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Questionmark

Introduction and purpose of this
session

A This session will present some of the theory
behind assessment analysis to put the numbers
Into context

A The discussion will be as nontechnical as
possible with a more applied approach

A Questionmark tools that can help evaluate the
performance of assessments and assessment
items will be presented with applied examples

A If you have guestions please do ask during the
session
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Questionmark

Agenda

A A brief review of the theory

A Putting theory into practice, some Questionmark
tools
A Score List Report, Coaching Report, Transcript Report
A [tem analysis report
A Test analysis report
A Results Management System (RMS)

A Summary
A Question and answer period
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Questionmark

CTT and IRT, what's the diff?

A CTT (Classical Test Theory) is what we all know and
love:
A P-values

A Discrimination statistics (point-biserial correlations, high minus
low performance, etc.)

A Been around a long time (most of the 20 " century)

A Works very well for most applications and by far the
most widely used form of item/test analysis

A Ability to work with smaller sample sizes (e.g., 150-200
or less)

A Relatively simple to compute (not fitting data to a model)
A Has a different set of assumptions from IRT
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Questionmark

CTT and IRT, what's the diff?

A IRT (Item Response Theory) is an alternative that some of us may
have heard of or use:

A a-parameter: Item discrimination

A b-parameter: Item difficulty

A Cparameter : l-gt ueens shipnsgeou dionf or mat i on
Been around since the 1960s (Lord)

Makes things like computer adaptive testing (CAT) and advanced
test development techniques possible

More complex to compute (fitting data to a model)

Requires larger sample sizes depending on the number of
parameters, more parameters more participant responses needed
(e.g., 700+ for 3 -PL)

More information: http://edres.ora/irt/
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CTT and IRT

CTT item analysis

Question - The speed of the rotating magnetic field is determined by the frequency of the supply current and the number of

poles on the stator.

Humber | Number P Value Item Item Total Outcome Information
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Results | Answered Correct
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Questionmark

CTT and IRT

AWhat is fAbetterdo CTT or | RT?H
purposes and have pros and cons

A Questionmark currently uses CTT in our products
A Flexible in terms of sample sizes
AFast to compute with few or

A People are familiar with these statistics and so do not
require learning a new measurement model

A CTT meets the needs of 99% or more of customers

A CTT statistics are related to IRT statistics to some degree
A P-values are highly correlated with b-values
A Point-biserial correlations are highly correlated with a-values

A We will be discussing CTT today

Questionmarkos 2008 &sSanrAstonit ol n %r t;g]n G
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Reliablility

AAReliabilityo is used in
car runs reliablyo means

A We are going to be talking about test score
reliability

A Essentially: How consistently the test
scores measure a construct

AWe canod6t go into all t he
good primer into the theory see: Traub, R.E.
(1994). Reliability for the Social Sciences. Theory
& Applications. Thousand Oaks: Sage.
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Questionmark

Reliability (briefly, the theory)

A An assessment is a measurement instrument comprised
of many individual measurements (questions/items)

A What is being measured is the ability, trait, construct,
latent variable of interest (a massage therapy
certi ficat n exam may meas.

| O
knowl edge/ skill s, 0 an invest
measure the construct AdAknowl
banki ngo)

A All measurement instruments have error in their
estimates, so the traditional view of test score reliability
says that a personos:

observed score = t heoreti i c

Questionmar kés 2008 &sSanrAstoniG 0|"n %r g;e;]n c
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Questionmark

Measurements and error

/°7 Measurements made by a thermometer of
temperature are imperfect (atmospheric
variables, sunlight, etc.)

To mitigate this take lots of measurements using

different, high quality thermometers
78.2

N T T T

/89 775 781 78.7 78.0 /7.9 /8.4
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Questionmark

Measurements and error

Measurements made by a test question of a
Q1 construct are imperfect (participant fatigue,

w psychological variables, etc.)

To mitigate this take lots of measurements using
different, high quality questions
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Questionmark

Reliablility

A Four approaches for measuring reliability:

Slide 12

1.

