Dzinas, 1997; Uher, 2021a, 2021c, 2021d).

Failure to logically distinguish the study phenomena from the study means entails the conflation of disparate
scientific activities, thereby making their distinction technically impossible and distorting scientific concepts and
procedures (Uher, 2022b). This is also related to and complicated by further challenges.

2.1.2 | Challenge (2). Psychologists cannot be independent of their objects of research

Psychologists are studying many phenomena that are important in everyday life and in individuals of (primarily)
their own kind. Psychologists start researching these only after having acquired, in their pre-academic lives, a
complex pertinent everyday psychology (Uher, 2011, 2013). Everyday knowledge and language are pre-structuring
researchers' minds (Danziger, 1997; Smedslund, 2016; Valsiner, 2012). Vague definitions and inconsistent use of key
terms and concepts in scientific psychology (e.g., ‘mind’, ‘behaviour’; Zagaria et al., 2020) may therefore derive from
researchers' intuitive reliance on their everyday psychology, leading to widespread jingle-jangle fallacies (same term
denotes different concepts, and vice versa; Uher, 2013, 2021b). In consequence, psychologists' own experiences—
as humans, members of particular communities, and as individuals—may (unintentionally) influence their scholarly
thinking (Danziger, 1997; Weber, 1949). This may entail anthropo-centric, ethno-centric and ego-centric (type-I
and type-lIl) biases, such as when researchers misattribute properties of their own ingroup to outgroups or ignore
outgroup properties uncommon in their ingroup (Uher, 2013, 2015b, 2015c¢, 2020a).

2.1.3 | Challenge (3). Psychology's study phenomena are heterogeneous and complex

Psychologists study complex and heterogenous phenomena occurring in all areas of human life (e.g., biotic, cognitive,
social, developmental, cultural-societal). Their systematic integration, made necessary by these phenomena's joint
occurrence in the single individual as psychology's basic unit of analysis, entails unparalleled challenges because
these phenomena require different epistemologies, approaches and methods of exploration (Uher, 2021b). Moreover,
human individuals are agents who subjectively interpret and reflect on their world. They act intentionally, memorise
and learn. This limits possibilities for controlled and identically repeated cause-effect experiments (Bandura, 1986;
Cabell & Valsiner, 2014; Fahrenberg, 2013; Rotter, 1954; Smedslund, 2002, 2004; Uher, 2021a).

Challenges also arise from the fact that psychologists explore many phenomena that are processes by nature
(e.g., experience, behaviour). At any given moment, only parts of a process exist. Processual phenomena can thus be
conceived only by generalising and abstracting from their occurrences over time—using abstract concepts, such as
constructs.® Conceptual abstraction allows us to filter information of complex phenomena and reduce their complexity
by emphasising some of their aspects and deemphasising others (Whitehead, 1929), depending on their ascribed
(inrelevance for a given meaning or purpose (e.g., social valence, prediction). As humans, we all intuitively construe
abstract ideas (constructs) to describe and predict regularities in our world. We try to integrate our personal (idiosyn-
cratic) and socially shared (folk) constructs and organise them at different levels of abstraction, thereby developing
construct hierarchies (Kelly, 1955). That is, constructs can refer also to other constructs representing their contents on
higher levels of abstraction (e.g., a construct ‘nervousness’ may refer to more specific constructs, such as ‘insecurity’,
‘alertness’ and ‘timidity’, each of these may refer to even more specific constructs etc., which eventually are related
to specific observable events, such as behaviours). This entails nested conceptual structures (symbolised by words)
in which more abstract constructs ‘inherit’ the meanings and referents from the various more specific constructs
that they comprise, leading to broad fields of meaning (Uher, 2021d, 2022b). When psychologists study people's
socially shared (folk) constructs of 'personality’ (Tellegen, 1993), they develop more complex and abstract scientific

constructs about these everyday constructs (Uher, 2013, 2015c, 2016a). That is, constructs are important means of
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exploration. But in some studies, constructs are the phenomena under study in themselves. This complicates the
distinction between these disparate elements of research—but, in a given study, the same construct logically cannot
be both. The Big Five ‘personality’ constructs, for example, are scientific constructs used to summarise people's
everyday constructs and should therefore not be confused with these latter (Uher, 2022b).

In sum, constructs contain complex conceptual structures and broad implicit fields of meaning, which are symbol-
ised by their linguistic labels. This is where language comes into play.

2.1.4 | Challenge (4). Language is essential for science but entails intricacies often
overlooked

Language is basic to human life—and to science. What cannot be described cannot be researched (Wittgenstein, 1922).
Language is so deeply engrained in everyday thinking that we easily overlook its inherently symbolic and composite
nature. However, what we write or say typically bears no inherent relations to the objects referred (e.g., resemblance?).
We can use written and spoken words (signifier; e.g., the phoneme [tri:] or the grapheme ‘TREE’) to refer to something
(referent; e.g., a tree outside) only through the meanings (signified; e.g., the idea of a woody plant) that we attribute
to both (Figure 1b). The representational function of signs thus arises from signifier-referent-meaning interrelations
that are only conceptual and established by sociocultural conventions (Danziger, 1997; Deutscher, 2006; Ogden &
Richards, 1923; Uher, 2015b, 2015d, 2016b, 2021a).

The semiotic function of human language allows us to turn—on mere conceptual levels—perceivable prop-
erties (e.g., white) into hypothetical objects (e.g., ‘whiteness’; Peirce, 1958/1902, CP 4.227). Through this purely
semiotic (sign-based) reification (objectification), we can make perceivable properties conceptually independent of
their embodied experience. These reified properties can then become objects of consideration in themselves (e.g.,
‘colour’) and can be linked to other perceptions, objects and meanings (e.g., ‘whiteness’ as socio-political category).
This allows us to mentally handle abstract ideas and to abstract them further. Hence, languages have words with
concrete referents as well as abstract words referring to ideas and concepts that are only distant from immediate
perception (Vygotsky, 1962) and that we cannot easily trace anymore to their formerly concrete references and
contexts (Deutscher, 2006). Words thus carry meanings that vary across time and contexts and that are drawn from
their logical connections with other words in a language's semantic space (e.g., visualised in semantic networks) and
in the given sentence(s) used (Arnulf et al., 2014; Neuman et al., 2012).

In consequence, psychologists must be wary of mistaking linguistic abstractions (e.g., ‘traits’) for concrete objects
(fallacy of misplaced concreteness; Whitehead, 1929), must carefully distinguish their study phenomena (e.g., psychi-
cal processes, everyday constructs) from their means of exploration (e.g., terms, scientific constructs; Figure 1a), and
consider that words' context-dependent fields of meaning make language-based methods inherently interpretative.

What does this mean for psychological ‘measurement’?

2.2 | Foundations of measurement across the sciences

Many psychical phenomena are accessible in others only through language (e.g., attitudes, intentions, feelings). The
idea to generate numerical data about them using well-structured verbal ‘scales’ therefore seemed to open up prom-
ising ways to capitalise on the precision and accuracy of quantitative data and their mathematical and statistical
analysis.

