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Introduction and purpose of this 
session

ÁThis session will present some of the theory 
behind assessment analysis to put the numbers 
into context

ÁThe discussion will be as non-technical as 
possible with a more applied approach

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

ÁIf you have questions please do ask during the 
session
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Agenda

ÁA brief review of the theory

ÁPutting theory into practice, some Questionmark 
tools

Â Score List Report, Coaching Report, Transcript Report

Â Item analysis report

Â Test analysis report

Â Results Management System (RMS)

ÁSummary

ÁQuestion and answer period



Copyright © 1995 -2008 Questionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. 
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged.

Questionmarkôs 2008 Users Conference ËSan Antonio

Slide 4

CTT and IRT, what's the diff?

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

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

ÁBeen around a long time (most of the 20 th century)

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

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

ÁRelatively simple to compute (not fitting data to a model)

ÁHas a different set of assumptions from IRT
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CTT and IRT, what's the diff?

Á IRT (Item Response Theory) is an alternative that some of us may 
have heard of or use:
Â a-parameter: Item discrimination

Â b-parameter: Item difficulty

Â c-parameter: Item ñpseudo-guessingò information

Á Been around since the 1960s (Lord)

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

Á More complex to compute (fitting data to a model)

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

Á More information: http://edres.org/irt/

http://edres.org/irt/
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CTT and IRT
CTT item analysis

IRT item 
analysis: Item 
characteristic 
curve (ICC)
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CTT and IRT

ÁWhat is ñbetterò CTT or IRT? Each are used for their own 
purposes and have pros and cons

ÁQuestionmark currently uses CTT in our products

ÁFlexible in terms of sample sizes

ÁFast to compute with few or no computational ñgotchasò

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

ÁCTT meets the needs of 99% or more of customers

ÁCTT statistics are related to IRT statistics to some degree
Â P-values are highly correlated with b-values

Â Point-biserial correlations are highly correlated with a-values

ÁWe will be discussing CTT today
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Reliability

ÁñReliabilityò is used in every day language: ñMy 
car runs reliablyò means it starts very time

ÁWe are going to be talking about test score
reliability

ÁEssentially: How consistently the test 
scores measure a construct

ÁWe canôt go into all the detail here today, for a 
good primer into the theory see: Traub, R.E. 
(1994). Reliability for the Social Sciences: Theory 
& Applications. Thousand Oaks: Sage.
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Reliability (briefly, the theory)

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

ÁWhat is being measured is the ability, trait, construct, 
latent variable of interest (a massage therapy 
certification exam may measure ñmassage 
knowledge/skills,ò an investment banking test may 
measure the construct ñknowledge of investment 
bankingò)

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

observed score = theoretical ñTrueò score + error
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Measurements and error

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

78.9 77.5 78.1 78.7 78.0 77.9 78.4
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Measurements and error

Measurements made by a test question of a 
construct are imperfect (participant fatigue, 
psychological variables, etc.)

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

Q1

Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
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Reliability

Á Four approaches for measuring reliability:
1. Internal consistency: Correlations of items 
comprising the test (how well do they ñhang 
togetherò)

2. Split-half (split-forms): Correlation of two forms 
(splits) of the test (first 25 items versus last 25)

3. Test-retest: Correlation between multiple 
administrations of the same test

4. Inter -rater reliability : Correlation between two or 
more raters (markers) who rate the same thing (e.g., 
provide essay scores)



Copyright © 1995 -2008 Questionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. 
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged.

Questionmarkôs 2008 Users Conference ËSan Antonio

Slide 13

Reliability: Internal consistency

Q2 Q3

Q4 Q5 Q6

Q7 Q8 Q9

Q1
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Reliability: Internal consistency

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

ÁCronbachôs Alpha
Â Cronbach published in 1951
Â Designed for dichotomous and non-dichotomous (continuous, 1 

to 5) items
Â Generally values range from 0 to +1 (closer to +1 = higher 

reliability)

ÁQuestionmark uses the Cronbachôs Alpha on the Test 
Analysis Report and Results Management system

ÁGreater than 0.90 (high - acceptable for high stakes), 
0.70 to 0.89 (moderate - acceptable for medium stakes), 
below 0.7 (low)
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Reliability practicalities

ÁWhat factors / test characteristics generally influence 
reliability coefficient values?
Â Item 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

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

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

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

Â How many questions are administered: Generally the more 
questions administered the higher the reliability
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Reliability and validity

ÁValidity (test scores) refers to:

Â Whether the test is measuring what it should be measuring

Â The processes followed to create the test and test questions

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

Â That the test results predict the intended outcomes

Â That the scores are use appropriately

ÁSo validity is not ña numberò it has to do with following 
best practices, conducting studies and research, using 
results fairly, etc.