Internal consistency. Correlations of items

compri sing the test (how v

t oget her o)
Split-half (split-forms): Correlation of two forms

(splits) of the test (first 25 items versus last 25)
Test-retest: Correlation between multiple

administrations of the same test
Inter -rater reliability : Correlation between two or

more raters (markers) who rate the same thing (e.g.,

provide essay scores)
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Questionmark

Reliability: Internal consistency

Q4 ~— Q5 «— Q6

Q7 +— 08 «— Q9

i ‘r e ':n c
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Questionmark

Reliability: Internal consistency

A Kuder-Richardson Formula 20 (KR20)
A First published in 1937
A Designed for dichotomous (1/0, right/wrong) items
A Values range from O to 1 (closer to 1 = higher reliability)

ACronbacho6s Al pha
A Cronbach published in 1951

A Designed for dichotomous and non-dichotomous (continuous, 1
to 5) items

A Generally values range from 0 to +1 (closer to +1 = higher

) reliability)

AQuestionmark uses the Cronbe
Analysis Report and Results Management system

A Greater than 0.90 (high - acceptable for high stakes),
0.70 to 0.89 (moderate - acceptable for medium stakes),
below 0.7 (low)

Questionmarkos 2008 &sSanrAstonit ol n %r t;g]n G
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Reliability practicalities

A What factors / test characteristics generally influence
reliability coefficient values?

Slide 15

A

ltem difficulty : Items that are extremely hard or extremely easy
affect discrimination and therefore reliability. If a large number of
participants do not have time to finish the test this affects item
difficulty

ltem discrimination: Items that have higher discrimination values
will contribute more to the measurement efficacy of the
assessment (more discriminating questions = higher reliability)

Construct being measured If all questions are measuring the
same construct (e.g., from the same topic) reliability will be
Increased

How many participants took the test : With very small numbers of
participants the reliability value will be less stable

How many questions are administered: Generally the more
questions administered the higher the reliability

Questionmarkds 2008 E§aanrABton|60i
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Questionmark

Reliability and validity

A Validity (test scores) refers to:
A Whether the test is measuring what it should be measuring
A The processes followed to create the test and test questions

A That experts have had a chance to review and rubber stamp the
processes

A That the test results predict the intended outcomes
A That the scores are use appropriately

ASo validity is not fa number
best practices, conducting studies and research, using
results fairly, etc.

A In order for an assessment to be valid it must be reliable

Questionmarkos 2008 &sSanrAstonit ol n %r t;g]n G
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Questionmark

Bringing the theory home

A Reliability and validity refer to the quality of tests
and test items which translates into test scores

A Conducting analyses (analytics) on the test and
test items will determine how well the questions
are performing and how well the participants
understood the material

A Understanding how to use the analytic tools at
your disposal will help ensure high quality tests

ALets get into some spec.]

n % 4T e hc
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Questionmark

Providing meaningful scores to
participants

A One of the most important aspects of the
assessment process has to do with providing
meaningful scores to participants

A Depending on the stakes/purpose of your
assessment program appropriate feedback to
stakeholders (one of which is generally the
participant) is crucial

A Many here are likely familiar with the Score List
Report, Coaching Report, and Transcript Report
SO we wonot spend ti me
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Score list report

Questionmark
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Coaching Report

Coaching Report

EX YN[

Datribee » 8] H] = 53 S

Oxtiars
Note: This result has heen manually modifled
Particpant name Fetmr Smet Time taken
Partiopant group Class 1 States f Ty
Assessment author Manage! Total score €
Assesemere name Art quz Maimern sooce t
Agseszment 10D a3 1240 Percertage score o
Assossmont last modFed Marzh 7 v Queshons precented '
Assesement descrpbon Agasist garacal knowledgs  Quastions ancwered
of art
Date/ume started Morzh 7 2 Asgescment outcome Labed
Oate/time finshed March 7 121 Assessement outcome feedback
Dae/ume of making reporn March 7, 2008 « 1:2
Filtors:
Ho thiess speched
Questions
1 7 ’ Question Description X

Tope

Score (Actual/Max)

A Seuiptyre
Quostion werding Veatibulem unte ipaunm domis o fausibus seo Iuctus of utnices pesosre culsiis Curse: Algasn o
Question type
Fossbie outcomes Hanry Moare; 3 - 2 Mitaelangelo; 4 - 3 Rmde
Outcome(s) chosen
Full answer Tod Ul PErIPICIalS whSe SOTint (Eke MALUS ErPt S veluptatemm
Actunl seore )
Mmamum score |
feadback shown nehe
Scoring
Name Comment
Grammar Ne2os 1o be mare careful with peaczusbon
Musncy Aansas reedam, turps id lnonous bheadum
Performance UL enim ad swiima vemam, s NONIUM Exerolatonem
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WV Scoee
A Serchmark

