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1.3 Designers

Meet the designers:

André A. Rupp
ETS

Welcome to the
ITEMS Module!

The woman to the left is Laura!

Along with the instructors
she will be guiding you
through the module content.

Enter your name here:

DM12 SLIDES (Verbal Reports, Version 1.1) 2/79



Untitled Layer 1 (Slide Layer)

Welcome to the
ITEMS Module!

The woman to the left is Laural

Along with the instructors
she will be guiding you
through the module content.
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1.5 Path Choice

Module
Introduction
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1.7 Overview

IHEII|(O :wwL?arneril\.lam!e i In this module you will learn about
Thank you for your interest in e T e e

is 1 : :
el e diel and cognitive laboratories.

The module has three conceptual l- ‘ | You can navigate freely through

sections, two applied sections, the sections but we recommend

various quiz questions, as well as taking them in sequence for the
additional resources. J best learning experience.

\ '

/N |
In the player menu the slides ance to the next slide to get
for all sections can be accessed started and look at the
individually along with resources audience description!
and a glossary. ! \ \
1

1.8 Target Audience

Target Audience

Anyone who would like a gentle but technically sound introduction to this topic:

*  Pre-service teacher preparation educators with a research mindset

*  Graduate students in psychometrics, teacher education or educational leadership
*  PreK-12 classroom teachers, teacher groups, teacher leaders

= School administrators responsible for teacher evaluation

= School/district assessment and curriculum leaders/facilitators

*  Professional developers for in-service teachers

*  Educational researchers and test designers

We hope that the module finds other meaningful uses as well no matter
what your role in an organization is!
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1.9 Prerequisites

Five Basic Prerequisites

Learners should have at least a working knowledge of the following content areas:

®*  Human ethical protocols

= Basic psychological perspectives of human learning

= Basic tenets of constructivist and information-processing theory

*  Key ideas in the Standards for Educational and Psychological Testing

= Applied research design and simple descriptive and inferential statistics

Resources

Resources (Slide Layer)

References

Click an sach citation to be brought to the publisher web page
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1.10 Expecations (1)

Let’s discuss expectations....

1.11 Expectations (ll)

ITEMS Modules in Context

T eMIvERSITY 0F
d-\l BERTA

Faculty of Educat’n

ot Mt
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1.12 Resources

Resources

Module Citation

Leighton, J. P., & Lehman, B. (2020). Think-aloud interviews and cognitive labs (Digital
ITEMS Module 12). Educational Measurement: Issues and Practice, 39(1), XX-XX.

References (Slide Layer)

Resources

USING THIN
INTERVIEWS
COGNITIVE LAB
IN EDUCATIONAL
RESEARCH

Leighton, |. P. (2017). Using think-cloud
interviews and cognitive labs in
educational resarch. New Yark, NY:
Oxfard Unlversity Press.

Willis, G. B. (2015). Analysis of the
cognifive interview in questionnaire design.
New York, NY: Oxford University Press.
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1.13 Objectives

Learning Objectives

1. Differentiate between historical events and theoretical concepts
underlying think aloud methods and cognitive labs :

2. Differentiate methods and procedures for think-aloud interviews and
cognitive labs along with the research situations where each applies

3. Use computer-based tools such as the ABC tool to collect verbal

4. Understand differences in the analysis of verbal reports using pre-
existing cognitive models or thematic analyses

5. Evaluate evidence required and collected for substantiating claims
about specific forms of response processes

Understand the importance of inter-rater agreement indices for
interpreting verbal reports

1.14 Copyright Statements

Copyright Notice

In the Practice section of this module,
the instructors use the ABC tool as
well as videos from a game prototype
called Awkward Annie.

The tool and all game content as well
as the concept of the game are
protected by ETS copyright.

Copyright © 2020 by Educational Testing Service (ETS). All rights reserved.
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2. Section 1: Conceptual Foundations

2.1 Cover: Section 1

Hello Section 1:

%Learner_Name%!

Conceptual
Foundations

[30 Minutes]

2.2 Objectives: Section 1

Learning Objectives

1. Describe professional standards associated with using think alouds and
cognitive labs

2. Describe the different historical foundations for the two methods

3. Analyze task features to match them up with the appropriate methods

4. Apply information-processing evidence in the selection of appropriate
methods for measuring unobservable knowledge and skills

DM12 SLIDES (Verbal Reports, Version 1.1) 10/
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2.3 Topic Selection

Connections with

Historical Roots
Test Development

Alignment of

Methods with

Cognition and
Tasks

Cognitive
Demands of
Methods

2.4 Bookmark: Standards

A &

Connections with
Test Development
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2.5 Standards |

Evidence about Response Processes

Standard 1.12

If the rationale for score interpretation for a given use depends on
premises about the psychological processes or cognitive operations of
test takers, then theoretical or empirical evidence in support of those

premises should be provided. When statements about the processes

employed by observers or scorers are part of the argument of validity,

similar information should be provided.

(AERA, APA, & NCME, 2014, p. 26)

2.6 Standards Il

Evidence about Response Processes

Evidence based on response processes generally comes from analyses of
individual responses...While evidence about response processes may he
central in settings where explicit claims about response processes are
made by test developers or where inferences about responses are made

by test users, there are many other cases where claims about

response processes are not part of the validity argument.

(AERA, APA, & NCME, 2014, p. 15)

12/
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2.7 Standards Il

Verbal Reports

v" Response processes are unobservable
Methods are needed to create behavioral indicators of these
unobservable processes

v" Think-alouds and cognitive laboratories ("cog labs”) are key
methods to collect evidence of response processes

v" The data collected are called verbal reports

=

2.8 Bookend:Professional Standards

This is the end of this part.

Topics
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2.9 Bookmark: Historical Roots

Historical Roots

2.10 Orgins of Methods

Origins of Methods
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2.11 Untitled Slide

STANDARDS

for Educational and
Psychological Testing

2.12 Orgins of Cog Labs

Cognitive Laboratories

The Standards are a product of the
American Educational Research
Association (AERA), the American
Psychological Association (APA), and the
National Council on Measurement in
Education (NCME).

