Role of Modeling When Located Between
Theory and Data

Klaas Sijtsma

TILBURG ;%%z UNIVERSITY
e

Lecture on occasion of the BEAR Center Seminar, 2 November 2021


http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=http://www.qtem.org/en/news/28/tilburg-university-joins-as-newest-academic-partner&psig=AFQjCNFmb3tnDuro2SRk7JDCdUedmZc6KQ&ust=1506622422185521

Sijtsma, K., & Van der Ark, L. A. Measurement models for psychological attributes. Boca
Raton, FL: Chapman & Hall/CRC

Contents

Acknowledgements

Measurement

) Models for
Glossary of notation and acronyms Psychological

Attributes

Chapter 1 Measurement in the Social, Behavioral, and Health Sciences

Chapter 2  Classical Test Theory and Factor Analysis Kisas Sijtsma

L. Andries van der Ark

Chapter 3  Nonparametric Item Response Theory and Mokken Scale Analysis

Chapter 4 Parametric Iltem Response Theory and Structural Extensions

Chapter 5 Latent Class Models and Cognitive Diagnostic Models

Chapter 6 Pairwise Comparison, Proximity, Response Time, and Network Models
References

Index



Doesn’t such an anthology of measurement models exist already? Existing

books focus on

e One model: Mokken Model, Rasch Model, Latent Class Analysis, Cognitive
Diagnostic Models

e One broader class: Classical Test Theory, Iltem Response Theory, Generalizability
Theory, Factor Analysis

e (Classical Test theory and Item Response Theory together, to show that IRT
improves upon CTT

e Dimensionality: Unidimensional models, Multidimensional Scaling / MIRT

e Topics (within or across models): Adaptive Testing, Test Equating, Differential Iltem

Functioning, Achievement Testing, Testlet Response Theory, Validity



Some older books have a broader scope:
e Torgerson (1958; Theory and Methods of Scaling)
e Coombs (1964; A Theory of Data)
But they have very little overlap with our book; only pairwise comparison and proximity

models overlap

Three-volume work by Krantz, Luce, Suppes & Tversky (e.g., Volume |, Foundations of
Measurement) represents
e A totally different, non-psychometric and broader scientific perspective on
measurement
e Based on an axiomatic approach
e That is often deterministic, and highly restrictive

e That was not (convincingly) adopted up by human sciences (and unsuited, | add)



Where does my fascination for measurement come from?

e In 1974, | started as a student of Pharmacy:
e Much lab work, determining
v’ quantitative measurement (concentration chemical element, level of

radioactivity, or strength of electrical current) = AMOUNT

v’ qualitative measurement (chemical elements in a mixture) —» TYPE
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e A memory of measurement and early statistics (which is rather unlike physics in

those days):

o Ammeter for measuring electrical current

o Typically, the needle oscillates across the
scale

o Estimate by observation most likely value,
minimum value, and maximum value

o Computations for all three values, produced

I”

“confidence interva

e Boring for an 18/19-year old; changed to
psychology



Next, | started psychology, and in my 2" year read

o Amazed to find that psychologists measured
attributes like intelligence and introversion

o And how they did this: With lists of problems one
had to solve or questions one had to answer, and
counts of number-correct or counts of credit points
earned

o And not with apparatus picking up a physical
phenomenon, and needles and scales showing a
quantity

o Reliability concept replaced oscillation of needle
and validity concept replaced physics theory and
natural laws

o Psychological measurement was not without problems

This is how | became interested in measurement (if my memory isn’t accurate, it’s a
good story anyway)



In the nonphysical sciences, measurement has always been problematic, and it has
become increasingly evident to nearly everyone concerned that we must devise
theories somewhat different from those that have worked in physics

—David H. Krantz, R. Duncan Luce, Patrick Suppes, & Amos Tversky (1971)




Psychometrics presents mathematical/statistical measurement models

Models are defined by assumptions about

e Complexity of the measurement (i.e., dimensionality)
o Analytical reasoning (confounder: language skills?)