L ArtSculpture
Coenpanscn
WV Score
A Bercnmark

Overall
Assessment
Comparson
¥ Score

A Benchmark
Comparisons
Descripton
ArtPainteg
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¥ Partopant
A NN

A Lyerage

A Max

Arnseupture
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A Min
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Transcript report

| ReportURL Back Home

Participant: John Doe

Report generated: July 9, 2007 - 17:43 ? Page 10f1
Filters for this report
No fiters specified
_———
Assessment name 13t Mudterm exam
Assessment author Miss Jane Simmons
Participant group
Participant details
IP addross
Status Fanished nomally
Datetime started April 3, 2007 - 13:02
Datetime finished Apnl 3, 2007 < 1427
Total score 12
Maximum score 43
Percentage score 28%
Time taken 1:25.44
Assessment outcome label Fail
Y
Assessment name 2nd Midtetm exam
Assessment author Migs Jane Simmons
Participant group
Participant details
IP address
Status Fuished nomally
Datetime started June 14,2007 - 900
Dste/time finished June 14,2007 - 10:31
Total score 19
Maxdmum score 53
Percentage score B%
Tune taken 1312
Assessment outcome label Fail
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Questionmark

Assessment and item quality

A The scores that are reported to participants and
other stakeholders must be derived from high
guality questions

A In order for the participant to obtain meaning
and achieve learning from assessment results the
assessments must measure what they are
supposed to measure reliably

A Two core aspects of question quality has to do
with the analysis of difficulty and discrimination

n % 4T e hc
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Item difficulty and discrimination

A Item difficulty:
A Pval ue: Proportion of participar
response or raw score converted to a percentage

E For a true/false (scored 1/0) question (true is the right answer)
0. 650. 65. 0% of participants sel e

E For a 0-5 question if the mean on the question is 3.75/5 then the p -
value is 0.750 (3.75/5=0.750). The average score on the question is
75%

A Item discrimination:

A Point-biserial correlation (item total correlation): The correlation
between the question scores and overall assessment scores for
all participants

A Outcome discrimination: The Upper group minus the Lower

group
Questionmarkodés 2008 &sSanrAstoni6 ol n %r Fe;]n c
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ltem difficulty

A How a participant responds to a question says something
about what they know and can do

A Question difficulty has to do both with the question and
the participant

ANThi s question I s easy because |
correct answero
ANThis participant got this quesH
) demonstrated knowledge/ skill s at
A Question difficulty is on a scale that is related to
participant nabilityo (knowl
1.00 0.75 0.50 0.25 0
p-values ,
Easy item Hard item
Weak participants Most participants Only strong participants
can get these are here can get these
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; opyright © 1995 - uestionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. “es® £, = 1
Slide 24 © ight © 1995 -2008 Q i k C i d/or Q i k C i imited, ki llectivel Q i k. All righ d .o~ N
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged. e, ol



Questionmark

ltem discrimination

A Discrimination refers to how well an item discriminates/differentiates
between participants of different knowledge/skill levels

A Experts in an area should get higher scores on the question and
higher scores on the overall assessment

A Novices in the same area should get lower scores on the question
and lower scores on the overall assessment

5
L
™ L
* . @
kem score - " .
[
. L
* *
* .
3
Assessmemt score 20 {High}
{Hovice) {Average participant (Expert) -
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Using the Item Analysis Report

A Composed of several sections:
A Information section

A Item difficulty (p -value) histogram and Item discrimination (outcome
discrimination) histogram

A Question by question detailed analysis
~ A Summary information

A Information section provides details regarding when the report was
created, etc.

Report | Back Home
Report generated: March 12, 2008 - 14:43 Page 1 of 1

Filters for this report

Mo filters specified

Assessment State Capitals Quiz :‘::;tl]tir of 134
AssessmentID  (306022853130366 Date first taken  May 28, 2003 - 14:51
auther o QM Tech Suppor Date lasttaken  September 16, 2003 - 9:31
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Using the Item Analysis Report

A Summary information (at the bottom of the report)

A Provides a summary of the average p-value,
discrimination and item total correlation

Mean of PP Value

Proportion 0.45
Correct
Mean of ltem

T 0.64
Discrimination
Mean of ltem

. 0.43
Total Correlation
Questionmar kds 2008 &sSanrAstoni€ ol
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Using the Item Analysis Report

A Item difficulty (p -value) histogram and Item
discrimination (outcome discrimination) histogram

