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AHHOTaUMA

[lcnxomMeTpuKa, HayKka O MCUXOAOTUYECKMX U MeAArOrMYECKUX N3MEPEHMUAX,
oTMeTuAa (M NpopoA*KaeT oTMedaTb) 130-AeTme. 3a 370 BpemMa 13 HayKu,
OCHOBHbIM MOAXOAOM KOTOPOM ObIA MOACHET MPaBUAbHbIX OTBETOB Ha TECTOBbLIE
3aAaHUA, MCUXOMETPKKA NPEBPATUAACH B CAOXKHYIO MEXKANCLMNMNANHAPHYIO
0bAACTb 3HAHMA Ha CTbIKE MCUXOAOTUU, MeAArorMKM, MaTeMaTUYECKOM
CTAaTUCTUKU, HAYKM O A@HHBIX M MALLMHHOIO 0by4YyeHuA. Ha nekunm Mbl
MO3HAKOMKMCA C UCTOPUEN Pa3BUTUA MCUXOMETPUKMN, 3aAa4aMM, KOTOPbIE
pellana U pellaeT aTa HayKa, ee AOCTMXKEHNAMU MOCAEAHUX AET U
NepCneKTUBHbIMU ODAACTAMM AAA HOBbIX MICCAEAOBAHUN.



Psychometrics is a scientific discipline concerned with the
construction of assessment tools, measurement instruments, and
formalized models that may serve to connect observable

phenomena to theoretical attributes.
orof. dr. Denny Borsboom, UvA



"...itisintelligible to speak
of the mean judgment of
competent critics as the
true judgment; and
deviations from that mean
as errors’

(Edgeworth, 1888, p. 622)

Francis |I. Edgeworth (1845-1926)



Meshularer Ty}

James McKeen Cattell (1860-1944) n ero
ncmxomeTpuydeckaa rpynna B Kemopuaxke (1888/89)

Hay4HbI METOA B NCUXOAOT UM

VIaMepeHna nHTeAneKkTa

[Mpe3naeHT American Psychological
Association B 1895 r.

Cattell, J. M. (1890). Mental tests and
measurements. Mind, 15, 373-381



Measurement of Attitudes, 1929

Primary Mental Abilities, 1938

Factorial Studies of Intelligence,
1941

Multiple Factor Analysis, 1947

OcHoBaTeAb U NeEPBbIV NPE3NAEHT
NcnxoMeTpuueckoro obuwecrtea
(1935/36)

Louis L. Thurstone (1887-1955)
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PSYCHOLOGY AS A QUANTITATIVE RATIONAL
SCIENCE'

By Professor L. L. THURSTONE
TIIE UNIVERSITY OF CHICAGO

Tue purposes of this socicty are not new, but they
represent an emphasis and direction which have not
hitherto received major consideration in psychological
seicnce. It seems proper that we should devote some
share of our first program meeting to a consideration
of our main objectives.

Our main purpese is briefly stated in the subtitle of
the new journal, Psychometrika, namely, to encourage
the development of psychology as a guantitative
rational secience. More briefly, this may be ealled
mathematieal psychology. We shonld justify our
emphasis upon quantification and upon rationalization
in scienee, ag well as our eonception of the fundamental
nature of seience.

I assume that we are in complete agreement that we
can not suddenly quantify our comprehension of psy-

1 Abstract of address by the retiring president of the

Psychometrie Society at IHanover, N. I, September 4,
1936,

chologienl phenomena over their entire range. As
psychologists, we are as interested as ever in making
exploratory studies of new psychological effects and
in discovering hitherto unknown effects. At present,
the range of psychological phenomena that ean be
profitably reduced to mathematical formulation is
limited, and it is likely that every man who works on
a problem of mathematieal psyehology will also eon-
eern himself with exploratory studies of other prob-
lems that are as yet too new for detailed rationaliza-
tion.