o Electrical current/amperage (confounder: resistance?)

e Internal structure of the measurement (e.g., local independence)

Does measurement instrument pick up training effects, heat?



e Relation of items with the dimensions (e.g., response functions)

v' Do analytical reasoning tasks discriminate
particular measurement levels (location
parameter) and with what strength

(discrimination parameter)?

v’ Is electrical voltage strong enough to make coffee

grinder work?
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Other assumptions:

e Measurement error: random / systematic; distribution, correlations (classical test
theory, factor analysis)
e Ordering of types (latent classes) rather than levels
v’ Developmental progression of solution strategies for fraction arithmetic
v’ Evolutionary progression of species
e Subattributes working together to solve a problem with a particular probability

(cognitive diagnostic models)
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Models imply expected structure of the data the researcher collected by means of
the (preliminary, experimental) measurement instrument (test, questionnaire)

Goodness-of-fit research involves
e Comparing expected data (features) with real data (features), and
e Study the inconsistency or the misfit
e To ascertain whether we have a scale

Typical (i.e., unavoidable) result is misfit

All models are wrong, but some are
useful.

— George E. P. Box —

AZ QUOTES
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Models are idealizations, that is, simplifications, of the phenomenon they try to

describe or explain; one hopes they pick up the salient characteristics

Models must fail at describing the data; if they didn’t, they would coincide with the data

and provide no distinction between main principles and details

“Box” applied to measurement: Question is whether the misfitting model still provides a

useful scale, e.g., having predictive validity (school, job, therapy)

In the social, behavioral, and health sciences models fail notably; what are causes?



Data collected in the human sciences are messy, meaning they contain

e Much noise

e Many signals, often weak, some mediocre, few strong

In measurement, causes are

1 Absence of well-founded theory about the target attribute (ability, trait, attitude),
presence of partly-founded, incomplete theory (exceptions do exist)

2 Tendency of people to respond to being subject of an assessment procedure,
known as participant reactivity; in the human sciences, research object “talks
back”

3 Random and systematic error sources beyond the researcher’s control, other than

imperfect attribute theory and participant reactivity

14



1—Attribute Theory; that is, theory about the attribute to be measured

Well-founded theory (solid box) provides guidance for operationalization, known as
measurement prescriptions, providing link between concepts and behaviors
Absence of well-founded theory withholds guidance, researcher relies on experience,

habit & tradition, educated guesses; measurement is off target to an unknown degree

| Attribute |
At -
L Theory K; |
__________ \ :
N |
\
Operationalization [ Data | Analysis
Attribute
Theory

Scheme for the construction of psychological measurement instruments
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Analysis

e Analysis involves using measurement model to study goodness-of-fit model to data

e Data collected by means of preliminary test/questionnaire may or may not (or
partly) reflect attribute

e Goodness-of-fit research (GoF) makes the most sense if one expects particular
outcome, results are fed back to theory, help develop theory further and improve
instrument

e GoF research makes less sense when expectation is not well articulated; then,
outcome is little more than a clustering of some items, and in the absence of
theoretical expectations, data exploration produces uncertain results for

unidimensionality, monotonicity, invariant item ordering
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2—Participant Reactivity (Rosenthal & Rosnow, 1969)

Some examples:

When asked about their introversion level, people reflect on their personality and
this affects the answers they give (consistent pattern, ideal picture); person-
dependent, unpredictable

Someone nervous may (unintendedly) produce negatively biased results on an
achievement test

Another person may (intendedly) manipulate personality inventory to give socially
desirable answers when they expect truthful answers to be disadvantageous
Demand characteristics (Rosenthal & Rosnow, 1969): Features in the testing
context inspire people to accommodate their responses to the perceived context;
e.g., harsh item formulation may soften or harden responses of some people

Experimenter expectancy (R&R, 1996): Test practitioner sends signals affecting
some people; e.g., oral instruction to relax may signal that test is not important
when it actually is, and may worsen test performance