Common psychological interpretations of rating data reflect ideas, which—regardless of inevitable differences in
discipline-specific theories and practices—also underly metrological” frameworks of physical measurement. They can
be formulated as two criteria that characterise—on an abstract, general level as the most basic common denomina-

tors across sciences—a data generation process as measurement (Uher, 2020b, 2021c, 2021d, 2022a).
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2.2.1 | Criterion (1) Justified attribution of the results to the measurands

Measurement involves structured processes that justify the attribution of the generated results to
the measurands—the specific entities to be measured (Mari et al., 2017), such as individual A’s specific
length of its body height or right thumb or its specific speed in a 100m sprint at time point t,. This
ontological claim reflects that measurement is aimed at obtaining information about the measurands
and nothing else.

2.2.2 | Criterion (2) Public interpretability of the results' quantitative meaning

Measurement processes establish a shared understanding of the results' quantitative meaning with
regard to the measurands (Maul et al., 2019), such as how long exactly ‘6.2’ ‘cm’ of length is and
exactly how fast ‘37.58' ‘km/h’ is. This semiotic claim refers to the inherently symbolic function of
data—they can serve their purposes only if their meaning is unambiguous and made transparent.

These criteriainform two distinct yet interrelated methodological principles for establishing data generation processes
that enable measurement and for distinguishing them from other processes that do not (e.g., opinions, judgements).

2.2.3 | Principle (1) Data generation traceability: Establishing causal measurand-result
connections

For justified attributions, the entire data generation process—from the measurands (the specific enti-
ties to be measured, e.g., in an individual) up to the results assigned to them—must be fully transparent
and traceable. This requires operational structures, often implemented through measuring instruments,
that 1a) enable an empirical interaction with the measurand and 1b) establish proportional (quanti-
tative) relations between the measurand and the result assigned to it (Figure 1c). Given that many
measurands are accessible only indirectly, establishing causal measurand-result connections often
requires sequential empirical interactions between different properties, whereby the result of each
interaction step depends on the result of the previous, such as in indirect measurement. For example,
measuring an object’s weight with a spring scale involves stepwise connections of its specific mass
with >> gravity force >> length of spring deflection (each through physical laws) >> length of exten-
sion over measurement scale (through visual comparison) and the latter finally with >> the numeri-
cal values assigned as results (through semiotic encoding). Unbroken documented connection chains
allow a result to be traced, in the inverse direction, back to the measurand, thus making the entire data
generation process transparent and reproducible (Figure 2a; Uher, 2018a, 2020b).

2.2.4 | Principle (2) Numerical traceability: Establishing known quantity-result connections

But which quantity value should be assigned to a measurand and why? How do we know exactly how
long ‘1’ ‘meter’ is? We know this because, for physical properties, scientists 2a) agreed on (initially often
arbitrarily®) defined primary reference quantities (e.g., the prototype meter), which also define meas-
urement units (e.g., the ‘meter’), and they 2b) codified all established reference quantities and their
empirical interrelations (e.g., ‘1’ ‘meter’ = ‘39.3701’ ‘inch’). Moreover, to ensure that numerical results
have the same quantitative meaning across time and contexts (e.g., specific length of ‘1’ ‘meter’), scien-

tists 2c) empirically connected each primary quantity reference with all pertinent working references
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a) Measurement — Traceable processes of quantitative data generation
Data generation based on empirical connections with the measurand and a known quantity reference

<<< Data generation traceability <<<

Measurand (unknown mwww
quantity to be determined) Assignment
Comparison =—  Measurement result
Defined reference quantity WWW (e.g., ‘168’ ‘cm’)
(codified in measurement umt)

<<< Numerical traceability <<<

b) Psychometrics — Result-dependent data generation
Data generation aligned to statistical theories and desirable results

Unspecified Unstandardised Standardised format Psychometric results
study phenomena, data collection of data variables with desired properties

target properties and data values (e.g., item difficulty,
and measurands ’? | Iterative item item differentiality)

H : analysis and
i item select|on ———
o o ‘

Inferences back to individuals, study phenomena,
target properties and measurands are not possible

intuitive decisions I

FIGURE 2 Measurement versus psychometrics. (a) Measurement requires documented, unbroken chains of
connections that establish proportional (quantitative) relations of the results with both the measurand's unknown
quantity (e.g., person A's body height; principle of data generation traceability) and a known quantity reference (e.g.,
the international standard meter; principle of numerical traceability). Implemented in data generation processes,
these basic methodological principles enable (1) the justified attribution of the results to the measurands (e.g.,
person A's body height) and (2) the public interpretability of the numerical result's quantitative meaning (e.g., how
tall that is)—the two most basic criteria of measurement considered across the sciences. (b) In psychometrics,

by contrast, item analysis and selection are used to develop instruments enabling the generation of data that
differentiate well and consistently between cases (discrimination and reliability) and in ways considered important
(validity). These between-individual analyses are necessary to first create quantitative meaning for rating scores
that are, given the numerical recoding of verbal answer categories, devoid of information regarding the specific
target properties, measurands and particular quantities to which they refer.

Raters’ unknown

that are used for measurement execution (e.g., desk rulers) through world-wide networks of unbroken
documented calibration? chains. These networks allow a result to be traced, in the inverse direction,
back to a conventionally agreed and defined quantity reference, thus making the result’s quantitative
meaning transparent and publicly interpretable (Figure 2a). Notwithstanding inevitable and necessary
differences, conventionally agreed quantitative meanings are also established in psychology, such as
in time-based measurements of behavioural performances, physiological measurements and counts of

test responses of defined correctness (e.g., in attention or achievement tests; Uher, 2021a).

These two methodological principles guide—on an abstract, general level—the necessary adaptations to the
peculiarities of the disciplines' different study phenomena (which must consider further key elements of measure-
ment, e.g., uncertainty and error; Giordani & Mari, 2014). Their implementation in discipline-specific theories and

practices allows the generated results to be traced back to both (1) the measurands and (2) the quantity references
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used to determine the numerical values to be conventionally assigned to them, thereby making the entire measure-
ment process and the results' quantitative meaning transparent and reproducible (Figure 2a; Uher, 2018a, 2020b,
2021d, 2022a).

In psychology, however, these principles are largely unknown. Although fundamental to measurement, most
psychologists seem to be unfamiliar with the concept of the measurand. Indeed, psychologists rarely ever define
the entities that they aim to measure in their studies as well as the quantities that they state to have ‘measured’
and indicated by the numerical values assigned during data generation. This highlights fundamental differences
between measurement and psychologists' common practices for generating quantitative data with rating methods

as illustrated now.

2.3 | What—Or who—Is the rating instrument interacting with the study phenomena?

Psychologists consider rating ‘scales’ as ‘measuring’ instruments that enable interactions with the study phenom-
ena as well as standardised scoring. Yet it is the raters who must understand the verbal ‘scales’, use the mean-
ings that these ‘scales’ have for them to identify specific relevant phenomena, and who must interact with these
phenomena to generate data about them. That is, rating instruments inherently rely on human abilities, whereas
technical instruments are designed to reduce human involvement in measurement processes (Uher, 2018a, 2019,
2020Db).

