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Testing and computer technology

• Use of computer technology in many aspects 
of assessment is often a matter of course

Development

Analysis

Reporting

Scoring

and increasingly, Administration
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Technology and CBT

• CBT as a medium for giving tests is maturing
– Away from static linear forms

– Increased interest in taking advantage of graphical, 
video, and audio capabilities

• Reconsideration of what examinee responses 
could look like (Bennett, 1998)
– Goal: enhancing measurement information
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Novel item types

• Why develop or use new item types?
– Potential for greater alignment of test items with 

construct(s) of interest
• For example, NBME’s Step 3 Computer-Based Case 

Simulations (CCS); also, the AICPA’s new CPA Exam

– Increased interest among test developers and 
examinees in more “active” or “engaging”
assessment methods
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Focus for today

• A framework for thinking about items and 

item types in computer-based testing

• Lots of examples

• Issues and research needs
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Purposes

• Introduce the possibilities that are out there for 
computerized testing

• Think about tests and test items in terms of 
information value
– What do different item types bring to measuring a 

construct?

• Talk about the state of research and identify 
needs
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Caveat to the Presentation

• No skeptics allowed (until later)
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What is a test item?

• From Osterlind (1990):
“…a unit of measurement with a stimulus and 

prescriptive form for answering; (…) it is 
intended to yield a response from an examinee 
from which performance in some psychological 
construct may be inferred”
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What is a test item?

• The first part of a test item is the stem
– This is where a question is asked or a task to be 

completed is laid out

– Must be explicitly clear to examinees what they 
need to do
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What is a test item?

• The second part of a test item is the response, 
where students answer as directed in the stem

• Can take many forms
– Selected or constructed response

– More constrained to less constrained
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Response actions

• Parshall, Davey, & Pashley (2000)
– What should examinees know and be able to do 

relative to a specified construct?

– What kind of information should be gathered from 
examinees?

– In what ways can that information be represented?

– How should it be entered into the computer?
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Response actions (cont.)

• In CBT, these commonly include:
– Typing response via keyboard
– Using mouse to drag-and-drop onscreen items
– Drawing/illustrating concepts with onscreen tools
– Clicking on screen with mouse

• Perhaps someday, with more research:
– Touch screens, light pens, joysticks, trackballs, 

speech-recognition software
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Multiple-choice
• Choose an answer from a small set of response 

options

• Perception that MC items only assess recall
– The research is equivocal (Martinez, 1999)

• Is it a limitation of the format itself?
• Or is there a need to provide better guidance to 

item writers (coach writers with exemplars of 
MC items that do get at higher-order thinking 
skills)?
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Multiple-choice (Example 1)

Which of the four pictures above shows 3/4?
(Choose one answer.)

A B                 C      D

1. A

2. B

3. C

4. D
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Variation on Multiple-Choice: AICPA
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Selection/identification

• Similar to MC in that examinees choose a 
response from presented alternatives 

• Number of possible choices is typically large 
enough to limit possible effects of guessing
– Some conceptual examples include multiple 

selection, matching, and cloze elide 
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Multiple Selection: AICPA
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Multiple Selection: AICPA
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Highlighting Text 
(Carey, 2001; Walker & Crandall, 1999)

Click on the sentence in the 
paragraph to the left that best
describes the practical 
meaning of the property of 
invariance.

(Place the pointer on the 
sentence you wish to 
highlight, and click to select 
it.)
\

Previous NextHelp
?
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Multiple Selection
Marco has $7.00 to spend on his lunch. Click on a drink, a 

sandwich, and a side that Marco could have for lunch so that the
price of the three items adds up to $7.00 or less.