Notice: Natural sciences pay much attention to realize unobtrusive measurement
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3—Uncontrolled Error Sources

Some examples:
e Noisy testing environment may negatively affect some people’s performance
e Pleasant room with coffee and tea may have opposite effect on some people
e Temporary person-dependent mental state (bad sleep, good sleep; recent nasty or
pleasant personal experiences)
e Language skills always influence test performance and increase individual

differences
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Do psychologists and psychometricians pay enough attention to these issues?

e Psychologists (and others) primarily focused on the substantive aspects of their
research; statistics and psychometrics (measurement) are practiced on the side

e Used to be more focus on theory development and measurement &
standardization; replaced with Internet platform data (Amazon MTurk) and e-
health data (smart watches); where is the standardization?

e Researchers are inclined to engage in employing researcher degrees of freedom to

optimize publication opportunities; is the situation deteriorating?

Cf. chemical measurement (ban pollution) and physical measurement (CERN);

standardization has Top Priority
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Statisticians, like artists, have the bad habit of falling in love with their models
—George Box

Not enough attention for substantive and methodological issues ......



The book chapters
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Chapter 2 Classical Test Theory and Factor Analysis

Classical Test Theory for two items j and k does not model their association:
X] =’1}+E] and Xk =Tk+Ek

True scores depend on item, origin item scores unknown; CTT is about repeatability

Factor Analysis does model the association between items:
Xj — bj + Z%=1 ajmfm + 6j and Xk - bk + Z%=1 akmfm + 5]{

M latent variables or factors & underlie performance on different items and tie them

together; FA approach is about modeling, pulls validity in ......

Confounding of reliability and validity?
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Chapter 3 Nonparametric Item Response Theory and Mokken Scale Analysis

Define weak(est) assumptions allowing quantitative person ordering:

e Unidimensionality; one latent variable 8 (mathematical entity!)
e Local independence; no other influences

e P(X; = x|6) monotone in 6; higher scale value, higher response probability

= Ordering persons on total score X = },; X; equal to ordering on 8 (do not need 6)

Emphasis on

¢ Identifying dimensionality, subsets of items with different scales

e Estimating IRF, P(X; = x|0), to assess item strengths and weaknesses



Chapter 4 Parametric Item Response Theory and Structural Extensions

Typical is choice of parametric functions for P(X; = x|6); for example

exp[aj (6 — 6]-)]
1+ exp[aj (6 — 6j)]

P(X;=1/0) =

Pl 4l8) = ) Py =516) = et

More structure, parameters take over from functions:

e Summary of statistical information more succinctly, lose more details
e Better connection to regular statistics

e Special cases of Nonparametric IRT, see Venn diagrams

24



25

Chapter 5 Latent Class Models and Cognitive Diagnostic Models

Define assumptions allowing qualitative person classification / taxonomy:

e Latent Class Models

e Cognitive Diagnostic Models—IRT Models and Latent Class Models

Proportional reasoning as an example H é H H H E H H

e Children use strategy to solve problems VB )

e Strategies are incorrect, but
v’ Produce “solutions”
v’ Inform about development
e |dentify strategies, assign children; total score X uninformative

CDMs define subattributes/skills and mechanisms to explain response probabilities
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Chapter 6 Pairwise Comparison, Proximity, Response Time, and Network Models

Response time models

¢ In addition to correct/incorrect data, models include response times
e Other models include auxiliary information, like distraction data
e (Response times, distraction data, go back to 19" century psychophysiology)

My Hypothesis:
e Most information is in correct/incorrect data, and even more in the process data

behind them

Network models
e No latent variables, observable variables affect one another; take depression,
feeling low affects sleep quality, sleep deprivation affects social contacts, etc.