A Provides a summary of tha.#.of itam hy difficulty and

discrimination Most items in
the average

Some harder - E dlfflculty range

1IJ
0.20..0.29 0.560..0.58

-~ ____ Some easier

¢

~ Most items =
have good SN

™™ Some —— discrim — Some
worse @ better
-1.00..-0.30 -0.29..-0.20 -0.19..-0.10 0,090,000 001,040 0.11.0.20  0.21. 0.41..0.50 051,060 061070 0.71..0.80 0.81..

i‘
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Using the Item Analysis Report

Fihe StiCem  Uestion detailed analysis

: more . difficulty, . —y . i
fie  videws — ailet?™c —sis of each question
pu R correlation

erial

Humber Humber P Value Item /em TAXI‘ Outcome Information
of Hot Proportio iscriminatjon |/ Correlatio
Results | Answered Correct
4“ 12 0.25 0.41 0.31 Qutcome P Proportion | Upper | Lower Qutcome Cutcome
Name {I?Dc:urred Ser:::ted Gi:upﬁp Group | Discrimination  Correlation
requency}
Beaverton 0 0.00 0.00 | 0.00
Rfa:[Ijl Ou; Not Salem 025 (053 | 012 | 041 0.31
or time - B
enough <__Portland 11 025 024 | O 012 -0.13
high, T_Eugene 10 023 | 024 | 0 012 018
g
too A lot of people thought
mar;y these were the correct
low answers, is this being
| | taught properly or are there =
item wording problems? SanrAstoni ofn fr g c
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Questionmark

Using the lte efects alysis Report

Number

Results

Hard hlgh/Iow

queStlon Sp“t uth Dakota

Qutcome Information

40

0.28 ’ ) Cutcome s Proportion  Upper | Lower Cutcome Cutcome
\ / Hame {I?D::urred Selected  Group  Group | Discrimination | Correlation
requency}
M City 10 025 | 009|029 \07”}0\ -0.26
Lower # If_]OtE of | SF'E?””; 9 022 |009 |04 -u.na/ 029
|OI\?V : 1o ‘u“u’amﬁm- 0.10 000 024 -0.21 -0.30
(great!) Alternatives are a(& 0.00 @ 0.73
pulling more of 100 | 000

the low than

the high, all are

pulling some

Slide 30

people

Questionmar kos

2008

& SanrAstoniG o| n 'f’ fr
Copyright © 1995 -2008 Questionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. i
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged.

"Y

%an



Questionmark

Using the Test Analysis Report

A Composed of several sections:

A Information section

A Table of test statistics

A Topic level statistical breakdown
A Frequency distribution

A Histogram

A Information section provides details regarding when the
report was created, etc.

Test Analysis Report

. _— Agsessment
Assessment name  Electrical Skills Exam

description
Assessment author Brian MclMamara Agsessment 1D 9667425225163598
ﬁfﬂfﬁﬁeﬂ“e”t last  \1ar 03 2008 00-00-00 Report date & time Mar 03 2008 154019
ilters .
Al dates Remember, reducing sample
Farticipants who finished s|ze reduces measurement o
precision 8 & sSanrAstonic ofn ir Fe;]n c
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Using the Test Analysis Report

A Table of test statistics and Topic level statistical breakdown

A Provides the statistical details for the overall assessment as well as
at the topic levels

Table of Test Statistics

|7.84/54 0.19/54
Mumber of examinees |72 Mean (33.04%) Standard error of mean (0.35%)
) ) | 7/54 1.81/54
Mumber of items 54 Median (31.48%) Standard errcr of measurement (3.35%)
. . | 7/54
Maximum possible score 54 Mode (31.48%) Skew -1.381
o ) 4/54 o 2.48/54 )
Minimum achieved score (7.41%) Standard deviation (4.59%) Kurtosis 10.48
27/54 6.16/54
Maximum achieved score (50%) WVariance (11.41%) Test reliability (Cronbach’s Alpha) 0.47
Reliability is most meaningful if all items cover the same subject area.
Reliability (Topic Level)
Topic MNumber of items Mean Standard deviation  Reliability
) ) o 10.96/31 i .
Skills Test\Electrical\AC Motors 31 (35.35%) 129731 (4.16%) 0.235
Skills Test\Electrical\High Veoltage Switch 13 4al/13 0.63/13 (5%] 0.352
ills Test\Electrical'High Voltage Switchgear (33.92%) : (5%) .
i ) . 2.55/10 i i
Skills Test\Electrical\Synchronous Motors |0 35 55, 0.88/10 (8.8%) 0.552 ——_
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