ÁIn order for an assessment to be valid it must be reliable
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Bringing the theory home

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

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

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

ÁLets get into some specificsé
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Providing meaningful scores to 
participants

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

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

ÁMany here are likely familiar with the Score List 
Report, Coaching Report, and Transcript Report 
so we wonôt spend time on this here today
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Score list report
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Coaching Report
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Transcript report
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Assessment and item quality

ÁThe scores that are reported to participants and 
other stakeholders must be derived from high 
quality questions

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

ÁTwo core aspects of question quality has to do 
with the analysis of difficulty and discrimination
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Item difficulty and discrimination

ÁItem difficulty:

Â P-value: Proportion of participants selecting the ñcorrectò 
response or raw score converted to a percentage

ÈFor a true/false (scored 1/0) question (true is the right answer) 
0.650. 65.0% of participants selected ñTrueò

ÈFor 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%

ÁItem discrimination:

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

Â Outcome discrimination: The Upper group minus the Lower 
group
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Item difficulty

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

ÁQuestion difficulty has to do both with the question and 
the participant
Â ñThis question is easy because lots of participants selected the 
correct answerò

Â ñThis participant got this question right and so they have 
demonstrated knowledge/skills at this levelò 

ÁQuestion difficulty is on a scale that is related to 
participant ñabilityò (knowledge/skills)
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Item discrimination

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

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

Á Novices in the same area should get lower scores on the question 
and lower scores on the overall assessment
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Using the Item Analysis Report
Á Composed of several sections:

Â Information section
Â Item difficulty (p -value) histogram and Item discrimination (outcome 

discrimination) histogram
Â Question by question detailed analysis
Â Summary information

Á Information section provides details regarding when the report was 
created, etc.
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Using the Item Analysis Report

ÁSummary information (at the bottom of the report)
ÁProvides a summary of the average p-value, 

discrimination and item total correlation



Copyright © 1995 -2008 Questionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. 
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged.

Questionmarkôs 2008 Users Conference ËSan Antonio

Slide 28

Using the Item Analysis Report

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

ÁProvides a summary of the # of item by difficulty and 
discrimination Most items in 

the average 
difficulty range

Some harder Some easier

Most items 
have good 
discrimSome 

worse
Some 
better



Copyright © 1995 -2008 Questionmark Corporation and/or Questionmark Computing Limited, known collectively as Questionmark. All rights reserved. 
Questionmark is a registered trademark of Questionmark Computing Limited. All other trademarks are acknowledged.

Questionmarkôs 2008 Users Conference ËSan Antonio

Slide 29

Using the Item Analysis Report

ÁQuestion by question detailed analysis

ÁProvides a detailed analysis of each question

Ran out 
of time?

Item 
difficulty, 
too 
hard?

Not 
enough 
high, 
too 
many 
low?

Point-
biserial 
correlation

A lot of people thought 
these were the correct 
answers, is this being 
taught properly or are there 
item wording problems?

The 
more 
the 
better
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Using the Item Analysis Report

Lower #

Hard 
question

Lots of 
high, no 
low 
(great!)

Correlation 
reflects 
the 
high/low 
split

Alternatives are 
pulling more of 
the low than 
the high, all are 
pulling some 
people
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Using the Test Analysis Report
ÁComposed of several sections:

Â Information section
Â Table of test statistics
Â Topic level statistical breakdown
Â Frequency distribution
Â Histogram

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

Remember, reducing sample 
size reduces measurement 
precision
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Using the Test Analysis Report
Á Table of test statistics and Topic level statistical breakdown

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