Published collaboratively by the three
organizations since 1966, this manual
represents the gold standard in the
guidance of testing in the United States,
Canada and many other countries.

The current edition is from 2014.
Click on the images for more information.

AERANE

e

D American PsYCHOLOGICAL ASSOCIATION

NCME=

Cognitive labs or interviews emerged as a method to evaluate respondents’

comprehension of survey questions and to minimize social desirability.

Lots of conversation, probing, and elaboration to find out whether items

were comprehensible in terms of wording and format.
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2.13 Origins of Think-alouds

Think-aloud Interviews

Think-aloud interviews emerged as a method to validate information-
processing models of human problem-solving

(Ericsson & Simon, 1980,1993)
AN

2.14 Origins 1l

Implications

=  One perspective is that these distinctions are purely historical and

semantical / terminological.

= |t matters insofar as each is linked to differences in rigor for collecting

evidence about different types of cognitive processes.

= [Itis critical that investigators fully disclose their procedures so that the

rigor can be independently assessed no matter what method is used.

DM12 SLIDES (Verbal Reports, Version 1.1) 16/
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2.15 Bookend: Test Development

This is the end of this part.

Topics

2.16 Bookmark: Task and Method Alignment

A &

Alignment of
Methods with
Cognition and Tasks
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2.17 Interpretation of Test-taker Cognition

Interpretation of Test-taker Cognition
(Cognitive labs are used to :’ i

collect evidence for how well

e kermhreninderstoad 3. Integrity of inferences & claims

the objective or words of a task

k or item.
2. Integrity of interpretation of evidence for

r \ intended objective

Think-alouds are used to

collect evidence of the

. - w y
information-processing 1. Integrity of procedures and methods used to collect
data for intended objective

L A

engaged by test-takers

during problem solving.

J

2.18 Research Goals

Perspective 1: Research Goals

Think-alouds Cognitive Labs

Test Development

Verbal reports are
formative / exploratory to
develop a cognitive model

Construct Validation

Verbal reports are
summative / confirmatory

to verify a cognitive model

DM12 SLIDES (Verbal Reports, Version 1.1)
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2.19 Bloom's Taxonomy

| Perspective 2: Bloom’s taxonomy "

Produce new or original wark
Design, , conj , develop, f , author,
e investigate

Justify a stand or decision

evaluate Appraise, argue, defend, judge, select, support, value, critique, weigh
’r‘,l ‘_\ Draw connections among ideas
r a nalyze \.\ Differentiate, organize, relate, compare, contrast, distinguish,
A examine, experiment, question, test

Recall facts and basic concepts
Define, duplicate, list, memorize, repeat, state

f Released under Creative Commons Attribution license. Free to share, reproduce, or otherwise use it, a5
Reference long &s credit attributed to Vanderbilt University Center for Teaching.

Reference (Slide Layer)

Taxonomy

Bloom, B., Englehart, M. Furst, E., Hill,
Benjamin S Bloom W, & Krathwohl, D. {1956). Taxonomy
of educational abjectives: The
classification of educational goals.
Handbook I: Cognitive domain. New
York and Toronto: Longmans, Green.
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2.20 Memory Demands

Perspective 3: Memory Demands

= Although human thinking involves accessing long-term memory
and working memory, depending on the nature of the task,
memory systems share the load differentially.

® Problem-solving tasks often require application, analysis,
evaluation and creation. These tasks make high demands on
working memory.

= Comprehension tasks often require remembering and
understanding. The tasks make high demands on long-term
memory.

2.21 Method Choice

Cognition and Task Differences

Problem-solving Task Comprehension

Think-alouds Cognitive Labs

View suggestions for how to collect data for these

two different task types by clicking on the buttons.

DM12 SLIDES (Verbal Reports, Version 1.1) 20/
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Problem solving (Slide Layer)

Problem-solving = Think-alouds

If you want to collect data about how test-takers solve problems,

then you are tapping their working memory

The interview method you use should include:

¥ Conditions for observing the generation of a solution
¥ Interview probes that minimize leading or cueing ar biasing how

test-takers select their problem solving strategies

\ ¥ Focus on the process of problem solving as it happens /

Task comprehension (Slide Layer)

Task Comprehension = Cognitive Labs

If you want to collect data about how test-takers comprehend tasks,
then you are tapping long-term memary because

you are not asking them to solve anything

The interview method you use should include:

v Conditions for observing the generation of meaning
v Interview probes that maximize how test-takers elaborate on their

understanding

\ v Focusing on the process and consolldation of understanding /

DM12 SLIDES (Verbal Reports, Version 1.1) 21/
79



2.22 Bookend: Section 1

This is the end of this part.

Topics

2.23 Bookmark: Memory and Cognition

A &

Cognitive Demands
of Methods
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2.24 Memory System

Memory Systems

Memory Examples Aware to Major Brain
Type Report Structure/

Storage
Length

Remembering the essay  Yes - cantrolle
you wrote last week; the  recall from LTM

visit with your uncle and nucleus, mamillary
aunt body, fornix,
prefrontal cortex

ing the Yes - controlled Inferior lateral Minutes to
difference between recall from LTM temporal lobes years
smart and wise; why
bears hibernate

ing how to Mo - automated Basal ganglia, Minutes to |
ride a bike; cerebellum, years
remembering how to log supplementary motor

on to your old computer areas
Verbal based — repeating  Yes — controlled Prefrontal cortex, Seconds to

the code sent to you in manipulation in Broca and Wernike minutes; unless
order to log into an WM areas (for verbal), information
account visual association actively

areas (for spatial) manipulated
Spatial based - (e-g., repeating)

Observing the instructor
work out a problem on
the computer

Reference Brain Regions

Brain (Slide Layer)

Brain Regions

Supplementary
motor area

Prefrontal Cortex

Basal ganglia
(putamen)

Inferolateral
temporal lobe

—
Cerebellum

Sematic Memory ‘
|

Figure based on information found in Wolk, D.A., & Budson, A.E. (2010). Memaory systems.
Continuum Lifelong Learmning in Neurclogy, 16{4), 15-28.
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Reference (Slide Layer)

Reference

MEMORY SYSTEMS T

Table and figure based on:

Wolk, D.A., & Budson, AE. (2010}.
Memory systems. Continuum
Lifelang Learning in Neturology,
16{4), 15-28.