The notion of rating ‘scales’ as ‘measuring’ instruments shifted psychologists' focus away from the persons inter-
acting with both the verbal ‘scales’ and the study phenomena. Instead, psychologists' efforts for ‘instrument develop-
ment’ are centred on the psychometric properties of the data that can be produced with rating ‘scales’, whereas the
complex interactions executed by raters to generate these data in the first place remained largely unexplored. This

also led psychologists to overlook serious methodological problems.

2.4 | The dual function of rating ‘scales’ masks key elements of measurement

Rating ‘scales’ serve two purposes. (1) They describe the phenomena and properties of interest (e.g., specific behav-
iours and their intensity; located in individuals). At the same time, (2) rating items and answer categories also serve
as data variables and values (located on spreadsheet). That is, rating ‘scales’ function as both (1) description of the
empirical study system and (2) symbolic study system used to explore that empirical system. This dual function may
seem efficient, but it masks the crucial distinction between study phenomena and the means of exploration, thereby
promoting their frequent conflation (psychologists' cardinal error; Figure 1d) and blurring disparate research activities
(e.g., the definition of study phenomena with their empirical investigation; Uher, 2018a, 2021d, 2021c, 2022b).

This also obscures key elements of data generation, especially of measurement. Data'® are sign systems that
scientists use to encode information about their study phenomena. As signs, data can be stored, manipulated, decom-
posed and recomposed, thus analysed in lieu of the actual study phenomena and in ways not feasible for these
phenomena in themselves. But inferences from the results back to the study phenomena can be made only if the
data systems appropriately reflect relevant properties of these phenomena. This presupposes that the processes by
which information from the empirical phenomena is encoded into the data—that is, by which measurands are causally
connected with the results—are made transparent, reproducible, and thus traceable (Uher, 2020b).

Researchers must therefore specify (1) the system of the empirical phenomena studied (e.g., the specific behav-
jours studied), (2) the symbolic study system used to encode and analyse information about the empirical study
system (e.g., the specific variables and values on spreadsheet), as well as (3) determinative assignment relations
between these two study systems so that the same symbol always encodes the same information about the elements

of the empirical study system (e.g., during observation). Put in semiotic terms, researchers must specify for their
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data systems (1) the referents, (2) the signifiers and (3) the meanings attributed to and thus linking the two former
(Figure 1b; Uher, 2018a, 2021a).

This idea also underlies representational theory of measurement, developed in the social sciences (Krantz
et al., 1971). It formalises, in representation theorems, axiomatic conditions for the mapping relations between the
empirical and the symbolic relational system. Axiomatic conditions for the permissible transformations of the symbolic
relational system without breaking its relations to the empirical relational system are formulated in uniqueness theo-
rems (Vessonen, 2017). Psychologists are well-familiar with uniqueness theorems (e.g., for selecting statistical tests
that are appropriate for given data types). But they often overlook (e.g., Borsboom & Mellenbergh, 2004) that explicit
representation theorems are essential first steps?! for implementing data generation traceability and numerical trace-
ability in measurement processes (Uher, 2018a, 2020b, 2021c, 2021d). This methodological necessity is obscured
by the dual function of rating ‘scales’, which entails that researchers specify neither the empirical nor the symbolic
system nor, in consequence, the assignment relations between them (Figure 1d). This important task is left to raters.

2.5 | Intricate demands imposed on raters

Raters must, first, interpret the rating items and answer categories to identify relevant phenomena to be judged (e.g.,
specific behaviours) and the kind of grading enquired (e.g., frequencies, agreement). To rate how a person typically ‘is’
(e.g., in ‘personality’ ratings) or how intensely a feeling is perceived at a specific moment (e.g., in ‘momentary’ ratings),
raters must also identify suitable references for comparison (e.g., other occasions). They must draw all this informa-
tion from the rating instruments' colloquial wordings using their common-sense knowledge. How do raters do this?

Common-sense categories are often fuzzy and context-sensitive with flexible boundaries (Hammersley, 2013).
Colloquially worded rating items (e.g., ‘gets nervous easily’) can therefore refer to broad ranges of phenomena, indi-
viduals and context, without specifying any particular ones. This contrasts with behavioural measurement, in which
specific, physically described and situationally located behavioural acts (e.g., fidgeting, finger-tapping) are recorded
in their occurrences over time (e.g., durations, frequencies). Ratings go far beyond this and typically enquire about
an individual's intentions, abilities, feelings, etc., which can be inferred from behaviours but are not contained in
behaviours themselves. Most behaviours are inherently ambiguous because they simultaneously possess various
features and can therefore evoke different meanings (Shweder, 1977).

Meanings do not exist in themselves but always for someone. Therefore, meanings can be constructed from many
possible interpretive viewpoints explaining behaviours, for example, by reference to intentions, goals, rules, situa-
tions or person characteristics (‘traits’). Each of these interpretive perspectives follows logical principles (Kelly, 1955;
Smedslund, 2002, 2004). But which particular perspective a person considers at any given moment is never logically
determined by a behaviour itself (Shweder, 1977).

Fields of meaning that prove to be viable for ‘reading’ individuals' behaviour in everyday life become anchored in
people's personal and socially shared everyday concepts (Kelly, 1955). Common-sense constructs that are viable for
predicting and controlling individual behaviours—thus for differentiating individuals and establishing normativity—
become encoded in person-descriptive everyday words'? (Klages, 1926). More abstract words cover more diverse
interpretive perspectives and have larger networks of logical connections with other words in a language's semantic
space. Colloquially worded rating items therefore reflect whole networks of conventionally established meaning rela-
tions and interpretive possibilities and are thus inherently inferential (Arnulf et al., 2014; Block, 2010; Rosenbaum &
Valsiner, 2011; Shweder & D’Andrade, 1980; Smedslund, 2002).

In consequence, raters must use their semantic knowledge and decide which particular item meanings to
construct for a given rating. From this, raters must decide which behaviours and which of their possible interpreta-
tions to consider in order to infer specific phenomena to be judged (Figure 1d). Ratings often require raters to implic-
itly compare occurrences of the target phenomena between individuals and over time (e.g., ‘personality’ ratings). Past

experiences, however, are memorised only in abstracted and conceptually integrated forms (Valsiner, 2012). Thus,
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raters must also use the beliefs and ideas that they have developed about the target phenomena in general. This
explains why ratings can be made on demand and even in absence of the target phenomena (e.g., habitual—i.e., past—
behaviours), thus retrospectively (Uher, 2016a). This is impossible for measurement because it requires an empirical
interaction with the measurand (the entity to be measured), which therefore cannot be absent during data generation
(Uher, 2019).

