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Outline of the Talk

Rationale

2ÅÃÏÎÃÅÐÔÕÁÌÉÚÉÎÇ ȰÉÔÅÍÓȱ ÁÎÄ ÔÅÓÔ ÃÏÎÔÅÎÔ

Item models and automatic item generation (AIG): 
mechanisms for mass producing items

#ÏÇÎÉÔÉÖÅ ÔÁÓË ÍÏÄÅÌÓ ÁÎÄ ȰÉÔÅÍ ÆÁÍÉÌÉÅÓȱȡ ÁÎ ÅÎÇÉÎÅÅÒÉÎÇ 
approach to scale and test development

Quality control (QC) for item families
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Why Use Automated Item Generation and 
Principled Item Design Technologies?

ȰThe demand for large numbers of items is challenging 
to satisfy because the traditional approach to test 
development uses the item as the fundamental unit of 
currency. That is, each item is individually hand-
craftedɂwritten, reviewed, revised, edited, entered into 
a computer, and calibratedɂas if no other like it had 
ever been created before.ȱ 

Drasgow, Luecht & Bennett, Educational Measurement, 4th Edition, p. 473
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Traditionally, the quality of test item generation has been 
dependent on the experience and interpretation of content 
specifications by item writers ( Schmeiser& Welch, 2006)

Principled item design (Bennett, 2001; Irvine, 2002) is 
rapidly evolving from theory to practical implementation
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<Patient.article><Patient.description.age>
<Patient.description.occupation> 
άcomes toέ ғSetting.descriptionҔ άcomplaining ofέ
<Patient.ailment.symptom1>  <Patient.ailment.symptom1.duration>
<Patient.ailment.symptom2>  <Patient.ailment.symptom2.duration>
<Patient.history.activity.recent>
<Patient.physicalexam.temp=# C, (convert(C,F))>
<Patient.physicalexam.pulse=#/min>
<Patient.physicalexam.respiration=#/min>
<Patient.physicalexam.bp=#1/#2>
<Patient.physicalexam.symptom1>
<Patient.physicalexam.symptom2>  ά²Ƙŀǘ ƛǎ ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ŎŀǳǎŜ ƻŦέ

<Patient.ailment.prime_symptomҔ άΚέ
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Where is the in the cerebral cortexõs
parietal lobe?  (Click on the appropriate area of 
the picture, below)
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Simulations
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Selected-Response

Constructed- and 
Extended Response

Technology-
Enhanced
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ÅStimuli, prompts and problem 
instructions
ÅExhibits
ÅAuxiliary tools/resources
ÅResponse capturing
ÅResponse data
ÅScoring evaluators
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AIG in Three Steps*

The content required for the generated items is identified 
by test development specialists and defined as a cognitive 
model

An item model is developed by the test development 
specialists to specify where content is placed in each 
generated item

In Step #3, computer-based algorithms are used to place the 
content specified in Step #1 into the item model developed 
in Step #2

* Gierl, Lai & Turner (2012). Using automatic item generation to create multiple- choice test items. 
Medical Education, 46,757ɀ765
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[AGE] (Integer): From 25.0 to 60.0, by 5.0
[GENDER] (String): 1: man 2: woman
[PAIN] (String): 1: 2: and intense pain 3: and severe pain 4: and mild pain
[LOCATION] (String): 1: the left groin 2: right groin 3: the umbilicus 4: an area near a recent surgery
[ACUITYOFONSET] (String): 1: a few months ago 2: a few hours ago 3: a few days ago 4: a few days ago 
after moving a piano
[PHYSICALFINDINGS] (String): 1: protruding but with no pain 2: tender 3: tender and exhibiting redness 
4: tender and reducible
[WBC] (String): 1: normal results 2: normal results 3: elevated white blood cell count 4: normal results

A 25-year-old man presented with a mass in the left groin. It occurred suddenly 2 hours ago while lifting 
a piano. On examination, the mass is firm and located in the left groin and lab work came back with 
normal results. Which of the following is the next best step?

