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Introduction
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Announcement 1: Save the date for Psychoco 2019!

—
Psycho CO
\N/

International Workshop on Psychometric Computing

Psychoco 2019

February 21 - 22, 2019
Charles University & Czech Academy of Sciences, Prague

www.psychoco.org

Since 2008, the international Psychoco workshops aim at bringing together researchers working on modern
techniques for the analysis of data from psychology and the social sciences (especially in R).
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Announcement 2: Job offers

Job offers at Institute of Computer Science:
e CAS-ICS Postdoctoral position (deadline: August 30)
@ ICS Doctoral position (deadline: June 30)
@ ICS Fellowship for junior researchers (deadline: June 30)

@ ... further possibilities to participate on grants

E-mail at martinkova@cs.cas.cz if interested in position in the area of
e Computational psychometrics
@ Interdisciplinary statistics

@ Other related disciplines
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Introduction
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Motivation

@ To teach psychometric concepts and methods

o Graduate courses "IRT models", "Selected topics in psychometrics"
o Workshops for admission test developers
o Active learning approach w/ hands-on examples

@ To enforce routine analyses of educational tests

e Admission tests to Czech Universities
e Physiology concept inventories
o ... tests of various purposes across the world

@ Promotion of own psychometrics research
o Detection of Differential Item Functioning (DIF)

Need for user-friendly and freely available tool
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ShinyItemAnalysis
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ShinyItemAnalysis Application

Shiny

ItemAnalysis
IIII.
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ShinyItemAnalysis
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ShinyItemAnalysis

Interactive (and step by step) analysis of educational tests and their items

Available as:
@ R package
e Version 1.2.7 now on

o Newest version on

‘ startShinyItemAnalysis() ‘

@ Online shiny application
o ICS server in Prague, CZ:

‘ https://shiny.cs.cas.cz/ShinyltemAnalysis/ ‘

e shinyapps.io:

‘ https://cemp.shinyapps.io/ShinyltemAnalysis/ ‘
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ShinyItemAnalysis
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ShinyItemAnalysis application

ShinyltemANalysis Testandiemanalysis ~ About ~ Data  Summary ~  Valdiy - llemanalysis - Regression DIFfFaimess ~  Reports  References

Description

Shiny provids analyss of educational tesis (such a5 admission lest) and thel tems nciuding

fon of total and standard scores on Summary page.
fion siructure and preciciie valiy analysis on Valatty page.
‘and distractor analysis on Item analysis page

analyss by logstc models on Regression page.

analy heory mocels on IRT modls page.
erential e functioning (DIF) and differenial distractor functionin

(DDF) methods on DIF/Faimess page

Tnis application s based on the free

I Software R and i shiny package.

prical oupus a douioad bution s provided. Moreover, on Reports page HTHL or POF report can be created. Addfionaly. all appication outputs are complemented by Sefected R code hence the simiar analy:
modiied in R,
Data
For demonstration purposes, by defaut, 20-iem dataset ar ffom R difn package is used. Ofher four datasets are avaiable: @iAT2 and nsar-s from dtfiLR package and nedical 100 and
package. You can change fhe datasef (and iry your ovn one) on page Data.
Availability
Appicalon can be Gownloaded a5 R package ffom GRAN. It aso avallabie online 2t Cze nces i and =
Version
5 127, Version avalble onine s 1.2.7. The newes! development version avalable on GIEHUD s 1.27.
Lubomir
Stepanek
List of packages used
orrplot) ) hrary (markdows)

Library(shiny)

kb Houdek
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ShinyItemAnalysis
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R package ShinyItemAnalysis downloads from CRAN

Package CRAN downloads over time

package

Enter an R package to see the # of downloads over time from the:
RStudio CRAN Mirmor. You can enter multiple packages to compare
them

—— Shinyitemanalysis

Packages:

ShinyltemAnalysis

of downloads

Data Transformation:

Dally
Weekly -
® Cumulative -
Date range: yyyy-mm-dd P -
20 to .
Created using the cranlogs package. This app is not affiiated with 20160 2017.01 201707 201801
Date

@
RStudio or CRAN. You can find the code for the app here, or read

more about it here. ShinyltemAnalysis

Title: Test and ltem Analysis via Shiny
Latest version: 1.2.7

ning and Test Validation |R meetup Warsaw, 2018
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ShinyItemAnalysis online app is used worldwide!