After the discovery of a psychologieal effect, we
naturally thrn to the second phase of seientifie inquiry,
namely, to relate the new effect in a simple deseriptive
manner to what is already known. In this st.ee *heo-
ries are devised to explain the experirientally known
effeets, and we try, of course, to make psyclioi. gical
theories less complicated than the effeets that are to be
explained. In this phase the descriptions of psycho-




® Adkins, D.C.(1947). Construction and
analysis of achievement tests.

® Adkins, D.C.(1958). Measurement in
relation to the educational process.

Educational and Psychological
Measurement, 18, 221-240.

Dorothy C. Adkins (1912-1975) ® Flanagan, J.C., Adkins, D., & Cadwell, D. H.
[MTpe3naeHT lNcnxomeTpryeckoro obuectea (1949/50) B.(1950) Maijor developments N

examining methods.



KAaccunyecKas
NnCUXoMeTpuyeckasa TeopuA

Melvin R. Novick (1932-1986) Frederik M. Lord (1212-2000)

T — WCTWUHHaAA MOArOTOBSIEHHOCTb
E - ownbka um3MepeHuns

LORD and NOVICK

STATISTICAL
THEORIES OF

MENTAL
TEST
SCOR

Lord & Novick (1968)



KoneHrareH

NMpuHCTOH

Frederik M. Lord (1912-2000) R e S . Georg Rasch (1901-1980)
v A Rl bt o ol e, v The Rasch Model
ltem Response Theory o S Sl wopparone W, 5 WP Lowni Stnomn



CoBpeMeHHas
NnCUxXoMeTpundecKas Teopus

BepoATHOCTb NpaBMAbHOIo oTBeTa Ha
3aAaHMe ONnCbiIBaeTCA QyHKLUMEN Pa3HOCTU

ypOBHFI MNoArOTOBAEHHOCTU CTy,A,eHTa 4
M >

Ability

YPOBHA TPYAHOCTU 3aAaHUNA

learner 3 a item ltem 1 Item 2
proficiency difficulty
e
Rasch simple logistic model (SLM p o= e
asch simple logistic moael ( ) ni = | + oBn-D)
O logistic IRT model P efn -2
ne-parameter OgIS(lC modage ni = | + e(an-Dl)
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... itisintelligible to speak of the
mean judgment of competent critics
as the true judgment; and
deviations from that mean as errors’

(Edgeworth, 1888, p. 622)
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A mixed and mixture model perspective on
item response theory (prom. P. De Boeck)

Frank Rijmen
Dissertation Prize 2003



Cross-classification multilevel logistic models
in psychometrics (prom. P. De Boeck)

Wim Van den Noortgate



[ lcnxomeTpuka B Poccnm

B 1920-x bypHO pasBmBaAacb Kak 4aCTb 9KCMEPUMEHTAAbHOM NEeAATOTNKY
N NCUXOAOTUN

B 1936 npur3HaHa AXeHaykou (Kak 1M reHeTuKa, a MocAe U KnbepHeTmnKa)
B 1970-80—x HaumnHaeTcA BO3pOXKAEHME B paMKax NMCUXOAMATHOCTUKIA

OTCTaBaHME HE MPEOAOAEHO AO CMX NOP, HO...



HunaepAaHACKoOe
NCUXOMETPUYECKOE HYYAO

Van der Heijden, P. & Sijtsma, K. (1996). Fifty
years of measurement and scaling in the Dutch
social sciences. Statistica Neerlandica, 50,

111-135
—
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OCO3HaHHOMY YBEAUYEHUIO NYOAUKALMOHHOM aKTUBHOCTMU Ha - L N i
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® OT MOAAEP>KMBAIOLLLEN CTAaTUCTUKM K MPOABUHYTHIM
pa3paboTkaM B OOAACTV METOAOAOTUMN

® OT MaAbiX HADOPOB AAHHbIX K OOAbLLUMM AQHHbBIM

CeropHa Hupepaanabl u QaaHapusa rnobanbHbie
uHPAIOEHCcepbl B 06AaCTU NCMXOMETPUKM