Drinks Sandwiches Sides

$1.25 Milk $3.75 Veggie $1.50 Chips

$.95 Tea $4.50 Turkey $1.00 Cookies

$1.50 Soda $4.75 Roast Beef $1.75 Rice

$1.25 Juice $5.00 Pastrami $1.50 Green Salad

$.95 Coffee $4.75 Ham $1.50 Fruit Salad
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Analyzing Situations
(Ackerman, Evans, Park, Tamassia, & Turner, 1999)

Image courtesy of ETS/C. Mills (2000)
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Specifying Relationships 
(Fitzgerald, 2001)

For each pair of fractions listed below, decide if the quantities are equal or if they are not 
equal. 

Use the symbols below to replace the question mark in each pair with the correct relationship.

3
6

1
2

4
5

7
8

1
3

4
6

2
8

1
4

=

≠
?

=

?

?

Drag this symbol to show that 
the fractions are not equal

Drag this symbol to show that 
the fractions are equal
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Reordering/rearrangement
• Responses still chosen from stimulus array (presented 

alternatives/items)

• Task is to place items in correct sequence (or an 

alternative)
– Conceptual examples: Ordering sentences, constructing 

anagrams, arranging mathematical expressions to form a 
proof, arranging pictures in sequence, putting together a 
puzzle

• Items may be words, number, pictures, symbols…
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Task:
Rank order the five items from the 
table in terms of their difficulties from 
hardest to easiest by dragging the item 
number to the answer box below.

The two-parameter logistic model 
was fit to five items, and the item 
parameter estimates for each item 
are listed in the table below.

Answer Box
1. 

2. 

3. 

4. 

5. 

Hard

Easy

Ordering Information 
(Fitzgerald, 2001; Walker & Crandall, 1999)

Item 1

Item 2

Item 3

Item 4

Item 5

Item a-param b-param

Item 1 0.45 -0.53

Item 2 1.07 0.09

Item 3 0.84 0.89

Item 4 0.79 0.27

Item 5 1.20 -0.78
DONE
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Ordering Information 
(Microsoft, n.d.)

Image courtesy of ETS/C. Mills (2000)
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Select-and-Classify
(Microsoft, n.d.)

Some of the number sentences below are adding two numbers 
together, and some are subtracting one number from the other. 

For each number sentence, decide if it is addition or subtraction, click 
on it, and drag it to the appropriate box.

5+6=11 4-2=2 5-1=4 9+4=13 1+5=6

12-7=5 3+7=10 3-2=1 14-9=5 2+6=8

Addition Subtraction
5+6=11 12-7=5 4-2=2
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Select-and-Place 
(Fitzgerald, 2001; Microsoft, 1999)

House numbers on Memorial Drive go west to east. Odd numbered houses are on one 
side of Memorial Drive, and even-numbered houses are on the other. 

For each address in the table, determine which address corresponds to each house, and 
drag the address to the appropriate house.

? 23 Memorial Drive ?

? ? 26 Memorial Drive

West East

22 Memorial Drive 24 Memorial Drive 21 Memorial Drive 25 Memorial Drive
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Inserting Text
(Taylor, Jamieson, Eignor, & Kirsch, 1998)

Image courtesy of ETS/C. Mills (2000)
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Create-a-Tree (Fitzgerald, 2001; Walker & 
Crandall, 1999)

Image from Microsoft (2001)
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Substitution/correction
• Examinees must replace (as opposed to 

reordering/rearranging) what is presented to them 

with a correct alternative

• Conceptual examples: Correcting spelling, fixing 

grammatical errors, substituting appropriate words, 

editing computer programs, formulating 

mathematical expressions 
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Formulating Mathematical Expressions

The equation for the two-parameter logistic IRT model is:
( )

( )( )
1

i i

i i

Da b

i Da b
eP

e

θ

θθ
−

−=
+

Using the equation tool below, change the equation given above to 
correctly represent the mathematical expression for the three-parameter 
logistic IRT model. (Your answer will appear in the ‘My Answer’ box after closing 
Equation Master.)