Hence, considerable demands are placed on raters. This may explain their frequent use of mental shortcuts, such
as by relying on semantic similarity, common stereotypes or answer tendencies (Arnulf et al., 2014; Shweder, 1977,
Uher, 2018a; Uher, Werner, & Gosselt, 2013; Wood et al., 2012), which entail countless well-described rater biases
(Podsakoff et al., 2003; Tourangeau et al., 2000).

2.6 | Variations in item interpretation preclude traceability

Many ‘personality’ researchers regard the socially shared fields of meaning of broadly worded rating items (e.g.,
trait-adjectives like ‘nervous’) as useful for covering more diverse aspects of their constructs and for predicting
broader ranges of behaviours though less specifically (known as fidelity-bandwidth trade-off in personality psychol-
ogy; Borkenau & Miiller, 1991). Figure 3, for example, depicts the disparate meanings that 112 raters construed
in their interpretations (in open answer format) of the item ‘gets nervous easily’, operationalizing ‘neuroticism’ in a
popular ‘personality’ inventory (BFI-10%%; Uher & Dharyial, unpublished). Such broad fields of meaning reflect the
viability of raters' collective knowledge for predicting behaviours for everyday purposes and are therefore useful for
the sample-level analyses prevailing in psychology. However, raters' collectively considered field of meaning need not
be congruent with that intended by researchers, even if all reliability and validity criteria are fulfilled (see, e.g., Arnulf
et al.,, 2020; Uher & Visalberghi, 2016).

Insecure self: worry, Body language: fidgeting,
seek reassurance, low agitated, high-pitched voice,
self-confidence, low self- stuttering, blushing, averted
esteem, overly self- eye contact 58.4%

critical, apologetic 27.4% /

N

gets nervous
very easily Performance related:
avoidance behaviours,
cautious approach,
lower performance,
patience, perfectionism,
routine loving  39.8%

Stressed in
ordinary and new
situations 13.3%

Not sociable: Poor social and
communication skills, reduced
social behaviours skills 15.9%

(N =112)

FIGURE 3 Ratingitems: Broad semantic fields of meaning. Field of meaning of the item ‘gets nervous easily’,
operationalising the ‘personality’ construct ‘Neuroticism’ in the BFI-10. The field is illustrated through the main
themes that N = 112 raters mentioned in their open-ended item interpretations that they provided in terms of
the behaviours that a fictitious target person scoring high on the item (indicated by ‘very’) would typically show.
Percentages indicate the proportions of raters providing interpretations pertinent to a given theme (multiple
nominations per person possible).
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Yet for measurement, the interpretive flexibility of language entails serious problems. Not only can one and the
same rating item always be interpreted differently—but also, for any given rating, each rater does not consider an
item's entire field of all semantically possible meanings. Raters construe only specific meanings depending on the
specific contexts they consider and raters differ in which ones they consider, both within and between individuals
(Shweder, 1977; Smedslund, 2004; Uher, 2018a). For example, by considering the meaning of the item ‘gets nervous
easily’ (Figure 3) as related to either body language, performance, self-concept or sociality; some raters may focus
on fidgeting, others on perfectionistic behaviours and still others on reassurance seeking or communication skills.
Different item interpretations entail that raters encode information about different empirical phenomena into the
same symbolic element, making the ratings that are generated for the same item incomparable with one another
(Figure 1d). These many-to-one assignment relations also preclude that the generated data can be traced back and
thus be attributed to the measurands that raters may have considered—as this is required for measurement. The
problems do not stop here; flexibly interpretable items also obscure the necessity to specify what is to be measured

at all.

2.7 | Psychologists' neglect of the study properties and measurands

Psychologists' focus on colloquially worded items, enabling the efficient collection of overall judgements about a
broad range of phenomena, led them to overlook that measurement requires specification of both the particular
properties under study and the specific entities that are to be quantified—the measurands. So, what actually is it that
psychologists aim to ‘measure'?

The frequent yet erroneous interpretation of constructs as concrete real entities (reification), the equation of
constructs with their referents (construct-referent conflation) and the common jargon of ‘measuring constructs’
led psychologists to overlook that constructs are abstract conceptual systems. Constructs are conceptual entities,
which, consequently, cannot be measured in themselves. Inferential rating items like ‘nervous’ refer to sets of vari-
ous concrete phenomena (see Figure 3) and thus describe abstract conceptual entities in themselves (Uher, 2018b).
Common jargon (e.g., ‘measuring behaviour’) and the focus on verbal descriptions of the study phenomena in rating
‘scales’ also led psychologists to overlook that phenomena (and objects)—in themselves—cannot be measured either.
From observational methods it is well-known that only specific behavioural acts shown by a specific individual at a
particular time and place can be measured (e.g., individual A's sprint at time t,), for example, regarding their tempo-
ral (e.g., duration) or spatial properties (e.g., length). Thus, researchers must specify which of the various properties
that a phenomenon may feature they want to study (e.g., a specific gesture's spatial extension, execution speed
or frequency of occurrence) and which of the various entities of the given target property that a phenomenon may
feature—the measurand—they want to measure (e.g., the gesture's horizontal or vertical spatial extension shown by
person P, at time t,; Allevard et al., 2005).

In rating ‘scales’, the property to be quantified is often indicated in the answer categories. This may apply to
frequency ‘scales’ but what about the popular agreement (Likert) ‘scales’? Can agreement reasonably be assumed
to reflect quantities of phenomena as diverse as those subsumed as ‘neuroticism’, ‘extraversion’ and ‘happiness’? Or
does agreement not rather form part of the judgement process itself? Indeed, statistical findings are commonly not
interpreted as reflecting raters' levels of agreement, as enquired during data generation, but instead as quantification
results of the diverse phenomena in themselves that are described in the items (Uher, 2022a). This corresponds to
re-interpreting a measurement result of, for example, length at will into one of mass, temperature or time—a practice
that would never go unchallenged but that, in lack of specified study properties, goes undetected in psychology.

Further problems derive from the kinds of ‘scales’ used in rating methods.
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2.8 | Assigning graded judgements flexibly to a one-size-fits-all ‘scale’

Raters must form and indicate their overall judgement using a bounded set of (mostly) verbal answer categories indi-
cating staged degrees of the grading enquired (e.g., frequencies). These answer categories are commonly worded in
abstract and general ways (e.g., ‘seldom’, ‘sometimes’, ‘often’) to enable applications to a broad range of phenomena
and contexts. Raters must interpret these categories' meaning with regard to the specific item meaning and thus
the specific phenomena, properties and measurands that they may consider in a rating. But how often is ‘often’
for a behaviour to occur given that occurrence rates generally vary between behaviours and across situations (e.g.,
talking vs. shouting; Uher, 2015a)? Regardless of the different phenomena that raters may consider for an item and
that researchers enquire in different items, raters must always fit their judgements into the same set of answer cate-
gories provided in a rating ‘scale’. That is, they must assign a broad range of quantitative information flexibly to a
fixed, narrow range of values (e.g., five). This means, raters must adapt their judgements to the ‘scale’ rather than to the
phenomena to be judged—and they can do so only by constructing different quantitative meanings for the same ‘scale’
category. This fundamentally contradicts the idea of measurement as enabling the accurate and reliable determina-
tion of quantities. Physical measurement scale units therefore have unchangeable quantitative meanings and perti-
nent values can be assigned to measurands without upper limits (Uher, 2022a).

