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AHHOTaUMA

[lcuxomeTpuKa, HayKa O MCUXOAOTUYECKKMX U MEAATOrMYECKUX M3MEPEHMUAX,
otMeTuAa 130-AeTre. 3a 3TO BpeEMA 13 HayKM, OCHOBHbLIM MOAXOAOM
KOTOPOW ObIA MOACHET MPaBUAbHbIX OTBETOB Ha TECTOBbIE 3aAaHUA,
MCUXOMETPMKA NPEBPATUAACH B CAOXKHYIO MEXAUCLMUMAMHAPHYIO 0OAACTb
3HaHMA Ha CTbIKE MCUXOAOTUW, MEAArOTMKM, MaTEMATUYECKOWN CTaTUCTUKMN,
HayKM O AQHHbBIX M MALLMHHOIO 0by4eHuA. Ha AeKurm Mbl MO3HAaKOMUMCA C
MCTOPUEN PA3BUTUA NCUXOMETPUKM, 3aAa4aMK, KOTOPbIE peLlana U peluaeT
9Ta HayKa, ee AOCTUXEHUAMU MOCAEAHNX AT U MEPCNEKTUBHbIMM
0bAaCTAMU, KOTOPbIMU DYAYT 3aHUMATbCA DyAyLLME YHEHbIE.



Y10 Takoe ncmxomeTpumka?

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.
prof. dr. Denny Borsboom, UvA
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[louemy 130 AeT?

... 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 |. Edgeworth (1845-1926)
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Meshularer 7

James McKeen Cattell (1860-1944) v ero
ncuxomeTtpuyeckas rpynna B Kembpuaxxe (1888/89)

Hay4Hbll METOA B MCHUXOAOTUM

I3amMepeHuna nHreanekTa

[pe3naeHT American Psychological
Association B 1895 .

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

OcHoOBaTeAb 1 NePBbIV NPE3NAEHT
Ncnxomerpuueckoro obuwecrea
(1935/36)

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

By Professor L. L. THURSTONE
THE UNIVERSITY OF CHICAGO

Tite purposes of this socicty are not new, but they
represent an emphasis and direction which have not
hitherto received major consideration in psychological
seicnee. It scems 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 enconrage
the development of psychology as a quantitative
rational science. More briefly, this may be ealled
mathematieal psychology. We shonld justify our
emphasis upon quantification and upon rationalization
in scienee, as well as our eoneeption 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 Abstraet of address by the retiring president of the

Psychometrie Society at IHanover, N. II., 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 psyehological phenomena that can be
profitably reduced to mathematical formulation is
limited, and it is likely that every man who works on
a problem of mathematical psychology will also con-
cern 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 turn 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 stuee *heo-
ries are devised to explain the experirientally knawn
effeets, and we try, of course, to make psychioi. gival
theories less complicated than the effeets that are to be
explained. In this phase the deseriptions of psycho-
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® 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.
[MpesnaeHT lNcruxomeTpuyeckoro obuectsa (1949/50) B (1 950) I\/Iajor developments in

examining methods.
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Melvin R. Novick (1932-1986) Frederik M. Lord (1912-2000)
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KoneHrareH

MpuHcTOH

Frederik M. Lord (1912-2000) | | ™ (atotee | VTS e . Georg Rasch (1901-1980)
e e | o, _ The Rasch Model
ltem Response Theory 1 e L W _—



CoBpeMeHHasn
NCUXOMeTpUYeCcKasa Teopm

BepoAaTHocTb npaBuAbHOro oTBETa Ha
3aAaHUE ONUCHIBAETCA QyHKLMEN
[pPas3HOCTU yPOBHA MOArOTOBAEHHOCTU
CTYAEHTa 1 YPOBHA TPYAHOCTU 3aAaHNA

>
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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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HunaepAaaHaCKoe
NCUXOMETPUYECKOE YYAO

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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Computer adaptive practice of Maths ability using a new item response model
for on the fly ability and difficulty estimation

S. Klinkenberg*, M. Straatemeier, H.L.J. van der Maas

Department of Psychology, University of Amsterdam, Roeterstraat 15, Room A522, 1018 WB Amsterdam, The Netherlands
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ABSTRACT