1 N { 302
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Teaching psychometrics
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ShinyItemAnalysis for teaching psychometrics

Who do we teach:
o Graduate students of different fields (Psychometrics )

e Faculties, university stakeholders

Some helpful features:

@ Toy datasets, allows to upload own data

@ Building models in a step-by-step way

@ Models, estimates, interactive interpretation of results
@ Interactive training and exercises

@ Provides sample R code
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o Five toy datasets are available
o Allows to upload and preview one's own dataset

ShinyltemANalysis Testandiemanalysis  About  Data  Sunmary -+ Vakdly - Hemanalysis - Regiession - IRT models

and el a1, 2017) s a real cataset of Homeastasis Concept I m R package. The espanses of 651 o5, 245 females) o tor20tems. 1
s crerion variabie - ndicalo whether sucenl plans o majr i he e scences.
Select dataset
AT -
Upload your own datasets
(o1 g s o) Heser T Gt e s, 10 o s s b g st ABCD ot e oo

21 group. s Iengih neeg 10 b th same 25 number o INANIGURI F2Sponden's i main cataset. 1 ne gro possivie 1o un DIF

A in case of adiission lests) which should be predicte urement. Again, s lengh needs o be he same as number ofindiicual

 the meast
i Precictive valciy secion on Validty page

riteion variabe s eiher discrele o contin

s header shoui be effer wmber of p olumn. you want 0 keep your own names, check bax Missing values
cored ataset ae y dtaun eva " K o Kewp mising values o
Choose aata (esv fle) Choose key (esv i) Ghoose groups for DIF (sptional) Ghoose criteron varabis (optenal)

Browse... | HCI_keyosy Brouse.. | HOLgoupcsy Bowse.. HoLmajorese

Browse... | HCLAB

+You ploated Check her

Separator Quote

o Comma None
semcalon ® Dounie Quete
o Single Quote

SO w

HissTTe

e
i i

and s Houcec
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Teaching psychometrics
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Summary of Total Scores

@ Summary statistics

@ Interactive histogram

ShinyltemANalysis restamtemanayss  About  Dala  Summary -  Vaidty - lemanabss -  Regiesson~  IRTmodels - DiFfamess - Repors  References

Analysis of total scores

Sum

1y table

Histogram of total score
Cutscors

»

ol score

BO®

1871
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Teaching psychometrics
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Criterion validity

@ Ony when criterion variable is available (study success, GPA, etc.)

o Available for total score as well as for items

ShinyteMANAIYSIS estantem sy Aboul  Dela  Summery = Vaity ~  flomanyss ~  Regresson = IRI models ~  Difffomness ~  Reporls  Relerences

Gorrlaton stucturo
Summary | ttems Prodicivo vaidiy.

Predictive validity

1 variablo 0.9, futur study succoss o futuro GPAin caso of adiss

ich should b precictod by the measurement. This outcoms variablo can bo uploaded in Data section. Then you can explore how

Toals
R —r—,
ShinyltemAnalysis 23 BO®
0017 Patisa artkova o etk Houcek Hasa717

Patricia Martinkova ShinyItemAnalysis for Psychometric Training and Test Validation | R meetup Warsaw, 2018 14/35



Teaching psychometrics
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Correlation structure

o Correlations between items
o ltem clusters

ShinyltemANalysis Testanditem analysis ~ About  Data  Summar

Valdfy - | femanaysis~  Regresson ~  IRT models

Correlation structure

Polychoric correlation heat map

fions oftems. The size and
e correlaton and red colorshay

corelaton plot ich o

iays 2 poly
are conrelated - lue color shaws

of cicles indicate how much the fems are

Jated (arger ang darker cicle means arger corrlation). The color of

relaion heal map can be reorder using herarchical clustering method below
connects clusters with the nearest neighbours, e, the distance

Wards method o based on minimizing the w

WAh number of clusters larger han 1, he rectangles representing custers are drau.
Number of clusters Clustering metnod
3 waras -

& Donnioad figure

= ShinyltemAnalysis Testan
18 Patic Martnkova. A
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Teaching psychometrics
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Traditional Item Analysis

e Difficulty, discrimination
e Cronbach’s alpha w/o item, index RIT, RIR, etc.