To fit their judgements into the narrow bounded answer ‘scale’, raters sometimes—but not always—seem to
intuitively weigh the study phenomena's observed occurrences against their presumed typical occurrence rates in
given contexts (e.g., social groups), leading to well-known reference group effects (Heine et al., 2002; Uher, 2015a3;
Uher & Visalberghi, 2016; Uher, Werner, & Gosselt, 2013; Wood et al., 2012). Occurrences of individual behav-
iours are highly complex on all levels of consideration. Individuals differ in how they tend to behave in different
situations (individual-specific situation-behaviour profiles) and in which behaviours of similar function (e.g., various
aggressive acts) they tend to show in similar contexts (e.g., individual-specific response profiles). On the sample level,
cross-situational and internal consistencies of variables encoding behaviours are therefore often only low to moder-
ate (Asendorpf, 1988; Mischel et al., 2002; Uher, Addessi, & Visalberghi, 2013; Uher et al., 2008).

Our abilities to accurately track such complex occurrences are generally limited; therefore, raters may base their
judgements more strongly on similarity in the behaviours' meanings (Shweder, 1977). But semantically guided judge-
ments and the necessary flexible assignments can distort and even inverse quantitative relations (e.g., talking ‘some-
times’ may actually refer to more frequent occurrences than shouting ‘often’), thereby introducing complex shifts in
the quantitative meaning of the data produced (Uher, 2015a, 2022a; Uher, Werner, & Gosselt, 2013). Indeed, raters
report very different reasons for choosing rating ‘scale’ boxes, which are often rather trivial and not even quantitative
at all (Uher, 2018a), resulting in many-to-one and one-to-many relations with the ‘scale’ categories provided. Hence,
raters interpret and use rating ‘scales’ not in standardised ways, as often assumed, but flexibly—as semantically and
logically required. This entails, however, that the same result does not reflect the same information (Uher, 20183,
2022a). Measurement, by contrast, requires determinative one-to-one assignments that encode the same quantities
(e.g., same lengths) always in the same symbols so that results always represent the same quantitative information
regarding the property studied. Thus, the symbolic study system must be mapped onto the empirical study system
such that the created numerical structures appropriately represent the empirical structures observed (Figure 1b-1d;
Ellis, 1966; Tal, 2020; Uher, 2018a). These fundamental differences in data generation with rating ‘scales’ versus

measurement scales are also linked to different meanings of the term ‘scale’.

2.9 | What actually is a ‘scale’?

Psychological ‘scales’ are commonly referred to Stevens' (1946) four categories of variables (e.g., nominal, ordinal
or interval) indicating that their numerical values represent information of different complexity (e.g., categorical or

sequence information without or with equal intervals). These conceptual properties form part of the symbolic (data)

8518017 SUOLULOD SIS0 3(cedt|dde 8Ly A peusenob ae Sa il YO ‘88N JO S3|ni Joj Areiq18UIUO AB]IA UO (SUORIPUOO-PL-SWLBILI0D" A3 1M AReaq1 Ul jUO//Sty) SUORIPUOD pue swie | 81 89S *[£202/50/0] Uo Areiqiauljuo A8|IM ‘1881 Aq Ov2ZT €9dS/TTTT 0T /I0p/LI0D A3 1M Ateiq iUl ju0'ssedwioo//sdny Wwoiy pepeojumod 'S ‘€202 ‘006TSLT



UHER WI LEY 15 of 27

system and determine the permissible transformations during data analysis that maintain its mapping relations with
the empirical study system (thus determining the statistical tests applicable). This presupposes, however, that—during
data generation—appropriate mapping relations have first been set up through traceable empirical connections that
establish proportional (quantitative) relations between the measurand, a known quantity and the result (Figure 2a).
To achieve this, measurement scales have four different methodological functions. They serve as (1) instruments
enabling empirical interactions with the measurand (e.g., weighing scale), and specify the (2) structural data format
(e.g., numerical value plus measurement unit), the (3) conceptual data format ascribed to these structures (e.g., ratio
scale) and the (4) conventionally agreed reference quantity used (e.g., kilogram scale). These four different functions
are necessary at different stages of the measurement process and are therefore not interchangeable (Uher, 2022a).
With rating ‘scales’, however, psychologists only implement a particular data format (e.g., variables with five possible
values) and ascribe to these data particular conceptual properties (e.g., ordinality). But this neither enables the neces-
sary empirical interaction with the measurand (data generation traceability) nor does it specify a reference quantity
or at least the target property measured. These specifications, however, are necessary to determine the specific

numerical value to be assigned as well as its quantitative meaning (numerical traceability).

2.10 | Numerical data need not have quantitative meaning

In rating methods, numerical data are created by recoding verbal answer categories into numerals* (e.g., ‘1, ‘2’, ‘3,
‘4’ ‘5", response coding). Numerals are commonly interpreted as numbers; but they are not the same. Numerals (e.g.,
'5' 'V, ‘@’) are signifiers that are often used to mean numbers but that can also have other meanings (e.g., alphabetic
letters, categories). Signifiers are invented and therefore vary arbitrarily as illustrated in Table 1, which shows the
same data set in Arabic, Roman and Tamil numerals. Persons who are regularly using Arabic numerals to indicate
numbers may readily ascribe to these numerals quantitative properties but may hesitate to do so when the same
numerical data are depicted in the less familiar Roman and Tamil numerals. But these as well can have quantitative
meanings—as much as all three types of numerals can be assigned just categorical, thus non-quantitative meanings.

By taking numerals for numbers (numeral-number conflation), psychologists ascribe to their numerically recoded
rating data quantitative meanings (Uher, 2021c, 2021d). Quantities are divisible properties of the same kind, thus of
the same quality (Hartmann, 1964), which feature particular testable relations (e.g., 2 < 3 < 4) as specified in the axioms
of quantity (e.g., equality, ordering, additivity; e.g., Barrett, 2003). Considering here just ordinal values for agreement
‘scales’, one could certainly say that ‘strongly agree’ (‘5’) indicates more agreement than ‘agree’ (‘4’). But could ‘agree’ (‘4’)

TABLE 1 Dataspreadsheet with Arabic, Roman and Tamil numerals.