A [AGE]-year-old [GENDER] presented with a mass [PAIN] in [LOCATION]. It occurred 
[ACUITYOFONSET]. On examination, the mass is [PHYSICALFINDINGS] and lab work came back with 
[WBC]. Which of the following is the next best step?

Contextual features: exploratory surgery; reduction of mass; hernia repair; ice applied to mass
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Sample AE Math Task Model and Templates

Lai, H.; Gierl, M. & Alves, C. (2010).  Generating Items under the AE Framework.  
Invited symposium paper at the Annual Meeting of NCME, Denver
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AE Item Production

Lai, H.; Gierl, M. & Alves, C. (2010).  Generating Items under the AE Framework.  Invited 
symposium paper at the Annual Meeting of NCME, Denver
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Multiple -Language AIG*
Human translations add expense and error on top of an 
already expensive process of artfully crafted items

Translated English-generated medical licensing 
examination multiple-choice items into Canadian French 
ÁÎÄ #ÈÉÎÅÓÅ ÂÙ ÁÄÄÉÎÇ Á ȰÌÁÎÇÕÁÇÅ ÌÁÙÅÒȱ ÔÏ ÔÈÅ ÉÔÅÍ ÍÏÄÅÌÓ

3ÔÉÌÌ ÐÁÒÔÌÙ Á ×ÏÒË ÉÎ ÐÒÏÇÒÅÓÓ ÓÉÎÃÅ ÔÈÅ ȰÁÒÔȱ ÏÆ ÔÒÁÎÓÌÁÔÉÏÎ 
is seldom exact, given the nuances of language

Sin embargo... el "arte" de la traducción es raramente exacto

However... the 'art' of the translation is rarely accurate

* Gierl, Lai & Turner(2012). MedicalEducation. Gierl, Fung,Lai & Zheng(2013). NationalCouncil

onMeasurementin EducationSymposiumPaper.
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AIG model premise:  number series problemsare a 
convenient format to measure some aspects of numerical 
reasoning (application of rule-based induction) and are 
amenable to algorithmic item design

There is a matureȰÔÁÓË ÍÏÄÅÌȱ ÆÏÒ ÎÕÍÂÅÒ ÓÅÒÉÅÓ ÐÒÏÂÌÅÍÓ 
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AIG Ąless human involvement ($$$)
AIG without STRONG quality controls and evaluation 
criteria is not fruitful
Standards that depend on projected use and  quality of 
evidence

Quality of item content
Predictability of item parameters
Impact of item predictability on score reliability

(Ï× ÍÕÃÈ ÓÈÏÕÌÄ ÔÒÁÄÉÔÉÏÎÁÌ ȰÃÏÎÔÅÎÔ ÂÌÕÅÐÒÉÎÔÓȱ ÄÒÉÖÅ 
these standards?



20



21



22



23

Easier Tasks
(Low Complexity)
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Task Model Grammars (TMGs) are domain-specific 
languagesthat describe the intended cognitive complexity 
design featuresfor families of  assessment tasksɂthe Task 
Models

Content and declarative knowledge components

Procedural skills needed

Tools, resources
Contextual conditions

Task Model Maps (TMMs) provide a distribution of Task 
Models on a scale
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Task Model Mapping: Locating Intended
Challenges to Support Evidence-Based Claims

Skill =identify
Objects = one, simple concept
Relations =none
Context=match word Ą definition
Tools=none

Skills= identify, compare, evaluate
Objects = 3-4 complex properties
Relations= hierarchical (3 levels) 
Context=complex text, dense info.
Tools= facilitative if used correctly
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Fixed-specification task models

Number of task models = no. of test items

Each task model is essential

Domain-sampled task models

Multiple task models per location

Task models are considered exchangeable at a particular 
location

Self-adaptive performance task models

Template components are manipulated to change the 
information (location)

Optimal reconfiguration of components
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