2.25 Think-alouds

Think-aloud Procedures

Think-aloud procedures are designed to probe the contents of working memory. In other

words, think aloud methods are designed to "tap” what knowledge or skills are being

manipulated in the generation of a new “knowledge product.”

“Please keep talking.”

1 WORKING MEMORY

Thought, sl Thought, Besssss | Thoughty Long Term Memor:
il e o Rl LB e e H
l !
Veal Encoding, Vertal Encoding; Veshal Encadings
Vocalizaion, Vocalization, Solution,

DM12 SLIDES (Verbal Reports, Version 1.1)
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2.26 Cognitive Labs

Cognitive Labs

Cognitive labs are designed to elicit association, elaboration, and understanding of

instructions and questions (i.e., recall or comprehension). This requires working

memory as well as long-term memory.

“Tell me what this introduction is telling you.”

WORKING MEMORY P i~ .
..wyd Thought; k= =i Thoughty | | Thoughty., =¥ Thoughly || Thoughts.,
»s For L
T M, n 1
o Thought, [gegRe e I -
¥ e
¥ ¥
Thaughky

Veral Encoding,
i Long Term Memory

Elaboated
Rasponse

2.27 Path Model Example

Path Model

< |R Working Memory Factors

DM12 SLIDES (Verbal Reports, Version 1.1)
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Reference (Slide Layer)

Reference

W

Working memory companents that predict ward problem salving:

s it merely a function of reading. ealeulation,
and Muld intelligence?

Figure on slide adapted 7 based on
Figure 2 on p. 812 in:

Fung. W. & Swanson, H.L. (2017).
Working memory components that
predict word problem solving: Is it
merely a function of reading,
caleulation, and fluld Intelligence?
Memory & Cognition, 45, B04-823,

2.28 Bookmark: Memory and Cognition

This is the end of this part.

Topics
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3. Section 2: Collecting Verbal Reports

3.1 Cover: Section 2

Hello Section 2:

%Learner_Name%!

Collecting
1 Verbal Reports

[25 Minutes]

3.2 Objectives: Section 3

Learning Objectives

1. Describe the different procedures for interview methods

2. Apply what is known about cognition to the selection of interview probes

3. Critically analyze the rigor of data for reflecting a type of cognition

4. Evaluate the credibility of claims made from verbal reports

DM12 SLIDES (Verbal Reports, Version 1.1) 27/
79



3.3 Topic Selection

Method Differences: Traditional
Think-alouds vs Data-collection
Cognitive Labs Methods

3.4 Bookmark: Method Differences

B L

Method Differences

DM12 SLIDES (Verbal Reports, Version 1.1)
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3.5 Overview

General Differences

Think-alouds Cognitive Labs
+ more specific timing of probes + less specific timing of probes
* minimal probing + elaborate probing
* measuring construction more + measuring recall more than
than recall construction

3.6 Research Goals

Research Goals

Think-alouds Cognitive Labs

Test Development
Verbal reports are
formative / exploratory to
develop a cognitive model
Construct Validation
Verbal reports are

summative / confirmatory
to verify a cognitive model

Click on each of the four cells (with checkmarks and circles) to learn more.

DM12 SLIDES (Verbal Reports, Version 1.1) 29/
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1 (Slide Layer)

Think-alouds: Test Development

= Using think-alouds for test / survey development makes sense only if

the objective is to explore the construct measured by the test / survey.
= The think aloud procedure is too restrictive in its probes.

= The main probe is "Please keep talking” so that the contents of

working memory are not blased by elaborative probes.

= This is how many testing programs cught to be using think-alouds in

the Initial stages of [tem devaelopment.

2 (Slide Layer)

Cognitive Labs: Test Development

= Using cognitive labs for test / survey devalopment makes more

sense than for score claim validation

=  The oppeortunity to ask multiple questions to find out how

respondents are understanding tasks is precisely what is needed.

=  This is how Tourangeau (1984) and Willls {2015) recommend to

use cognitive labs.

DM12 SLIDES (Verbal Reports, Version 1.1) 30/
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3 (Slide Layer)

Think-alouds: Construct Validation

= Using think alouds for construct validation makes sense if the

-ghjective-is-to-identify-key problem-solving response progesses: -

= The procedure is structured to minimlza blas in how interviewer and

respondent interact.

"  The contents of working memory are being reported as this is where

content is manipulated.

=  This is Ericsson and Simon (1993} recommend the use of think-alouds.

4 (Slide Layer)

Cognitive Labs: Construct Validation

" Using cognitive labs for construct valldation only makes sense if the

objective is to map out conceptual or knowledge or comprehension

differences between experls and novice test-takers.

= Aninference cannot be made about how respondents solve tasks, only

about how their knowledge is structured in relaticn to the task.

= Thisis how Chl [1997] and Hmelo and Pfeffer (2004} use cognitive labs

to map out concaptual differences.

DM12 SLIDES (Verbal Reports, Version 1.1) 31/
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3.7 Cognitive Processes

Cognitive Processes

3.8 Implementation Steps

Implementation Steps

Think-alouds

e | | | | | PA (Coding) |
Cognitive Collect Data -
Model M Concurrent oy

Development | jaatrusdions | | Probes Best | | c‘::or::r’ |

Cognitive Labs
Collect Data e
- lerences
- | cu (] J| concurrentor [| | VAlCodna) ] }  abourTask
1 Instructions [ Y| Retrsopective [§ el nm::-
Rubric
DM12 SLIDES (Verbal Reports, Version 1.1) 32/
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3.9 Summary |

-
‘ﬁ -l—l—l- Click on each row to learn more.