My Answer
( )

( )( ) (1 )
1

i i

i i

Da b

i i i Da b
eP c c

e

θ

θθ
−

−= + −
+

Equation Master…

Next Item 
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Highlighting Text
(Carey, 2001; Walker & Crandall, 1999)

Directions: Click on the one value in the number sentence below that must be 
changed in order for the number sentence to be correct.

3+2+5 = 5+2+9 = 10 

This is one way to allow students to 
demonstrate understanding of the 
commutative property of addition
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Highlighting Text
(Carey, 2001; Walker & Crandall, 1999)

Directions: Click on the underlined item in the sentence below that must be changed 
in order for the sentence to be correct.

To find the mean of a list of numbers, you 
should add all of the numbers and subtract by 

the number of elements in the list. 

Clearly, this should 
read ‘divide’
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Completion

• Task is to respond correctly to an incomplete 

stimulus

• Conceptual examples: Cloze items, sentence 

completion, mathematical problems with 

single response, grid-in, short answer
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Completion: AICPA
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Completion: AICPA
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Free-Response Mathematics 
(Braswell & Kupin, 1993)

Scores on two items for five examinees are given below. Complete the 
table by computing the classical item difficulty for each of the items and 
typing it into the highlighted boxes provided. 
(You may use the calculator tool as needed.)

Examinees Item 1 Item 2 
1 0 1

1
1
0
1

Difficulty:

2 1
3 1
4 0
5 1

Difficulty:

CALC
í

NEXTBACK
î

0.60 0.80
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Graphical Modeling                 
(Bennett, Morley, & Quardt, 2000)

Directions: Use the information in the table below to finish the bar chart.  Drag the 
bar labeled ‘Other Color’ to show the percent of people in that category.

Eye 
Color Percent

Brown 
Eyes 50%

Blue 
Eyes 30%

Other 
Color 20%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Other Color

Blue Eyes

Brown Eyes
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Graphical Modeling
(Bennett, Morley, & Quardt, 2000)

Directions: Shade the area of the figure below to show 50% shaded.
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Formulating Hypotheses 
(Bennett & Rock, 1995)

Image from ETS (2001)
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Numerical Equations (ETS, 2000)

Image courtesy of ETS/C. Mills (2000)
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Multiple Numerical Response
(Mills, n.d.)

Miriam is in a play at her middle school, and Miriam’s mother wants to buy tickets so that the 
family can go to the play.  Miriam’s mother needs to buy tickets for

•Herself
•Miriam’s great-grandmother and great-grandfather
•Miriam’s two little sisters

Complete the ticket request form below. 

How much will it cost for Miriam’s family to go to the play?

White Brook Middle School Spring Play

adults at $4.00 per ticket……………………. 

children at $1.50 per ticket………………….

senior citizens (55+) at $2.00 per ticket…….

Total Amount

# of tickets Amount

1
2
2

$4.00
$3.00
$4.00

$11.00
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation
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Construction

• In contrast to completion, construction items 
require the entire unit to be constructed

• Conceptual examples: Drawing a complete 
graph, listing items, essays, mathematical 
proofs, portfolios, research paper
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Computer-based essay
In the space provided,                                          

please write an essay addressing the topic given below.
“The earliest known evidence of testing dates back to Chinese employment testing 
thousands of years ago. Today, we are talking about computer-based testing and 
the Internet. Briefly (yet completely) describe three of the major developments in 
measurement practice that have taken place in history.”

Cut

Paste

Undo

Submit

As educational and psychological tests have found new uses in 
aspects of everyday life, such tests have evolved in many interesting and 
exciting ways from their earliest beginnings. Three critical advances that 
have particularly changed measurement practices include (1) the test 
development efforts related to the Army Alpha tests during the World 
War I era, (2) the theoretical innovations associated with the 
conceptualization of item response theory, and (3), the introduction of the 
computer as a mechanism for delivering tests and recording examinee 
responses. In this essay, I will detail how such changes have impacted…
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Graphical Modeling
(Bennett, Morley, & Quardt, 2000)