Hem analysi RPmodels -  DFfFamess -  Repors  Relerences

ShinyltemAnalysis restand temanaysis ~ About  Data  Summary ~  Vaids

Traditional item analysis

Tradtanal fem vect ansuers or emie

iscrimination plot

1 (lue) for ail s, ems are rdered by diclty

Discriminationis descrbed by difer percentcortect n upper and lower it ofstudents (Upper-Lowier Index, ULI. By ule of thumb & should notbe lower than 0.2 (borderine i the po), except for very easy orvery 6fcut fems.

e oeras by diuly)

alpha
Ipha s an estmate ofthe reliabify of 2 psychometi test 15 a funcian of he number o fems n  test, he average covariance between fem-pars, and he varance ofhe fotal score (Cronbach, 1951).
s

BO®

His:1871

ShinyltemAnalysis restan fem anayss | Verson 120

7 Patica Martnkova, Adefa Drabnova, Ondre] Leder and Jakub Houdek
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Teaching psychometrics
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Distractor Analysis

@ Displays option selection percentage by total score group
@ Number of groups can be changed

ShinylemANalySiS s nmayss  Aoost  Datn  Sommary - Ve - Regeosin = Wrmodes +  DFfFsiness < Repors  Refernces

vided into 3 roups by their ol scor
s wih e, e s0lld

aispay percentage of students n each o
reasing, The dsactor shou

BO®

vt Jakus Houdek Hesr1a7)

ShinyltemAnalysis Testans

©2017 Paticia Varinkova, Ade
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Teaching psychometrics
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Logistic Regression

@ Displays probability of correct answer by total score
e Parameterization can be changed (Z scores, IRT parameterization)

ShinytemANalySis e maten s Aot Das  Summary + Vakoty - Hem anayss -

Logistic regression on total scores

ftem 1

BO®

017 Patica Marinkova eder and Jakus Houdek His 1875
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Teaching psychometrics
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Nonlinear Regression

@ Allows for guessing (and inattention)

Reports  References.

Logisic
Logiste 7

iy
Logstc k12

e @ifcuty),parameter a ces

Model comparison

score Z-score) by e The RT
on pont (discrimination). Ths model alows for

Paints : er et tota score Theiesize s cetermined by Muinoma o answered fem conecty

Standarsizsd tosl scars (Z-scare)

& Dovnload fgure

‘ShinyltemAnalysis est and tem anabsi | Verson 12.0 BO®

Patrcia Martnkova, Adela Drabinova, Ondre Leder and Jakub Houdek 5:1880
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Teaching psychometrics
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Multinomial Regression

@ Allows for joint modeling of distractors

ShinyltemANalySiS stmdicnaayss  About  Daia  Summay«  Vaty - femanayss« | Regsson~  IRTmodels < DIfamess<  Repors  Relersnces
Multinomial regression on standardized total scores ::Z
s may be ited o describ tem properies i more deta Logmi Tz N0 ofprobabity of coosing gven diractors on sianca

Nonlinear IRT Z

Plot with estimated curves of multinomial regression
Model comparion
e cetermined by o selected given opton

Paints rep ofselecied apton wi

Probabilty of answer

Slanda'd\zcd’)nla\s:nve
Equation
ShinyltemAnalyss etans o B0

His.1875

©2017 Patnca Martnkova, Ade'a Drab.
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Teaching psychometrics
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IRT Models

o Conceptualized as nonlinear mixed effect models
@ More precise ability estimation

ShinyltemANalySiS restamstemanayss  Asou  Daia  Summary - Vakity~  lemanahss - Regiesson Rimocch - DiFfamess - Repors  Relerences

Three parameter ltem Response Theory model

Rasen
e Respansa Theory T)models ar mied afect egressn madets 1 e stdent abiy (et assumed o 5e a andom {11 {amiers. Aty hea) s o assumed o follw nomal disibutian
3PLIRT modelskous o ifeentdcrmiatonsof s 3, iferent e e b, an alows ko frnonzer R sympote |27
Equatior e
Pty ooy by ey 1 Mol ompaton
—
Item characteristic curves

Hem trace finas

Charscterstc and information curves

£ Download fgure

ftem information curves
ttom information trac lines.