Cog Labs Think Alouds

Goal (Slide Layer)

Back

Exploration of comprehension  Testing of problem solving process
of pilot task or instrument; in line with a pre-existing
level of task difficulty is not a cognitive model of instrument;
Goal concern level of task difficulty must be
moderate for respondents to

engage in problem solving

DM12 SLIDES (Verbal Reports, Version 1.1)
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Instruction (Slide Layer)

Instructions emphasize

process of understanding
Instruction 3nd respondent is made
aware of the conversational

guality of the interview

Instructions emphasize reporting
of thinking process as it enters
awareness and respondent is
made aware of spartan probes

used during the interview

Timing (Slide Layer)

Verbal reports can be collected

as the respondent is working

on a task (concurrent) or after
Timing

the respondent has finished

(retrospective); response

timing is not a concern

Verbal reports are best collected
as the respondent is working on
a task {concurrent}); second best
is immediately after the
respondent has finished

{retrospective)

DM12 SLIDES (Verbal Reports, Version 1.1)
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Length (Slide Layer)

Interview length dependent Interview length dependent on
Length ©ON task, participant fatigue task, participant fatigue

consideration consideration

Participants (Slide Layer)

Verbal report data are Verbal report data are

collected from small group of  collected from larger group
participants since inferences of participants since

are descriptive and designed inferences are inferential

Particlpants
to provide formative and designed to provide
assessment for tool summative assessment of
improvement (goal part) adequacy of cognitive model
{goal part)

DM12 SLIDES (Verbal Reports, Version 1.1) 35/
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Coding (Slide Layer)

- Cog Labs Think-alouds

Verbal report data coded Verbal report data coded

using grounded theory, verbal using cognitive model,
Coding analysis or other data-driven protocol analysis or other

technigue to generate themes theory-driven technigque to

generate codes

Agreement (Slide Layer)

- Cog Labs Think-alouds

Inter-rater agreement is still Inter-rater agreement

required to generate credible mandatory to generate
Agreemant  conclusions about thematic credible conclusions about

analysis and conclusions coding analysis and

conclusions

DM12 SLIDES (Verbal Reports, Version 1.1) 36/
79



3.10 Summary Il

AL

Click on rows 2-4 to learn more.

Can be implemented without A pre-existing model is
a pre-existing model recommended

Model

Interviews (Slide Layer)

- Cog Labs Think-alouds

Interviaws Interviews are easier to Interviews are sometimes awkward

conduct because they are: to conduct because:

(a} conversational and timing (a} they are not conversational and

of probes is less problematic. timing of probes is consequential.
{b] tasks can be of varying {b] tasks must be of moderate
difficulty. difficulty for respondents to =

@O s

DM12 SLIDES (Verbal Reports, Version 1.1)
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Data Anaylsis (Slide Layer)

Data Data analysis is purely
Analysls

descriptive given small

sample size.

Data analysis can be time-
consuming because
coding rubric of themes is

defined from the breadth

Data analysis is inferential given
that the assessment of a madel is
driving the data collection and
therefore larger, more
representative samples have ta

be recruited.

Data analysis is typically not time-

DOD

Inferences (Slide Layer)

Inferences Inferences are confined to

claims about response
processes associated with
knowledge, understanding

and/for comprehension.

Inferences are narrow and
confined to claims about
response processes associated
with problem solving given the
conditions under which the

respondent solved the task.

m@
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3.11 Bookend: Method Differences

This is the end of this part.

Topics

3.12 Bookmark: Traditional Methods

A L

Traditional Methods

DM12 SLIDES (Verbal Reports, Version 1.1) 39/
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3.13 Think-alouds |

In this study, | am interested in seeing how you
respond to questions about climate change as they
are presented on the iPad. | will be recording our
one-to-one session.

3.14 Think-alouds Il

Because | am using a think-aloud interview, | am going to ask
you to voice what you are thinking as you work through the
guestions. | will not ask you to explain what you are doing

because | do not want to interrupt your focus.

...At the end of the interview | may ask you to clarify, elaborate

or explain something you said if I need more information
about it. | will leave it to the end so as to not change your

course of thought.

DM12 SLIDES (Verbal Reports, Version 1.1)
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3.15 Cognitive Labs

Reflection Question

What might this process look like for cognitive labs?
Write down what the interviewer might say.

When you are ready, click on the EXAMPLE button below
to hear an audio explanation.

3.16 Interview Concerns |

Interview Concerns

Interviews are used to collect self-reported information from respondents

and are therefore subject to well-known errors that can corrupt the

quality of the data gathered:

v' social desirability
v forgetting/demotivation 0 ’ ..
v interviewer bias
v interaction process I
DM12 SLIDES (Verbal Reports, Version 1.1) 41/
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3.17 Interview Concerns Il

Interviewer-respondent Bias

= Because the interview involves two human beings in a one-to-one interaction,
the interviewer and respondent each brings potential bias to the interaction.
= The bias can be present even when working from an interview script since

communication involves non-verbal behavior.

Examples:

®*  The interviewer may use verbal or non-verbal cues that influence the
respondent’s performance, comfort and/or motivation (Leighton, 2013)

= |f the respondent holds less constructive behavioral attitudes towards
mistakes and/or feels uncomfortable during the interview, this has been

found to depress performance (Lutsyk & Leighton, 2018)

3.18 Probe Quality

Quality of Probes

Willis (2015) provides examples of interview probes for survey items
. : L Reference
and associated quality-control criteria for the probes.

Step 3:
Clarity

Step 2:
Instructions

Step 1:
Reading

Click on each ‘Step’
button to learn more

DM12 SLIDES (Verbal Reports, Version 1.1)
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Step 1 (Slide Layer)

Step 1: Reading

Determine whether it is difficult for the interviewers to read the question
in the same way to all respondents

la. WHAT TO READ:
Interviewer may have difficulty determining
what parts of the question should be read.

PROBE:
None. Interviewer should attend to this
potential difficulty and note it.

1b. MISSING INFORMATION: Information
the interviewer needs to administer the
question is not contained in the question.

PROBE:
Interviewer should attend to this potential
difficulty and note it.

1c. HOW TO READ:
Question is not fully scripted and therefare
difficult to read.

PROBE:
Interviewer should attend to this potential
difficulty and nate it.

Step 1: Step 2: Step 3: Step 4:
Reading Instructions Clarity Assumptions

Step 2 (Slide Layer)

Step 2: Instructions

Look for problems with any introductions, instructions, or explanations from the
respondent’s point of view.