Image from ETS/C. Mills (2000)
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Conceptualizing Item Types
• Continuum from Bennett, Ward, Rock, and 

LaHart (1990)
– Provides organizing framework for identifying 

specific cognitive skills and fundamental nature of 
assessment tasks (in CBT or otherwise)

Multiple 
choice

Selection/ 
identification

Reordering/ 
rearrangement

Substitution/ 
correction

Completion

Construction

Presentation



© Center for Educational Assessment, 2005

Presentation
• Physical presentation or performance delivered under 

real or simulated conditions in which the object is in 
some substantial part the manner of performance and 
not simply its result

• Conceptual examples: performance assessments like 
laboratory experiments, demonstrations, exhibition, 
oral presentation, simulations
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Site Planning Vignettes (Bejar, 1991)

Image from NCARB (2000)
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Site Planning Vignettes (Bejar, 1991)

Image from NCARB (2000)
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Dynamic Problem Solving Simulation 
(Clauser, et al., 1997)

Image from NBME (2001)
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Problem Solving Vignette 
(e.g., Microsoft, NCARB)

You have been hired as a psychometrician for a major testing company. 
For your first assignment, you are asked to evaluate the fit of the three-
parameter logistic model to some dichotomous test data and report your 

results to a senior research scientist. 

Use the clickable tools below to work through the problem. 

When you are finished, click NEXT.

Time Remaining: 00:05:25 ? Help 4Next

Look at 
Data

Examine 
Results

Graphs
and Tables

Background 
Information 

Choose
Analyses

Type Up 
Findings
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The Need for Tutorials
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Technology-Based Assessment Tutorial
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Practicing for a CBT
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Using the Keyboard
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Intro to Formats
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Multiple Response Directions
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Using the Calculator Online
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Other Reference Materials: AICPA



© Center for Educational Assessment, 2005

Spell-Check: AICPA 
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Conclusions and Research Needs



© Center for Educational Assessment, 2005

To check out new assessments online:
• www.microsoft.com - (Search for “exam demos”)

• Hot area, active screen, drag and drop, build list and reorder, 
create a tree, testlet exam format, and simulation question types

• http://www.cpa-exam.org/lrc/exam_tutorial.html
– Tutorials and sample tests

• http://www.ncarb.org/are/index.html
– Tutorials and practice software

• http://www.nces.ed.gov/nationsreportcard/studies/tbaproject.asp
– Overview of computerization with NAEP

• http://134.68.49.185/pegdemo/
– Submit essay for automated scoring 

http://www.microsoft.com/
http://www.cpa-exam.org/lrc/exam_tutorial.html
http://www.ncarb.org/are/index.html
http://www.nces.ed.gov/nationsreportcard/studies/tbaproject.asp
http://134.68.49.185/pegdemo/
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Testing and Technologies

• Greater use of computerized innovations in 

CBT has potential to 

– Substantially increase types of skills, abilities, and 

processes that can be measured

– Amplify relevance of test tasks to construct

– Facilitate data collection, management, and scoring
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Some Issues
• Obligations of test developers

1) Construct such tests using appropriate 
levels of technology given the examinee 
population and the construct of interest

2) Explain tasks adequately and 
unambiguously, both in preparation 
materials and in pre-test tutorials

• Development costs can be substantial
– Creating and maintaining item pool
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Some Issues
• Scoring innovative items can be complex

• For example, the AICPA
– Dimensionality

• Inter-correlations among items

• Local item dependence within and across tasks

– Scoring rules 
• Measurement opportunities: Dichotomous or sum up 

and score polytomously? Or score conjunctively?
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Automated Scoring
• Why use automated scoring?

– To implement many of the more novel item types, 
scoring methods are necessary that can handle 
responses unique to each examinee in structure 
and/or nature

– Not rigid or mechanical application of limited, 
explicit criteria to examinee responses

• However, any scoring rules should be carefully 
reviewed…
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Example: ETS Math On-Line
• Math On-Line is CBT tryout of NAEP

– Sample problem (Gr. 4): Cut a paper tube, what 
shape is the flattened piece of paper?