Numerals Arabic Roman Tamil
Persons | P. Py | Pe| Pi|Pa |Py | Pc|Pa|Pa|Py|P:| Pa
Variables
Va 5 3 4|V |1 |IV|@G|lm|s&|&
Vs 4 4 1213 |IVIIV|ITT| T |ea|lo |k
Ve 3 203 |5 || 0| v|im|e |m|®
Va 5 321y vimno|ll | @|m|e|&

Note: Various signs that can all have quantitative meanings but that are indicated with different signifiers—here Arabic,
Roman and Tamil numerals. Habitual use can mislead to readily interpret particular numerals (e.g., Arabic numerals) only
as numbers although they can also have just categorical meanings. Less familiar types of numerals (e.g., Roman and Tamil
numerals) make this more directly apparent.
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reflect more agreement than ‘neither agree nor disagree’ (‘3’), often chosen to indicate ‘inapplicable’ (Uher, 2018a)? Does
‘agree’ (‘4’) really reflect more agreement than ‘disagree’ (‘'2')—or are agreeing and disagreeing with something not funda-
mentally different ideas? Semantically, two different qualities can be easily merged into one conceptual dimension (e.g.,
semantic differentials; Snider & Osgood, 1969). But what divisible properties could we identify in abstract concepts (e.g.,
‘nervousness’) that refer to different phenomena each featuring qualitatively different properties (see Figure 3) as well as
different quantities (e.g., intensities, frequencies, durations)? Rating scores are also often aggregated across items. But
could answering 1x ‘agree’ (‘2') and 1x ‘disagree’ (‘4’), thus, having a split opinion or inversed item interpretation, indicate
(roughly) the same agreement (averaging ‘3’) like answering 2x ‘neither agree nor disagree’ (‘3’), thus having ‘no opinion’?
The logico-semantic meanings of verbal answer categories—even if just ordinally conceived—are obviously discordant
with the quantitative meanings that are commonly ascribed to their numerically recoded values (Uher, 2022a).

2.11 | Psychometrics: Adjusting data to statistical theories rather than to the study
phenomena and properties

When scoring responses, psychologists actually do not assign numerical values in relation to a scale as is done in
measurement. In measurement, the unit indicates a defined reference quantity (e.g., ‘1’ ‘cm’ of length) that is used
to determine the measurand's still unknown quantity (e.g., ‘3 cm’), which must therefore be of the same property as
the reference quantity used (e.g., of length). Instead, in rating ‘scales’ psychologists replace the verbal answer ‘units’
in themselves with numerals, thereby creating ‘scores’ that are devoid of information regarding both the specific prop-
erty studied (e.g., ‘3’ of what—agreement, intensity, frequency or duration?) and the specific quantity of that property
that these numerals are meant to indicate (e.g., how much of that is ‘3'?).

For such scores, quantitative meaning can be created only through between-case comparisons. Sample-level
statistics are therefore necessary to first create quantitative meaning for numerically scored ratings (Uher, 2022b).
But this approach fails if all cases score the same—a first indication of fundamental problems. Indeed, in lack of tracea-
ble connections between measurand, result and a known quantity, it means comparing scores with unknown quantity
information in order to create quantitative meaning for them—a truly Miinchhausenian'® effort. In measurement, by
contrast, the measurand's unknown quantity (e.g., person A's body height) is compared with that of a known reference
quantity (e.g., the standard meter unit), which establishes the numerical result's quantitative meaning (e.g., how tall
that is) and ensures its public interpretability (numerical traceability; Figure 2a; Uher, 2021d, 2021a, 2022a, 2022b).

To enable between-case comparisons, psychometricians develop instruments, such as rating ‘scales’, that
allow the generation of data that differentiate well and consistently between cases (see e.g., Bandalos, 2018). This
result-dependent data generation, however, aligns data generation and results to statistical criteria and theories rather
than to the actual phenomena and properties studied (Figure 2b; Uher, 2021d). This psychometric practice has vari-
ous serious implications that are still hardly considered. Only a few can be outlined here.

Inter-rater and internal reliabilities, for example, concern relations of between-case score differences between
raters or between different variables on the sample level.'¢ But these relations provide evidence of consistency
neither in these scores' assignment to the measurands (data generation traceability) nor in the scores' proportional
relations to known quantities—thus, in their quantitative meaning (numerical traceability) as required for measure-
ment. This precludes these scores' quantitative interpretation and their justified attribution to the measurands as
implied by the common jargon about ‘rater accuracy’ (Biesanz & Human, 2010; Kenny, 1991) or ‘instrument validity’
(‘ability to measure what it purports to measure’; Kelley, 1927). In metrology, by contrast, measurement accuracy
denotes how closely the determined value agrees with the measurand's true quantity value (e.g., a person's true core
body temperature); measurement precision denotes closeness between values obtained in replicate measurements
(e.g., temperature determined using the same and different thermometers; JCGM200:2012, 2012).

Measurement accuracy and precision thus concern the relations of results that can be generated for the same
measurand of the same property. Psychological reliability concepts—theoretically—also concern relations between

observed and (hypothetical) true scores or relations between repeated assessments. But they are compromised by the
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FIGURE 4 Sample-level statistics is not measurement. Psychological reliability and validity concepts and the
therefore applied sample-level statistics concern relations between scores obtained for different individuals, thus
different measurands, studied in often different phenomena with different properties (as intuitively considered

by raters). Hence, they study relations between different qualities, whereas measurement is about capturing
quantitative (divisible) properties of one specific quality. Moreover, sample-level results (e.g., effect sizes,
correlations) are abstract parameters describing sample-level properties. They can reveal information about neither
each given measurand's quantity (e.g., single individual's body height) nor about the quantitative meaning that

the numerical result may have for the property studied (e.g., how tall is ‘168 cm’?). This precludes (1) the justified
attribution of the results to the measurands (e.g., single individuals' body height) and (2) the public interpretability
of the results' quantitative meaning—the two most basic criteria of measurement.

lack of causal measurand-result relations and the necessity of sample-level statistics for generating the scores' quanti-
tative meaning, which analyse relations between scores obtained for different individuals and thus necessarily different
measurands. Internal reliability and validity of rating ‘scales’, additionally, concern relations of scores obtained for different
items and different constructs describing different phenomena with different properties (Figure 4; Uher, 2021c, 2021d).
Indeed, psychological validity theories are about how particular study phenomena—such as those described as ‘getting
nervous easily’ (Figure 2)—are related to other phenomena that are considered to be meaningfully related—such as those
described as ‘relaxed, handling stress well’, used to study the internal validity of the BFI-10 ‘neuroticism’ ‘scale’, or to later
mental health problems that may be used to study its predictive validity. Hence, psychological validity concepts are about
capturing relations between different qualities, whereas measurement is about capturing quantitative (divisible) properties
of one specific quality (e.g., temperature). Consequently, summarising results obtained for different construct indicators'’
(even if these are results of measurement; e.g., durations of different behavioural acts) into construct indices (e.g., ‘nerv-
ousness’ index) constitutes not a step of measurement but one of (statistical) data modelling (Uher, 2020b, 2022b).
Psychologists' widespread use of sample-level statistics for studying individuals is based on the assumption

that inter-individual and intra-individual variations are structurally identical (isomorph). Such isomorph structures
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are a property of stochastic processes and dynamic systems, called ergodicity, that fits all invariant phenom-
ena (e.g., of non-living matter). But in phenomena undergoing change and development, such as those studied
in psychology, ergodicity does not apply (Molenaar, 2008; Molenaar & Campbell, 2009; Valsiner, 2014). Thus,
when assuming that within-individual structures could be explored by analysing between-individual structures,
psychologists commit the ergodic fallacy (Speelman & McGann, 2020; van Geert, 2011). Prominent examples
are the widespread equation of individual differences with ‘personality’ (Lamiell, 2013; Uher, 2018c) and the
pervasive use of variable-oriented approaches (analysing score distributions across individuals from the view-
point of single or multiple variables; Bergman & Trost, 2006; Stern, 1911) for studying individual functioning
and development. But given ergodicity, sample-level findings can be generalised to individuals only if a) each
individual obeys the same statistical model (homogeneity assumption) and if b) the statistical properties (e.g.,
factor loadings) are the same over time (stationarity assumption). These conditions, however, are rarely met in
psychology (Molenaar, 2004; Molenaar & Campbell, 2009; Richters, 2021; Salvatore & Valsiner, 2010). Indeed,
the idea that all individuals are the same (homogeneity assumption) fundamentally contradicts the concept of
‘personality’ (Uher, 2022b).