2a. CONFLICTING OR INACCURATE
INSTRUCTIONS:

Introeductions or explanations are
problematic / canfusing.

PROBE:

(At the end of a long intro, but before the
question itself}: “Before | get to the actual
question, tell me what this intraduction is
telling you.”

2b. COMPLICATED INSTRUCTIONS:
Intreductions or explanations are
problematic / confusing.

PROBE:
Same as above.

Step 1: Step 2: Step 3: Step 4:
Reading Instructions Clarity Assumptions

DM12 SLIDES (Verbal Reports, Version 1.1) 43/
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Step 3 (Slide Layer)

Step 3: Clarity

Identify problems related to conveying the intent / meaning of the question to the respondent.

3a. WORDING: PROBE:

Question is lengthy, awkward, ungrammatical, *“Can you tell me in your own words what that

or contains complicated syntax. question was asking?”

3b. TECHNICAL TERM{S): PROBE:

Are undefined, unclear, or complex. “What does the word {term] mean to you, as it's used

in this question?”

3o, VASUE: PROBE:
There are multiple ways to interpret the “Tell me what you were thinking when I asked about
question or decline what to include or exclude. | {topic]”

3d. REFERRENCE PERIODS: PROBES:

Are missing, not well specified, or in conflict. {1} “Can you remember what time period the question
was asking about?”
{2} “You said {answer). What time period does that
cover?”

Step 1: Step 2: Step 3: Step 4:
Reading Instructions Clarity Assumptions

Step 4 (Slide Layer)

Step 4: Assumptions

Determine if there are problems with assumptions made or the underlying logic.

4a, INAPPROPRIRATE ASSUMPTIONS: PROBES:
Are made about the respondent or about | {1} “How well does that question apply to
his ar her living situation. you?”

{2} “Can you tell me more about that?”

4b. ASSUMES CONSTANT BEHAVIOR: PROBE:
Or experiences that vary. "Would you say that mostly stays the same,
or does it vary or depend?”

4¢c. DOUBLE-BARRELED: PROBE:

Contains more than ane implicit question. | “Tell me more about your epinions on that”

Step 1: Step 2: Step 3: Step 4.
Reading Instructions Clarity Assumptions
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Reference (Slide Layer)

Reference Back

ANALYSIS OF THE
COGNITIVE INTERVIEW IN
QUESTIONNAIRE DESIGN

willis, G.B. (2015). Anaiysis of the cognitive
interview in questionnaire design:
Understanding qualitative research. New
York Clty: Oxfard Unlversity Press.

3.19 Example |

Research Example (I)

Leighton (2013) found that even a few intreductory sentences at the beginning of an

interview could alter respondents’ thinking process:

=  Interviewers who introduced themselves as experts in the area of the study or
said nothing at all about their expertise had the effect of lowering respondents’

scores on a think-aloud task involving math items.

=  Respondents who thought they were being interviewed by an non-expert showed
a different pattern of retrospective reports for their item solutions than

respondents who thought they were reporting to an expert

=  Computer-based interview tools offer a promising approach to minimizing bias by

controlling the interviewer-respondent interactions.
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3.20 Example Il

Research Example (Il)

6.50
l Novice Interviewer I

w 6.00+
3
H
]
e
i=]
= 5.50 H
g ¥ Interviewer
g
8
s
o
S 5004

4.50 4

T T T
Easy items Moderate items Difficult items Reference

Reference (Slide Layer)

Reference

Ttem Difficulty and Interviewer Knowledge Effects on the
Aceuracy and Consistency of Examinee Response
Processes in Verbal Reports

Figure adapted/based on:

Leightan, 1.P. {2013}. Item difficulty
and interviewer knowledge effects on
the accuracy and consistency of
examinee response processes in verbal
reports. Applied Measurement in
Education, 26, 136-157.
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3.21 Bookend: Tradtional Methods

This is the end of this part.

Topics

4. Section 3: Analyzing Verbal Reports

4.1 Cover: Section 3

Hello Section 3:

%Learner_ Name%!

Analyzing
1 Verbal Reports

[25 Minutes]
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4.2 Objectives: Section 4

Learning Objectives

1. Describe model development for think aloud interview studies

2. Apply distinct segmentation and coding techniques

3. Critically analyze examples of think aloud and cognitive lab methods

4. Evaluate credibility of data contingent on inter-rater agreement

4.3 Topic Selection

A -

Developing
Cognitive Models

Segmentation of Segmentation of
Verbal Reports: Verbal Reports:

Think-alouds Cognitive Labs
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4.4 Bookmark: Model Development

D

Developing
Cognitive Models

4.5 Cognitive Models vs Exploratory Model Generation |

According to Ericsson and Simon (1993), the reason to collect think-aloud

interviews involves the testing of cognitive models, which involves:

observed in producing the correct response (and/or incorrect

= A theoretical hypothesis of the sequence of processes expected to be

depending on what sequence of processes are outlined in the model)

= A coding artifact, where aspects of the model(s) reflect potential

of verbal reports.

codes, which are then summarized in a coding book to guide analysis
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4.6 Model Generation Il

Model Generation

A cognitive model can be generated by:

@ v’ literature reviews

V' empirical studies

v" cognitive task analyses
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Reference (Slide Layer)

AUTOMATIC
ITEM
GENER.ATIO N Leighten, J.P. Learning sciences, cognitive

madels, and automatic item generation.
(2013). In M. Glerl & T. Haladyna (Eds.),
Automatic item generation: Theory and
practice (pp. 121-135). Routledge.

4.8 Example |

Example: Study Context Back to

Graphic
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4.9 Example Il

e Back to
Example: Cognitive Models :
Graphic
Step 1
' Step 2
Solution
Moderate Ability Expert Ability

Reference (Slide Layer)

Reference

R Routledge
Item Difficulty and Interviewer Knowledge Effects on the
Accuracy and Consistency of Examinee Response

Processes in Verbal Reports
Flgure adapted / bazed on
Information In:

Leightan, 1.P. (2013}. Item difficulty and
interviewer knowledge effects on the
accuracy and consistency of examinee
response processes in verbal reports.
Applied Measurement in Education, 26,
136-157.
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4.10 Example Il

Back to

Example: Data Structure Graphic

A total of 60 cognitive models (15 items x 2 content experts x 2 models)
were developed based on task analyses to guide the coding of 1,065 full

verbal reports (71 students x 15 items).