• Respond with text AND/OR draw shape

– W I D E variation in answers observed
• Spelling, Mismatched answers, odd responses

• Answers depended on perspective 

• Key consideration: level of constraint in 
constructed-response
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Research Needs
• Pick an area of validity

– This kind of information on item types in 
literature is sparse in general; it’s possible that 
in some cases such evidence may be proprietary

• Task specificity (Linn & Burton, 1994)

• Relative complexity/simplicity of interface
• Tutorials and task intricacy
• Task presentation variables
• Human factors (including disabilities)
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Research Needs
• Potential losses in score validity

– Selection of scoring algorithm, consistency and 
generalizability of results

– “Gaming” of automated scoring systems 
• More studies like Powers, Burstein, Chodorow, Fowles, 

& Kukich (2001)

• Dimensionality issues
– Many emerging constructs are multidimensional
– Multidimensional IRT

• Dichotomous and Polytomous



© Center for Educational Assessment, 2005

Conclusions

• Increased use of computers in testing mirrors 
escalation of technology in everyday life

• Examinees support opportunity to demonstrate 
knowledge and skills in ways relevant to 
and/or analogous to how they use those 
abilities
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Some Cautions

• (This is where the skeptics can come back)

• With research, technology can be a tool for 
better measurement in some cases and for 
some constructs

• Ultimately, CBT and computer innovations 
should be integrated with (demonstrable) 
measurement benefits as the goal
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Information has value!
• Information gathered via a test can function differently 

and provide different benefits (Pearson & Garavaglia, 1997)

– Decision confidence and measurement precision

– Novelty (elaboration of new construct or construct 
dimension)

– Psychological information (rather than purely statistical)

– Different perspective on construct

• Technology used with purpose can permit test users to 
access this kind of information
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Potential Constructs
• While recall of facts remains important, there are 

many possible additional constructs and skills valued 
depending on context…. 

Research Critical 
Reasoning Motivation Teamwork

Leadership Communication Analysis Languages

Information 
Technology Judgment Learning 

Ability
Organization
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Expert Systems Analysis

• Expert systems are programs designed to 
emulate scoring behaviors of humans
– PROUST; also MICROPROUST

(Braun, Bennett, Frye, & Soloway, 1990)

– GIDE
(Martinez & Bennett, 1992; Bennett & Sebrechts, 1996)

• These methods generally less able to provide 
diagnostic information
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Mental modeling
• Elements of examinee’s constructed response 

compared to all possible variations via features 
extraction analysis programs 
– Mimics scoring of committees; requires consideration 

of how experienced experts evaluate solutions 
(Williamson, et al, 1999)

– Architectural Registration Examination; National 
Board of Medical Examiners’ Step 3 CCS
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Multiple-choice (Example 2)
Which of the four pictures below shows 3/4?

(Click on the letter of one answer.)

A B                      C      D
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Multiple-choice
• Choose an answer from a small set of 

response options

Image from ETS (2002)
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Highlighting Text
(Carey, 2001; Walker & Crandall, 1999)

Image from ETS (2002)
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Highlighting Text
(Carey, 2001; Walker & Crandall, 1999)

Image courtesy of ETS/C. Mills (2000)
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Multiple True-False

Use the mouse to make a next to each of the shapes below that 
are examples of polygons. Be sure and mark all of the polygons.

Click here 
for the next 

item
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Create-a-Tree 
(Fitzgerald, 2001; Walker & Crandall, 1999)

Below are several shapes that may or may not be symmetric along the dotted line. 

Decide if the shape is symmetric along the dotted line, click on the item, and drag it 
to the correct box.

Symmetric Not Symmetric

?

?

?

?

?