Numerical results obtained from sample-level analyses (e.g., correlations, effect sizes; Anvari & Lakens, 2021)
may have well-established quantitative meanings in statistics. For example, effect sizes quantify the overlap
between two groups' score distributions, such as men's and women's body height (e.g., Cohen's d = 0.3 corre-
sponds to a Rom's non-overlap index of 11.92%; Rom & Hwang, 1996). But statistical scores are abstract parame-
ters that describe distributions patterns in the sample and therefore inform neither about each given measurand's
quantity (e.g., the single individuals' body height—data generation traceability) nor about the meaning of the
particular quantity determined for a given measurand (e.g., how tall that is—numerical traceability; see Figure 4).
This example of physical properties is obvious. But it highlights important points that are obscured in psychology
by the lack of specified measurands and target properties and by the creation of numerical rating scores devoid
of quantitative meaning regarding the property studied. Statistics neither is measurement (Fisher, 2009) nor is it
therefore necessary. Measurement has been successful long before statistics was developed (Abran et al., 2012).
Psychologists' reliance on sample-level statistics for the purposes of quantification is another key difference to
measurement.

Some advocate fora ‘soft’ or ‘wide’ definition of measurement in psychology an social sciences (Finkelstein, 2003;
Mari, 2013). Indeed, the level of measurement accuracy and precision, as necessary for sciences like physics, chem-
istry and medicine where errors can lead to the collapse of buildings, chemical explosions or drug overdoses, is not
necessary for psychology. And yet, psychologists themselves often draw explicit analogies to physical measure-
ment (e.g., in conjoint or Rasch measurement; Trendler, 2019, 2022; Uher, 2021c) and interpret even minor differ-
ences as meaningful. For example, in some countries, decisions on the death penalty for offenders partly rest on
psychometrically determined 1Q scores expressed to two-decimal place precision (Barrett, 2018)—although these
are not results of accurate measurement but only pragmatic quantifications (Uher, 2021c) that require adjustment
to be meaningful (Flynn, 2012; Young et al., 2007). It is only a matter of time before psychometric scores will
be challenged in courts, like forensic psychologists' and psychiatrists' diagnostic practices before (Barrett, 2018;
Faust, 2012).

Labelling different procedures uniformly as ‘measurement’ invites jingle fallacies (same term, different concepts)
and misleads decision makers about the obtained scores' quantitative meaning and their justified attribution to the
measurands (e.g., in individuals). Changing the definition of a key scientific activity cannot establish its comparability
across sciences—it only undermines it (Uher, 2020b). Measurement is not just any activity for creating numerical
data but involves structured documented processes that justify the high public trust placed in it (Abran et al., 2012;
Porter, 1995). The principles of data generation traceability and numerical traceability provide guiding principles that
specify—on the general methodological level—how measurement processes can be implemented in comparable ways
in different sciences and be adapted to their study phenomena's peculiarities. These principles may also highlight
inevitable limitations (Uher, 2020b, 2022a, 2022b).
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3 | SO, WHAT IS WRONG WITH RATING ‘SCALES™?

The alleged advantages of rating ‘scales’ for enabling efficient ‘measurement’ of psychical and behavioural phenom-
ena using laypeople's judgements of brief everyday descriptions on one-size-fits-all ‘scales’ are also their greatest
epistemological and methodological weaknesses. Ratings inherently rely on complex internal processes accessible
only to raters. Unlike introspective methods, however, respondents are not given time to explore and explicate
their experiences and interpretations of concrete events in the here and now. Instead, raters can reflect about the
described phenomena only in abbreviated and decontextualised form and must intuitively make abstract, semantic
and retrospective interpretations that remain unknown (Uher, 2016a; Valsiner, 2017).

Language is essential for psychological investigation, but its intricacies are often overlooked. The ease of reword-
ing verbal materials to express any conceivable idea in various ways mislead many psychologists to assume that
well-structured verbal descriptions could be used to generate numerical data that both meet desired statistical crite-
ria and enable quantitative explorations of the phenomena of behaviour, psyche and society. With rating ‘scales),
psychologists run the risk of studying only linguistic propositions (Wittgenstein, 1922). These verbal ‘scales’ drew
their attention to the conceptual-interpretive level and away from the actual study phenomena and their properties,
which led them to overlook key elements of measurement (Uher, 2022b). Current proposals for improving psycho-
logical research practices involve, amongst others, more specific instructions to raters and administrators, items with
narrower fields of meaning, and the provision of anchor-points for comparison (e.g., Anvari & Lakens, 2021). But
these amendments cannot solve the problem that, in rating methods, a specific data point can be traced back neither
to a concrete occurrence of a specific property in a concrete study phenomenon (data generation traceability) nor to a
known quantity reference determining its quantitative meaning (numerical traceability), as is the case, by contrast, in
behaviour observations. But both types of traceability are required to establish causal measurand-result connections
in measurement and to ensure the quantitative results' public interpretability.

In pursuit of natural-science approaches, psychologists uncritically followed the promises of a seemingly quanti-
tative method (see similarly, Debrouwere & Rosseel, 2022). The measurement jargon developed around rating ‘scales’
and psychometrics gave psychologists a false sense of advancement and of having established a solid scientific
foundation. This misguided them to reduce efforts for method development and to shun critical reflection about the
meaningfulness and interpretation of the numerical data produced and the quantitative analyses applied to them.
Rating ‘scales’ do not enable implementation of unbroken connections that establish proportional relations of the
results with both the measurands (data generation traceability) and known quantity references (numerical traceabil-
ity) as required for measurement (Figure 2a). From rating scores, traceable connections cannot even be established
to the verbal ‘scales’ that these scores numerically recode, not to mention the phenomena and properties that raters
have considered in their ratings nor those that researchers have actually aimed to capture (Figure 2b). The necessity
to create quantitative meaning for rating scores through between-individual comparisons mislead many psycholo-
gists to assume that quantitative results obtained from sample-level statistics could enable measurement (Figure 4).
All this entails that attempts to infer possible quantitative structures in psychical phenomena from rating data are
futile—regardless of whether or not one may find this quest meaningful.