ShinyltemAnalysis

nanayss | Version 120 BO«®

s 1576

©2017 Patrici Martnkova, Adela Drabinava, Ondre]Leder and Jakud Houdek
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Teaching psychometrics
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Dichotomous IRT Models - interactive training

@ Plots Item Characteristic and Information Curves (ICC and IIC)
based on selected parameters

Item characteristic curve Item information function
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Teaching psychometrics
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Polytomous IRT Models - interactve training

@ Plots Category Response Curves and Expected Item Score
based on selected parameters

Cummulative probabilities Category probabilities Expected item score
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Dichotomous IRT Models - check your understanding

IRTmodels -+ DIFFFaimess - Reporls  References.

ShinyltemANalysis Testandiom analysis ~ Aboul  Data  Summary - Valiity

Exercise 1

Consider ne folowng 2P
ftem1ia — 25,6 — 0
tem 20 — 15,6 — 0
For ese floms fl I folowing exercises wilh an accuracy of up 10 0.05. Then cick on Submit answers button. I you need a i, cick on blue bullon Wih question mark.

rems win paramerers
05

+ Sketeh tem charactensic and nfoms
+ Cakulate probabilty ofcorect answer o 21012 @
ttem -2 v -1 0-0 X e-1 x  6-2 x
0 o 04 0s 03
ttem 2 -2 v 0-1 v 00 v een v 02 x
02 05 08 03
+ For whatlevelofabilty 0 are the probabiltes cauar? ]
B x
02 e

- Which tem provides more nformaton for weak (6

rage (9 — 0)ana srong (0 — 2 sucents? [ Look at the fgure on he gt ide
Which curve does have large vaue or
desired levelof abilty 67

tem1 @ fem2

0-0 ® tem1 © tem2 v

0-2 ® fem1 © tem2 x cortect Try again

Submit answers

Exercise 2

w2 fems wih olown

tem 10 — 15,6 — 0,¢ — 0,d — 0
tom2:a = 15,b = 0,c da

b =0, ,d=0
Forhese flams fl I folowing exercises with an accuracy of up 1 0.05. Then cick on Submit answers bulton.

B ——
a1

- ShinyltemAnalysis Test
2018 Patica arinkor

dyss | Version 126
ova, Ondre] Lodar and
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Selected R Code

@ Sample R code may be run and modified in separate R session

ShinyltemANalySiS restanremarayss  About  Daia  Summary - Vakdey < Wemanabss - Represson«  imodch -  DIFfFamess -  Repors  Relerences

BO®

Hes 1880
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Teaching psychometrics
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ShinyItemAnalysis to promote our research

App promotes methods and research of our team:

@ Detection of Differential Item Functioning (DIF)
@ Detection of Differential Distractor Functioning (DDF)
e Why DIF/DDF analysis should be routine part of test development

@ etc.
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Teaching psychometrics
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Differential Item Functioning (DIF)

DIF: Students from two groups and with the same underlying latent
ability have different probability of answering the item correctly.

ShinyltemAnalysis et

@O®

Drabinova & Martinkova (2017): Detection of DIF with Non-Linear Regression:
Non-IRT Approach Accounting for Guessing. Journal of Educational Measurement,
54(4), pp. 498-517. doi 10.1111/jedm.12158
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Differential Distractor Functioning (DDF)

DDF: Students from two groups and with the same underlying latent
ability have different probability of selecting given options.

ShinytemMARAIYSIS imwiensmmpse Aot Dai  Summary - idy - lemanayss - Regmsan - RTmodes -
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Teaching psychometrics
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Why DIF Analysis Should Be Analyzed Routinely?

e Dataset HCI: significant difference in total score between males and
females, yet no DIF item!