Article history:
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In this paper we present a model for computerized adaptive practice and monitoring. This model is used
in the Maths Garden, a web-based monitoring system, which includes a challenging web environment
for children to practice arithmetic. Using a new item response model based on the Elo (1978) rating
system and an explicit scoring rule, estimates of the ability of persons and the difficulty of items are
updated with every answered item, allowing for on the fly item calibration. In the scoring rule both

Keywords:

CAT

CAP

Computer adaptive practice
Serious gaming

Progress monitoring

Item calibration

accuracy and response time are accounted for. Items are sampled with a mean success probability of .75,
making the tasks challenging yet not too difficult. In a period of ten months our sample of 3648 children
completed over 3.5 million arithmetic problems. The children completed about 33% of these problems
outside school hours. Results show better measurement precision, high validity and reliability, high pupil
satisfaction, and many interesting options for monitoring progress, diagnosing errors and analyzing
development.

© 2011 Elsevier Ltd. All rights reserved.
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Fig. 2. High speed, high stakes scoring rule.

Han van der Maas
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[loMepbl U3 NPaKTUKK:
TPEKUHr oby4yeHus

Abbakumov, D., Desmet, P, Van Den Noortgate, W. (2019). Measuring growth in students’ proficiency in MOOCs: Two
component dynamic extensions for the Rasch model. Behavior Research Methods, 51(1), 332-341.

Abbakumov, D., Desmet, P., Van Den Noortgate, W. (2018). Measuring student's proficiency in MOOCs: multiple attempts
extensions for the Rasch model. Heliyon, 4(12), 1-15.



¢ [[OArOTOBAEHHOCTDb
* [tem Response Theory (G. Rasch, F. Lord, 1960-e)

® NMOATOTOBAEHHOCTb - KOHCTAHTa

® [peKUHr Oby4YeHUA
e Bayes Knowledge Tracing (Corbett & Anderson, 1985)

® NPNPOCT OANHaAKOB AANA BCEX

® ... AOATOE BPEMA BCEX BCE YCTPAMBAAO



HOBbIV B3rAAA Ha MOAEAMPOBaHME NPUPOCTa

Prof.

® BNAEO - LLEHTPaAbHbIM SAEMEHT KOHTEHTA
MOOK

® DOCT BHYTPW Kypca
¢ [lonblTKa - HOBbIV BUA B3aUMOAENCTBUA C

3apaHmem s MOOK | V... ................. .,,/fé’

® AOKAAbHbIN POCT (BHYTPU €AMHULbI —
copep KaHuA)

Number of

Week 1 Week 2 Week 3 Videos



Pe3yAbTaThbl

Table 2 Parameters of the extension for Course 1

Rasch model Extension with fixed Extension with random growth Extension with correlated
(Eq. 5) growth effects (Eq. 6) effects and univariate distribution (Eq. 7) random growth effects and
multivariate distribution (Eq. 7)

Fixed Intercept by  0.96 (0.09) —0 52 (0 16) —0.38(0.17) —-0.32(0.17)
Video b, 4.45 (0.45) 3.71 (0.50) 3.72 (0.46)
Attempt by 0.43 (0.01) 0.80 (0.02) 0.82 (0.02)
Random Student Intercept o, 0.72 0.79 0.80 0.95 Corr.
Video Op1 1.52 2.07 —.67
Attempt  opp 0.52 0.51 14 02
[tem Intercept o,, 1.03 1.09 1.09 1.08
AlIC 146,979 143,024 140,367 140,221

In the table, Course 1 is “Economics for Non-Economists™ (Higher School of Economics, n.d.-a). For fixed effects, standard errors are presented in
parentheses. For random effects, standard deviations are presented
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parentheses. For random effects, standard deviations are presented
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Table3  Dynamics of antilogits throughout Course 1

Start ~ Week 1 Week 5

Avg. Avg. -SD +SD Avg. -SD +SD
Rasch model (Eq. 5) 712 72 72
Extension with fixed growth effects (Eq. 6) 37 47 .83
Extension with random growth effects and univariate distribution (Eq. 7) 41 49 45 52 .80 .66 .89
Extension with correlated random growth effects and multivariate distribution (Eq. 7) .42 S50 46 .55 .81 62 92

In the table, antilogits for a student with average (initial) ability and for an item with average difficulty are presented. The dynamics of antilogits for the
start, the end of the first week, and the end of the fifth week of the course are presented. For the model with random growth effects, the average, one
standard deviation lower than the average, and one standard deviation higher than the average continuous growth effect are presented. Course 1 is