Computational Behavioral
Science

Behavioral sciences explore the cognitive
processes within organisms and the
behavioral interactions between
organisms in the natural world. It involves
the systematic analysis and investigation of
human and animal behavior through the
study of the past, controlled and
naturalistic observation of the present, ana
disciplined scientific experimentation and
modeling. It attempts to accomplish
legitimate, objective conclusions through
rigorous formulations and observation.
Examples of behavioral sciences include
psychology, psychobiology,
anthropology, and cognitive science.
Generally, behavior science deals primarily
with human action and often seeks to
generalize about human behavior as it
relates to society.

Computational science (also scientific computing
or scientific computation (SC)) is a rapidly growing
multidisciplinary field that uses advanced
computing capabilities to understand and
solve complex problems. It is an area of science
which spans many disciplines, but at its core it
involves the development of models and
simulations to understand natural systems.



Combining explanatory IRT and
psychological networks for understanding
and modeling online learners’ difficulties



Context and Problem

Massive open online courses (MOOCSs) are scaled, internet-based courses developed by
universities or industries in partnership with provider platforms such as Coursera (55 million

learners, 3,800 courses). A MOOC consists of video lectures, reading assignments,
assessments, and forums.



Context and Problem

MOQOC developers need psychometric instruments for understanding learners’ difficulties in
assessments to provide better structure, content, and feedback in assessments.

* What is the structure of learners’ difficulties (mistakes) in assessments? How are they connected?
« How are learners’ different in terms of difficulties (mistakes)?

* Do teaching interventions work for decreasing the number of difficulties?



Networks In Psychometrics
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The Ising Model (1925) in Psychometrics
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The Ising Model (1925) in Psychometrics
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The Ising Model (1925) in Psychometrics
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Epskamp, Maris, Waldorp, and Borsboom (2018)

exp(x (T + Z ;; l IsingSampler (Epskamp, 2020)

Pr(X; | X = x(7)) =
in exp(x(z; + ZJ- a)ijxi)) IsingFit (van Borkulo & Epskamp, 2016)



1 2 3 4 5 6 7 8 9 10 11 12
1.05 -2.00 1.060 -0.33 -1.09 1.54 0.37 -0.28 -0.99 -0.20 0.39 0.60



1 2 3 4 5 6 7 8 9 10 11 12
1.06 -2.60 1.06 -0.33 -1.09 1.54 0.37 -0.28 -0.99 -0.20 0.39 0.60



1 2 3 4 5 6 7 8 9 10 11 12
1.05 -2.60 1.06 -0.33 -1.09 1.54 0.37 -0.28 -0.99 -0.20 0.39 0.60






 What is the structure of learners’ difficulties (mistakes) in assessments? How are they
connected?



« How are learners’ different in terms of difficulties (mistakes)?

* Do teaching interventions work for decreasing the number of difficulties?
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forC <5
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Examples of Grouping

1. Rewatching
2. Performance

3. Context



lllustration

Course #1
Field Social Science
Discipline Sociology
Language Russian

Number of enrollments 11,259

Completion rate, % 16.9

Top five countries by Russia, 78

number of students, % Ukraine. 6
Kazakhstan, 2
Belarus, 2
USA, 1

Female Students, % 54




Thresholds

Example 1

b C d e f g
items

+ — rewatched video lectures
0 — did not rewatch video lectures
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Example 2

items

— have high performance in the course
red — have low performance in the course



Thresholds

Example 2

N
'

N

items

— have high performance in previous parts of the course
red — have low performance in previous parts of the course



Thresholds

Example 3

D d e f g h
Items

— course In curricula
—course on demand



Further Steps

 Moving from Revealing to Explaining the differences

 Elaborating the Effects of Learning and Forgetting



Impact to Practice

 Adaptive Learning

 Tuning Feedback
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