e Types of depression? Stages of depression?
e Connections with qualitative measurement? Observable classes?
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Progress in psychological measurement must come from

e Psychologists engaging in theory development, do away with economic / fast
results approach to psychology, give in to slow science

e Psychometricians engaging in theory development, integrating psychometrics
again into psychology, give in to being a quantitative psychologist

e There are some (weak) signs this is (not) happening

Is this a revolutionary idea? Not at all, this is how psychometrics started, originated from

psychology



Here are a few topics for discussion
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Psychology and other human sciences lack a “language” for understanding the

phenomena they study

Biology
o e o . o == ™~~~ € »@3‘5& 2 ‘:
e Classification of species—Carolus Linnaeus ! PR S ot
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Chemistry

e Model of the atom

Nucleus

Helps to understand the composition and

properties of matter neutron

Periodic table of the elements

[ Alkali metals [ Halogens
B group [ Alkaline-earth metals [] Noble gases
e vl
. [ Transition metals ] Rare-earth elements (21, 39, 57-71) 18
E 1 B Other metat and lanthanoid elements (57-71 anly) 2
H| 2 er metals 13 14 15 16 17 | He
3 |4 [ Other nonmetals [ Actinoid elements 5 6 7 8 8 Jwo

~

Li Be B C N o F Ne
e Periodic table of chemical elements WA P
19 20 21 22 23 24 25 26 |?7 28 29 30 31 32 33 34 35 36

K |Ca|Sc | Ti V [Cr|Mn|Fe [Co| Ni |Cu|2Zn|Ga|Ge | As | Se | Br | Kr

|37 38 39 40 a4 42 43 44 45 46 47 48 49 50 51 52 53 54

Helps to understand why elements do or do not = s i e i e s et e o

Sl cs|Ba|La|Hf [Ta| W |Re|Os| Ir | Pt |Au Hg | Tl [ Pb | Bi | Po | At | Rn
87 |88 |89 |104 |105 [106 (107 (108 [109 |110 (111 [112 [113 (114 |115 116 (117 118
Fr |Ra |Ac | Rf | Db [Sg |Bh |Hs | Mt |Ds ([Rg [Cn |Nh | FI |Mc| Lv | Ts | Og

combine to form molecules

actinoid series 7

58 |59 |60 |61 62 (63 |64 |65 (66 (67 |68 |69 (70 |71
Ce |Pr [Nd | Pm|Sm|Eu |Gd | Tb [Dy |Ho | Er [Tm | Yb | Lu
90 (91 (92 (93 (94 (95 (96 |97 (98 |98 (100 (101 |102 |103
Th | Pa| U |[Np|Pu|Am|Cm | Bk | Cf | Es [Fm |Md | No | Lr

“Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). @ Encyclopaedia Britannica, Inc.



Physics

Mathematics accurately describes physical world, on planet Earth and the Universe

Johannes Edwin Sir Isaac Sir George
e Natural Laws Pt Hubble o

e Predictions from derivations planetary universal universal fluid

motion expansion gravitation mechanics
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Psychology

Intelligence, various models, competitive but no crucial experiments

General
(stratum 1)

Broad

(stratum )

Narrow
(stratum 1)

Personality, summary of “wealth” of

traits in five overarching categories

COMTEMTE WISUAL
AUDITORY
I SYMBOLIC
- SEMAMTIC
/'/_ BEHRWIORAL
PRODUCTS
UMITS
CLRSSES
RELATIONS
SYSTEMS
TRAMSFORMATION
IMPLICATIONS

, EVALUATION
COMVERGEMT PRODUCTION
LIVERGEMT PROCUCTION
MEMOR'Y
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Comments and questions

e Reminds me of categorization by Linnaeus; they help, but ......

e So far, no breakthrough opening new insights impossible previously

e Does Psychology invest too little in “slow science” and too much in “headlines”?

e Has neuropsychology helped psychology further along? Does brain imaging push
psychology to the next stage?

e Do big data (Internet) and collecting data using smart watches lead to better

measurement?
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Different topics

e Do measurement models help the researcher thinking about useful measurement?

e Should psychological theories about attributes guide choosing or constructing
appropriate measurement models?

e |s psychometrics better off developing back to quantitative psychology or further
developing into statistics?
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