@ Simulated GMAT data: total scores may have exactly the same
distribution, yet there may be DIF present in some items!

- N [ S S S, - | ——

0= 80

Martinkova, Drabinova, Liaw, Sanders, McFarland & Price (2017): Checking Equity:
Why DIF Analysis should be a Routine Part of Developing Conceptual Assessments.
CBE-Life Sciences Education, 16(2), rm2. doi 10.1187/cbe.16-10-0307
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Routine analysis of tests
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Routine validation of educational tests

Supporting tool for routine validation of educational tests:
@ Upload your own data
o Generate PDF/HTML report

@ Local or online version
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Routine analysis of tests
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Report generation - settings

@ Chose methods, customize settings
@ Chose report format (PDF/HTML)

ShinyltemANalySiS testanditem anaiysis ~ About  Data  Summary +  Vaiidty + IRTmodels ~  DIFfFaimess =  Reports  References.

Download report

Settings of report

TeX (o other TeX distbution). I you tion.please. use the HTML report.

<ni 1on 10 downloag 2 feportin HTML of PDF formal. POF 1

There s an option ot report Omer

a0 nciude your name Ino report as well

Format of report . Dataset
L HO! dataset

o POF

Content of

pots for each flam and multinomialregression plos fo each fem. Other analyses can be selected below:

Repe
Vaidity

@ Cometaon sinuciure

Number of clusters. Clustering method

1 wards -
@ Prediciv vaidi

Diffcutyidiscrimination plot

Number of groups: Which two groups to compare:

Distractors plots

e Number of groups:
@ Combinations ® 8
Distactors
hinyltemAn: 7 R
018 Pat d akub Houdek s 5776
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Routine analysis of tests
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Report generation

o Generate report (run analyses)
e Download report (compile text into HTML/PDF)

ShinyltemANalySis Tetadtomaraigis  About  Data  Summary - Vaidy -  lemanayss - Regussion~  RTmodels - DIFFamess < Repors  References

Number of groups: Which two groups to compare:

Distractors plots

Number of groups:

IRT model selection

None
Rasch
L
-
P -
N
DIF method ssisction L o Siings settings
 None - istogy Threshola VP
ea {0 Any DIF VS H1: No DIF
@ Defia plot
Nomal Unfform DIF vs H1: No DIF

10: Non-Unform DIF vs. Ht.

fem purficator

Unform 01 Unform OIF
Gorrection method Gorrection method
B - E -

cation

Recommendation: Repor generalion can be fasler and more eflable when you frstcheck sections o nfe

Forexample, i you wish 0

(e @ SPLIRT mogel. you can s visit IRT models secton and 3PL subsection.

Generate report

hinyltemAnalysis Testand o
i Martinkova, A

Patricia Martinkova ShinyItemAnalysis for Psychometric Training and Test Validation | R meetup Warsaw, 2018 32/35



Routine analysis of tests
Sample PDF report

Shing,
TtemAnalysis

‘Test and Item Analysis Report

| ;mlll.l_llm“m“

Patricia Martinkova
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Routine analysis of tests
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Report generation workflow

report

shiny .
{environment}yﬂrmarkdownH knitr }/\‘ HTML
report

@ shiny provides a user interface

e rmarkdown for creating templates for PDF/HTML report generation
@ knitr for compiling R markdown syntax into HTML/PDF

e TEX for creating PDF reports (latest distribution of IATEX is needed)
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Conclusion and Discussion

ShinyItemAnalysis is an R package and online application for
interactive and step-by-step analysis of educational tests. It is useful for:
@ TEACHING of psychometrics and educational measurement
o offers example datasets, upload of new datasets
e visualization, interpretation of results
e sample R Code

e ROUTINE VALIDATION OF EDUCATIONAL TESTS

e generates extensive reports for supplied data

ShinyItemAnalysis also promotes our RESEARCH in DIF/DDF
detection

‘ https://shiny.cs.cas.cz/ShinyltemAnalysis/ ‘

martinkova@cs.cas.cz
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Shiny
TtemAnalysis
III..

Thank you for your attention!
WWW.CS.cas.cz/martinkova
martinkova@cs.cas.cz
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