Each of the 1,065 full verbal reports included a concurrent report and a

retrospective report for a total of 2,130 specific reports.

4.11 Example V

Back to

Example: Rating Process Graphic

1 ! --':_‘ 2 Rater 1: Independent and Blind to Study

Phase 1 (Train) Phase 2 (Assess) Phase 3 (Final Codes)
45 concurrent reports Cohen’s kappa 1,020 concurrent reports
45 retrospective reports >.80 1.020 retrospect reports

Rater 2: Independent and Blind to Study
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4.12 Example IV

Back to

Example: Classification Outcome :
Graphic

2 independent raters, blind to the nature of the study,
holistically categorized the 2,130 concurrent and retrospective verbal reports

into 1 of 5 categories:

(1) Model A (high ability)
(2) Model B (high ability)
(3) Model C (moderate ability)
(4) Model D (moderate ability)

(5) No match with any model

4.13 Bookmark: Segmentation for Think-alouds

A L

Segmentation of
Verbal Reports:
Think-alouds
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4.14 Segmentation of Verbal Report

Segmentation of Verbal Reports

In think aloud interviews, the respondent is solving a task and reporting
thoughts about problem solving. The verbal reports are therefore continuous
narratives with intermittent probes to “Keep talking.”

(Lutsyk & Leighton, 2018)

Sample Item &
Verbal Report

Example (Slide Layer)

Segmentation of Verbal Report Back

Use the follawing information to answer the next quesfion

A candy dish contains 2 blue candies, | red candy, 3 white candies, and 2 green candies.
Twa candies will be randomly selected from the dish, one afier the other, without
replacement.

14. The probability of selecting a blue candy and then a candy that is not blue is

=

=
s

-
&

6 out of 7 equals.... | mean,... therefore 7 equal 25%. And then divide
25by 7is6orh, itslike 40, 12, 16, 29, 24, ne, 77, umm.. 36 ??, 12,
18, 21, 24_1t's 8, it’s like 4 point something which leads me to the

closest answer would be B, umm 3 out of 16.
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4.15 Segmentation of Verbal Report

Cognitive Model

The cognitive model for this item is one of increasingly

minimizing the difference between the initial state and goal state.

End State
{Solution)

Subgoal

A

L |
Subgoal

Initial State {Assessing
Given Information)

4.16 Example

Example Coding

Reflection

Operator

I have zero math background.

So, | have to find out how many candies there are total.

So there are 2 blue candies, 1 red, 3 white, and 2 green. So, 2
B, 1R, 3 W, 2 G. In total there are 2, 4, 5-6-7 in total 8

Self-assessment about
math knowledge
[Metacognition]

Judgment about part
of problem to be
solved. [End State/
Goal State]

Processing/
identification of given

candies. information and

adding [Initial State]
Yellow = Noinformation manipulation Green = Reflection T
Orange = Self-assessment Gray = Operator h
Blue = Information processing
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4.17 Inter-rater Agreement and Credibility of Inferences

Inter-rater Agreement

= Having at least 2 raters trained to independently review and code

the verbal reports is important to establish credibility of interpretation

= This requires one to develop a code book, then train raters on 10-15%
of the verbal reports, and to iterate / revise until the materials are

robust before coding of the remaining responses is done

= Cohen’s kappa variants can be used as indices of inter-rater agreement

to monitor raters and the associated implementation of the procedure

Thresholds

formula (Slide Layer)

Formula

K _ Pagree - Pch;mcc
1 - Pchzmce

Egree = Proportion of trials in which
judges agree

chance= Proportion of trials in which
agreement would be expected
due to chance
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Thresholds (Slide Layer)

Interpretation of Kappa Values

Landis and Koch {1970) suggest the following:

Values less than or equal to 0 suggest less than chance agreement
Values .01 te .20 suggest slight agreement

Values 0.21 to 0.40 suggest fair agreement

Values 0.41 to 0.60 suggest moderate agreement

Values 0.61 to 0.80 suggest substantial agreement

Values 0.81 to 0.99 suggest almost parfect agreement

4.18 Bookend: Segmentation for Think-alouds

This is the end of this part.

Topics
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4.19 Coding Schemes

Coding Schemes

Wang and Leighton (2011) discuss

four additional coding schemes ranging from strict to lenient:

S
1 2 3 4

Click on each button to view the scheme @

Scheme 1 (Slide Layer)

Coding Scheme 1 L

If, for a given item and a given student, the concurrent report and

retrospective report show ldentical cognitive model classification,

Ghen a value of 1 is assigned for consistency, otherwise a 0.

This coding was used to determine whether students’ concurrent and

retrospective reports were completely identical in the cognitive

model reflected in their thinking processes.

Coding Scheme @ Coding Scheme Coding Scheme J Coding Scheme
1 2 3 4
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Scheme 2 (Slide Layer)

Coding Scheme 2 e

' If, for a given item and a given student, the concurrent report and
retrospective report show a simllar abillty-level of model, then a value

of 1 was assigned for consistency, otherwise a 0.

This coding was used to determine whether students” concurrent and

retrospective reports matched in terms of abllity.

1 2 3 4

Scheme 3 (Slide Layer)

Coding Scheme 3 e

If for a given item and a given student, the concurrent and retrospective

report are categorized into one of the two models designed by a single

test developer, then a value of 1 was assigned, otherwise a 0.

.

This coding was used to determine whether students’ concurrent and
retrospective reports matched in terms of the knowledge and skills

the test developers considered relevant for success on the item.

1 2 3 4
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Scheme 4 (Slide Layer)

Coding Scheme 4 Back

If far a given item and a given student, both concurrent and retrospective reports
are categorized as showing any kind of model, then a value of 2 is assigned. If
elther the concurrent or retrospective are categarized into any kind of cognitive

model, then a 1 is assigned. If neither the concurrent nor the retrospective are

categarized as showing any cognitive models, then a @ is assigned.