?
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Create-a-Tree 
(Fitzgerald, 2001; Walker & Crandall, 1999)

Image from Microsoft (2001)
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Create-a-Tree (Fitzgerald, 2001; Walker & 
Crandall, 1999)

Image from Microsoft (2001)
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Select-and-Place 
(Fitzgerald, 2001; Microsoft, 1999)

Image from Microsoft (2001)
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Build, List, and Reorder (Microsoft, n.d.)

Image from Microsoft (2001)
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Drag-and-Connect (Fitzgerald, 2001)

Image from Microsoft (2000)
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Sorting Information 
(Bennett & Sebrechts, 1997)

Image courtesy of ETS/C. Mills (2000)



© Center for Educational Assessment, 2005

Create-a-Tree (Fitzgerald, 2001; Walker & 
Crandall, 1999)

Image from Zenisky & Sireci (2002)
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Highlighting Text
(Carey, 2001; Walker & Crandall, 1999)

Image from ETS (2002)



© Center for Educational Assessment, 2005

Select-and-Classify (Microsoft, 19XX)

Image courtesy of ETS/C. Mills (2000)
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Ordering Information 
(Microsoft, n.d.)

Below are listed six cities in Massachusetts and their populations from the last state 
census.

Re-order the list from the city with the most people to the city with the fewest.

Fall River: 91,938 Most

Pittsfield: 45,793 Springfield: 152,082

Dedham: 23,464

Springfield: 152,082

Lowell: 105,167

Dedham: 23,464

Boston: 589,141 Fewest
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Specifying Relationships 
(Fitzgerald, 2001)

Image courtesy of ETS/C. Mills (2000)
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Simple Concept Maps (Novak, 1990)

Image 1 from http://www.graphic.org (2002); Image 2 from CRESST (2002)

1

2
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Concept Map (Klein, O’Neil, & Baker, 1998)

Image from http://www.graphic.org (2002)
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Automated Scoring of Text
• Project Essay Grade (Page, 1994; Page & Peterson, 

1995)
– Uses multiple regression to identify optimal set of surface 

features to predict score

• E-rater (Burstein, et al, 1998)
– Implements computational linguistics to quantify 

occurrence of syntactical, topical, and rhetorical features in 
essays; stepwise regression then derives weights for features 
most predictive of scores by humans 
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Automated Scoring of Text (cont.)

• Latent Semantic Analysis (Landauer, Foltz, & 
Laham, 1998)
– Relationships between words form semantic space
– The LSA algorithm evolves a meaning for each 

word given semantic space between that word and 
every other word it is linked to

• Text Categorization (Larkey, 1998)
– Linguistic expressions and contexts in texts used to 

classify them
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Demo: PEG Automated Essay Scoring
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Demo: LSA Automated Essay Scoring
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Demo: LSA Automated Essay Scoring
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Free-Response Mathematics 
(Braswell, 1990)

Image courtesy of ETS/C. Mills (2000)
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Move Figures/Symbols into Pictograph
(Martinez, 1991; French & Godwin, 1996)

Image from Zenisky & Sireci (2002)
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Move Figures/Symbols into Pictograph
(Martinez, 1991; French & Godwin, 1996)

Image from ETS/C. Mills (2000)
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Graphical Modeling                 
(Bennett, Morley, & Quardt, 2000)

Image from ETS/C. Mills (2000)
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Graphical Modeling 
(Bennett, Morley, & Quardt, 2000)

Image courtesy of ETS/C. Mills (2000)
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Multiple Numerical Response
(Mills, n.d.)

Image courtesy of C. Mills (2000)
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Examples: Online Feedback/Reporting

The example above illustrates 
some measurement feedback 

you might want back after taking 
a test…

At right is a sample score report 
from an adaptive math test 

found online
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Computer-based essay
(Burstein, et al., 1998)

Image from ETS (2002)
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Problem Solving Vignette/Simulation

Image courtesy of Microsoft (2000)
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