“Economics for Non-Economists” (Higher School of Economics, n.d.-a)
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Pe3yAbTaThbl

Table4 Dynamics of antilogits with attempts in Course 1

Att. 1 Attempt 2 Attempt 3

Avg. Avg. -SD +SD Avg. —-SD +S8D
Rasch model (Eq. 5) .72 .72 .72
Extension with fixed growth effects(Eq. 6) 37 48 .58
Extension with random growth effects and univariate distribution (Eq. 7) 41 .60 A48 72 77 54 91
Extension with correlated random growth effects and multivariate distribution (Eq. 7) .42 .62 .50 73 .79 57 91

In the table, antilogits for a student with average ability and for an item with average difficulty at the start of the course are presented. The dynamics of
antilogits for the first, second, and third attempts are presented. For the model with random growth effects, the average, one standard deviation lower than
the average, and one standard deviation higher than the average local growth effect are presented. Course 1 is “Economics for Non-Economists™ (Higher

School of Economics, n.d.-a)
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Table 7  Accuracy in predicting correctness

Overall Course 1 Course 2 Course 3

M SD M SD M SD M SD
Rasch model 743 047 724 .002 .699 002 .806 000
Extension with fixed growth effects .760 .038 737 .002 732 .002 812 001
Extension with random growth effects and univariate distribution .766 .034 747 .002 740 .001 813 001
Extension with random growth effects and multivariate distribution .766 .034 747 .002 .739 .001 812 001

In the table, Course 1 is “Economics for Non-Economists” (Higher School of Economics, n.d.-a), Course 2 is “Game Theory” (Higher School of
Economics, n.d.-b), and Course 3 is “Introduction to Neuroeconomics: How the Brain Makes Decisions” (Higher School of Economics, n.d.-c)
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[lpnMep 13 npakTnKn:
M3MepeHne y4ebHoOM akTUBHOCTH

\_

=

Abbakumov, D., Desmet, P., Van Den Noortgate, W. (2019). Measuring student’s activity in MOOCs using

extensions of the Rasch model. Presented at the International Meeting of the Psychometric Society, Santiago,
Chile, 15 Jul 2019-19 Jul 2019.
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AKTMBHOCTb cTyaeHToB MOOK
OObIYHO OMUCHIBAIOT, UCMOAb3YA
nponopunn (MPOCMOTPEHHbIX
BUAEO, PELLUEHHbIX 3apaHun). Takume
MepPbl aKTUBHOCTM NMPOCTbI U
MHTYUTUBHBI. Ho! Obobwana pAaHHbIE
MO CTYAEHTY, Mbl YMyCKaeM BaXKHYO
MHOOPMALMIO O TOM, KaK OTAEAbHbIN

CTYAEHT B3aIMOAEUNCTBOBAA C
OTAEABHOUN EANHULEN COAEPKAHUA.
O nepcoHaAM3auum y4ebHoro
OMbITa MOXXHO A2>Ke He AYyMaTb...




CMopeAmMpoBaThb M U3MEPUTH
aKTUBHOCTb CTYAEHTOB Ha

MUKPO-YPOBHE:
1 ctyaeHT * 1 eAMHMLUA cOAEpPIKaAHUA




ltem Response Theory

o EcTb ckpbiTaa nepemMeHHan, obbacHAOWaA
HabAloAEHUE

0 QyHKLMOHaAbHaA CBA3b MeXAY HabAIOAAEMBIM U
AATEHTHbIM - HEAUHENHaA

OTBeT CTyA€eHTa Ha 3apaHne obbACHAETCA
MOArOTOBAEHHOCTbIO CTYAEHTa U TPYAHOCTbIO
3aAaHnA

NMpocMOTp CTYAEHTOM BUAEO-AEKLUM
obbAacCHAETCA aKTUBHOCTbIO CTYAEHTa un '’
BUACO-ACKLIUN

1
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> 2,500,000
e AVMHUYHbIX
B3aMMOAEWNCTBUN
CTYAEHTOB C
KOHTEHTOM

> 70,000
CTYAEHTOB OHAAUH-
KypcoB BLLU2D Ha

Coursera

3 Kypca B Kpocc-
BaAUMAM3ALMNM
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Y OGOAbLINHCTBaA CTYAEHTOB aKTUBHOCTb B Te4YeHune
KypCa CHUXaeTcA.
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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, and
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.
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