J

This coding was used to evaluate the degree to which students’
concurrent and retrospective reports reflected full use of cognitive

models or even partlal use of models.

Coding Scheme Coding Scheme [ Coding Scheme J Coding Scheme
1 2 3 4

4.20 Bookmark: Segementation for Cog Labs

A

Segmentation of
Verbal Reports:
Cognitive Labs
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4.21 Example

Segmentation of Verbal Report

In cognitive labs, the respondent is relaying how he or she understands or
perceives a question or item. The verbal reports are therefore continuous
conversations with the interviewer as the respondent answers the
interviewer’s questions and elaborates on probes such as

“Tell me more about what you’re exactly thinking about.”

Sample Item &

Interview Questions

Example Item and Interview Questions (Slide Layer)

Item and Interview Questions

Use the following information to answer the next question,

A candy dish contains 2 blue candies, 1 red candy, 3 white candies, and 2 green candies.,
Twao candies will be randomly selected from the dish, one after the other, without
replacement.

14 The probability of selecting a blue candy and then a candy that is not blue is

- sl g

s

task?
4. Is there anything you would change about the

task? h
5. How difficult or easy was it to solve the task while
voicing your thoughts?
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4.22 lllustration |

lllustration (1)

Now that you are finished with the task, | will ask you the five questions....

l Can you tell me the steps or any strategies you used to solve the task? I

Umm, [laughing, | don’t know what the actual names of these
strategies are, umm ... |, | used, | mean, | mean statistics,
probability. What | should have done is to use multiple choice

testing strategies and figure out which one of these are

ridiculous. | don't think it’s 1 out of 28. And so on and so forth.

I Did you find the task difficult or easy or so-so? I

I Difficult, because | don't do math. I *

4.23 lllustration Il

lllustration (l1)

Did you feel any emotions as you were solving the task?

| mean moderate frustration.

Is there anything you would change about the task?

If | was to give it to a student? The task in all seems fine.

How difficult or easy was it to solve the task while voicing your thoughts?

Maybe easier than not voicing my thoughts.
It's cﬁfferent. | don’t know, it's equal to compare.
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4.24 Coding Complexity

Coding Complexity

Coding is guided by the structure of the questions:

If interviewer questions provide options / choices for respondents, the analysis
is a simple description of how many respondents chose the different options.

When the interview script involves questions plus elaborative probes, then
using the interview script is a small part of coding. In this case, themes and

codes are outlined along with exemplars.

For either coding complexity, a formal rubric is developed to apply codes

4.25 Knowledge Networks

Knowledge Networks: Aquatic Systems

Expert knowledge network Novice knowledge network
based on 8 participants based on 22 participants

Reference
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Reference (Slide Layer)

Reference

Cogaitive Scicnce 28 (2004) 127-138

Original figures 1and 2
Comparing expert and novice understanding reprinted with permission from
of a complex system from the perspective Wiley from:

of structures, behaviors, and functions

Cindy E. Hmelo-! Merav Green Pfeffer

Hmelo-Sllver, C., & Pfeffer, M. G.
{2004). Comparing expert and
nevice understanding of a

Abseract complex system frem the

e e e ey perspective of structures,

: behaviors, and functlons.
Cognltlve Sclence, 28(1), 127-138.

Received 28 October 2002 receivod i 26 February 2003; acceped 15 May 2003

useful formalism for understand

served.

4.26 Code Generation

A

Code generation by raters is an especially time-consuming process because:

= Raters need to be trained to review reports to develop a list of themes and codes
= Ratings have to be assessed for comparable identification of themes and codes

= |nterrater agreement statistics have to be calculated
= Changes may have to be made to the themes and codes
= More coding will need to be conducted if such changes are made

= Additional interrater agreement statistics will need to be re-calculated

= Only upon satisfactory completion, reports are coded and represented visually
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4.27 Bookend:Segmentation for Cog Labs

This is the end of this part.

Topics

5. Section 4: ABC Tool

5.1 Cover: Section 4

Hello Section 4:

%Learner_ Name%!

The ABC Tool

[15 Minutes]
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5.2 Overview

Introduction

Think-aloud interviews and cognitive labs provide valuable information about
response processes and learner experiences / perceptions

Difficult to implement at scale due to one-to-one match of interviewer and
participants - ABC tool can help with scaling up

Affective, Behavior and Cognitive
process data collection tool

12 e pcfoc, cck hve

To get access to the ABC tool contact Blair Lehman at ETS (blehman@ets.org)

5.3 Team

'r" Tom Florek Enruo Guo

4

. Blair Lehman Pavan Pillarisetti

’

' Deb Pisacreta
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5.4 Supported Features

Supported Features

The ABC tool was created to:

design and implement experiments with audio and video without programming
support automated cognitive interviews with replay functionality

allow uninterrupted data capture

allow frequent probing of participants

collect responses for uncomfortable questions due to lack of human interaction

ST S

facilitate the expansion of research knowledge and data-driven insights

5.5 Experimental Design ()

lllustration: Task & Playback
Start Pre-Task

Dlrectlons '
before Task ‘ PK::;‘E;SI(
Task Y

\Z

Directions

before Video |
Video “ Playback

Playback

Experiment
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5.6 Playback Interface

o o o o0

How were you feeling at this point in the interaction?
Angry o Curious o Frustrated o Sad
Anxious o Delighted o Happy o Shame
Bored o Disgusted o Hopeful o Surprise
Confused o Engaged o Hopeless o Neutral
Contempt o Fear o Pride
continue

Seare: 15 polnts Level: 2

5.7 Question Functions

Question Functions

b

o

S TS

The following question features are included:

automatically pose guestions at specific:
= time intervals (e.g., every 30 seconds)
» time locations (e.g., at 1:30 minutes or 5 minutes)
= events (e.g., everyone responds to question 2)
event insertion requires access to log files
up to four questions can be inserted at each stop point
questions can take multiple formats (e.g., MC, CR, grid)

no adaptive guestion insertion possible at this point

>

—
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5.8 Experimental Design (1)
A L

Start Pre-Task
Experiment Activity
‘ Post-Task |
L ‘ H Activity )'
Video | Directions
Playback at End

Directions)
before
Task

—

Directions
before
Video

Playback

End
Experiment

5.9 Tool Feature Selection
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5.10 Recording Options

Recording Options

ABC procass data collaction tool @ =
Salect ophions faf reCording your vided, You San elect b d e patCipar
_’ﬁ Record options duuring your study. You €an also record the pariicipant’s face snd/or voice whils they are working 60 the task
Cack on Tips for o information. (7)
If‘:ﬁ Task options
T3 Video playoack optons Scroen Coplure Study Participant
Usa of video
Seiect siop point
Craste questionl) for partcpants
Sebect vidao controls.