The serious epistemological and methodological problems of rating ‘scales’ and the centrality of rating methods
to many areas of psychological research highlight that just improving transparency in data analysis, as currently

discussed, is insufficient for overcoming psychology's replication, confidence, validation and generalisability crises.

4 | FUTURE DIRECTIONS

To establish psychology as a science, psychologists must take intellectual responsibility for their discipline's philo-
sophical and theoretical foundations (Uher, 2022b; Vautier et al., 2014). Scrutiny and controversial debate require

critical self-reflection and making basic (implicit) assumptions explicit. This is a laborious task. It requires efforts for
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developing precise definitions, terminologies (Lilienfeld et al., 2015; Slaney & Garcia, 2015; Uher, 2021c, 2021d) and
concepts (Bennett & Hacker, 2003; Uher, 2016b; Valsiner, 2021) that cannot build on everyday language. These may
be more cumbersome and technical but are necessary to enable the crucial distinction between the study phenomena
and the means of their exploration—thus, to avoid psychologists' cardinal error (Uher, 2022b). Acquiring some basic
knowledge about semiotics and semantics can only be beneficial for mastering this challenging task (Valsiner, 2001;
Vygotsky, 1962).

Ratings may be useful in applied fields, such as for opinion polling (e.g., about the frequencies of particular
beliefs in a population). Psychometric approaches are useful for discriminating between responses in ways consid-
ered meaningful (e.g., social relevance). Such pragmatic, operationalist and instrumentalist approaches have their own
justification and utility value and may be the most appropriate methods for studying many applied problems. But they
preclude the scientific investigation of psychology's study phenomena, and thus its development as a science. These
approaches must therefore be distinguished from the realist framework that many psychologists aim to pursue yet
without implementing it also into their research practices (e.g., rating ‘scales’, psychometrics; Uher, 2018a, 2021c,
2021d). Psychologists need to expand their knowledge of methods and mathematics; and they can learn from the
substantial advancements that other disciplines have made (Rudolph, 2013).

Meanwhile, rating methods inform a broad range of psychological research activities, including activities
that should actually precede and not follow data generation. For example, many psychologists still consider only
rating-based methodologies for developing ‘personality’ taxonomies (Condon et al., 2020) but ignore a broad range
of alternative approaches that have meanwhile been developed to study, amongst others, variations in physiology
and situated behaviours (Trofimova et al., 2018; Uher, 2008a, 2008b, 2013, 2015b, 2015c, 2015e). Such approaches
are necessary to establish descriptive taxonomies of both the compositional structures and the process structures of
specific kinds of phenomena as well as integrative and explanatory taxonomies involving various kinds of phenomena
(Uher, 2018b).

The problems outlined in this article are just the tip of an iceberg of problems that—through the wide-
spread and uncritical application of rating ‘scales’'—have become institutionalised in psychology (for details, see
Uher, 2022b) and that therefore cannot be remedied with little quick fixes as many may hope. Elaborating future
directions and possible solutions far exceeds the space of a journal article. Listing some here—such as ensuring
that the study phenomena are actually present during data generation (e.g., as done in Ambulatory Assessment
methods; Fahrenberg et al., 2007) because this is necessary to establish traceable relations to the results; study-
ing the phenomena in context (e.g., Mehl, 2017) because this is necessary to explore their meanings and functions
for individuals; developing theories about the study phenomena and properties in themselves rather than just
relying on everyday beliefs about them because this is necessary to establish their quantitative and qualitative
meanings (Uher, 2020b, 2022a); or replacing rating ‘scales’ with semantic computer algorithms to efficiently
analyse open-ended verbal responses (Arnulf et al.,, 2021; Smedslund, 2021)—can only be incomplete. A first
overview of future directions can be found in Uher (2022b), detailed elaborations will be published elsewhere
(Uher, 2023).

This article, although perhaps unsettling for some, is meant to be a wake-up call, highlighting the necessity for
urgent action and change of direction in ways that are still hardly considered in mainstream psychology. It would be

desirable if this decade could see some of these changes happening.
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ENDNOTES
! http://researchonindividuals.org

2 Methodology and method are not the same; methodology is the higher-order term. Their common conflation (e.g., by
referring to methods as ‘methodology’, especially in English-language psychology) reflects many psychologists' reluctance
to elaborate the philosophical and theoretical foundations of their research practices.

3 The term psyche is conceived more broadly than mind, thus comprising non-mental phenomena as well.

4 This distinction is made, for example, in French, Italian, Dutch, German and Russian.

w

Constructs and concepts are both abstract ideas. Constructs tend to have more heterogeneous referents and therefore to
be more abstract and complex. But attempts to clearly differentiate them are ultimately arbitrary.

6 With very few exceptions (e.g., icons, onomatopoeia).

~

Metrology, the science of measurement, foundational for the physical sciences and engineering.

8 With modern technologies and using the knowledge gained from decreed measurement units, physicists replaced the
originally arbitrary definitions of reference quantities with artefact-free definitions that are based on natural constants
and are thus reproducible any time and any place (e.g., meter by speed of light; BIPM, 2006).

0

These are called calibration chains because, along the connections in the chain, they specify uncertainties as a quantitative
indication of measurement quality to assess a result's reliability and accuracy (JCGM100:2008, 2008).

10 The term ‘data’ is also sometimes used to denote the study phenomena in themselves. This undifferentiated terminological
usage promotes the conflation of the study phenomena with the study means (psychologists' cardinal error), which entails
errors in conceptualisation and interpretation that often go unnoticed (Uher, 2022b).

1

oy

Representational theory of measurement provides, however, no concepts and procedures for implementing such theo-
rems and it factors out important elements of measurement (e.g., measurement error and accuracy); therefore, it is insuf-
ficient as a theory of measurement in itself (Mari et al., 2017).

12 This lexical hypothesis, first formulated by Galton, forms the basis of methodological approaches in which the
person-descriptive words in a language's lexicon are used to categorise those individual differences that are considered
most important in a given sociolinguistic community (e.g., Allport & Odbert, 1936; John et al., 1988; Uher, 2015c).

1

w

Big Five 10-item short version (Rammstedt & John, 2007).

14 Presenting raters with numerical rather than verbal answer categories does not solve the problems discussed here but
only shifts the execution of this numerical recoding (response coding) to implicit considerations by raters.

1

«

Referring to the famous story of Baron Miinchhausen who pulled himself and the horse on which he was sitting out of a
swamp by his own hair.

16 This applies to the common variable-oriented approaches (studying score distributions across individuals). With
individual-oriented approaches (studying within-individual score distributions across variables), reliability can be explored
on the individual level yet regarding differences between scores obtained for different items, and thus different study
phenomena and properties, rather than regarding the scores' relation to a given measurand's quantity.

17 Given the complexity of constructs, only a (manageable) subset of a construct's referents can be empirically studied and
are therefore chosen to serve as construct indicators (e.g., rating items; Uher, 2022b).
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