5.11 Main Screen

Home Screen

ABC process data collection tool Introduction @

Bofore you begin Lsing S0 ABC ol is rporiant i3 contider several asgmcts. of your study Beim i & pouesal fow of events for your sy that
icudes s suslistie opsons. Inlonmason that you heed 1o sel up your study & isted beiow. To gat more informaton, cick on esch event
This page is als acosssibis rom the 19 menu

Pro.aaut Actty (sptonal) Posttask Acthvity (optionsl)

Vites Playbach (eptienal)

- 00:00/ 01:11
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5.12 Playback Configuration

Playback Configuration

ABC process data collection tool @ =
Yo have welocted that you wart 10 use P video as part of your shady. Next. you wil decide how you want e videa 15 siop
& Record oplions. daring the
.
[5 Task cptions The observer or participant can only $19p tha video manually

R Video playback options
Une of vidoo.
Seact stop point.
Create Queston(s) for parcipants
SECt VORG CONYON.

Set up sutomatic stops. You can allow Be partcipant  S1op the video manually as wel

u 00:00/ 02:08

5.13 Question Configuration

Question Configuration

ABC process data collection fool @ —
. You selected stopping at specific locasons in e video. You have also chosen the option 1o manually s10p the vides. Now you can
57 Record oplions. ETEHIE QUOSONS ¥ WANL 16 35K M POMACIBants and Ik e 10 S0 Paints. Each S oIt can have BS Many &5 4 GUesIens.
[ Task opsons Queation Pool

Ansmatc g D cueations and place Srem 1o ihe beues on £ et
Video
Q. Video playback options Tt Gueston®
Use of video o 1]
Seloct step pont 100
Craate question(s) for particeants 2%
Seloct vdeo contros 1o

Proipoat sk activites Marual Stap

L N
[oJoJoJoJoJoloJoYololoJo]

Lonesn isum dor 84 amet. consecisiur adpecing el Asnean eusmed b

B o ==

u 00:00/ 02:37
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5.14 Time Management

Time Management Back

ABC process data collection too! @ =

The 1olal time essmate for your study is SHown alow. YOU €80 o0i your chesces Il needed. Video HayDack im is esumaled

‘.
4 Record options
= based on the recorded task tme and thi number of stop points,

=
[ Task aptions Total Time 52:45

13 Video playbick options

Pro-task Time Study Time Posttask /Video  yigeq Playback Time Ve
Processing Time Upload Time
Usa ol videa
-
Croate question(s) for pacipants
Swioct video controls 800
6:00 15:00 700 2100 345
' csional sty cpions v s e s
actory |90 wak 159 vy | 5% recerdngs 159
Pre/post lask actvities.
mhschs o Ovections | 1:00 Owections | 1.00 m:?;-x“;’: 500
Data capture for playback )
vm:yf:; T.00 Drections. 100
() View tima estimate
[ eview your study Qptional sk s [ev—— FOPR——

6. Section 5: ABC Tool Activity

6.1 Cover: Section 5

Hello

Section 5:

%Learner_ Name%!

ABC Tool
Activity

[15 Minutes]
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6.2 Activity Overview

Activity Overview

* 4video clips of participant playing the "Awkward Annie” game
» game designed to assess English language pragmatics in the workplat

= participants take the role of Annie in a virtual workplace

* participants engage in conversations with coworkers that differ by:
(a) relative power
(b) relative familiarity

= each conversation has 3 turns with 3 options

= virtual avatars react via text, facial expressions, and gestures

= 2 versions of game with different goals:

(a) awkward conversations

(b) polite conversations

6.3 Activity Overview

Activity Overview

Watch clips and generate possible questions considering factors sucl

a) task features

b) participant cognition

N

) participant response processes

(
(
(
(

d)  participant experience

Video 4
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Video 1 (Slide Layer)

Click on the video, which will open in a new browser window

Video 2 (Slide Layer)

Awkward Annle Score: 151 points Level: §

Click on the video, which will open in a new browser window
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Video 3 (Slide Layer)

Bwkward Amnle Seore: 120 points Lewel: 4 .‘

9

u
Sl
805

Click on the video, which will open in a new browser window

Video 4 (Slide Layer)

Click on the video, which will open in a new browser window
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6.4 Reflection Question 1

Reﬂectlon Questlon 1

Given the task and the recording channels
available in this experiment, what research
questions would you ask?

Please write down at least two
research questions.

Consider the different options for data collection
that are afforded by the ABC Tool.

6.5 Reflection Question 2

Reﬂectlon Questlon 2

Given these research questions,
what would your experiment look like
utilizing the ABC Tool?

v ldentify those ABC Tool events that you
would like to include (click the button
below for a visual reminder.)

v Next, write down a brief rationale for the
choice of each event.

¥ Finally, discuss your choices with a
colleague if you like.

ABC Tool
Events
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ABC Tool Events (Slide Layer)

ABC Tool Events Back

Directions
Video at End
Playback

Activity
Post-Task
Activity
Directions Directions before

6.6 Bookend: Section 5

This is the end of this part.

Main Menu
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6.7 Module Cover

NCML

ITEMS Module

l( Think-aloud Interviews )

& Cognitive Labs

L | -

%r

Document

Version 1.1
- END OF SLIDES -

November 16, 2021 § \
Document

Instructors Get Started Designers
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