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Abstract Cognitive labs are becoming increasingly popular over the past decades as 
methods for gathering detailed data on the processes by which test‑takers understand and 
solve assessment items and tasks. Yet, there’s still misunderstandings and misconceptions 
about this method, and there is somewhat skepticism about the benefits of the method as 
well as lack of best practices for using it. This study’s purpose was to clear out some of the 
misconceptions about cognitive labs, and specifically to show through theory and examples 
of use, the concrete benefits and best practices of cognitive labs in different stages of 
assessment development, ranging from early stages of conceptualizing and designing the 
task or item to later stages of gathering validity evidence for it. Previous literature review 
on the topic revealed that even the term “cognitive labs” describes different techniques, 
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originated in three different fields of study (Arieli-Attali, King, & Zaromb, 2011): 1) Cognitive 
Psychology and Artificial Intelligence research (“Think Aloud” studies, e.g., Ericsson and 
Simon, 1993); 2) Survey development studies (“Cognitive Interviews”, e.g., Willis, 2005); 
and 3) software development studies (“Usability Test”, e.g., Nielsen and Mack, 1994). 
While the latter two fields draw from the first original method, the different terminology and 
practices might have been the cause for skepticism and avoidance of use in educational 
measurement. This study maps the various ways of applying the method, shedding light 
on which variation can be used in which context of assessment development, in order to 
answer the research questions. We conclude that while it is evident that uninterrupted think 
aloud is needed for collecting response process validity, more flexible techniques may be 
used in contexts of usability or for assessment fairness or accessibility purposes. 

Key words: Cognitive labs, thought processes, innovative assessment, validation 
methods 

THE NEEd FoR PRoCEss-ELICITING TECHNIquEs 
IN AssEssMENT dEvELoPMENT 

There is increasing recognition within the assessment community that traditional 
forms of validation, which emphasize expert judgments about content (“content 
validity”) or consistency with other measures (“convergence validity”), should 
be supplemented with evidence of the cognitive or substantive aspect of validity 
(Whitely, 1983; Linn, Baker & Dunbar, 1991; Messick, 1993, 1995; National 
Research Council [NRC], 2001, p. 206– 209). According to Messick, a central 
aspect of validity is construct validity, which enables the test developers to claim 
that the assessment is indeed measuring the construct it is intended to measure. 
However, within construct validity, a substantive aspect pertains to evidence 
about cognitive processes that presumably take place in responding to test items. 
Messick stresses the “need to move beyond traditional professional judgment of 
content to accrue empirical evidence that the ostensibly sampled processes are 
actually engaged by respondents in task performance” and suggests that one 
way to derive such empirical evidence is by using “think-aloud” protocols or 
eye movement records during task performance (1995, p. 745). This idea relates 
to the concept of construct representation, coined by Whitely (1983), which 
is derived from cognitive information processing paradigm, and consists of: 
“identifying the theoretical mechanisms that underlie task performance…….the 
relative dependence of task responses on the processes, strategies, and knowledge 
stores that are involved in performance” (1983, p. 180, emphasis added). Whitely 
emphasizes the need for explicit articulation of a model of task performance in 
the course of establishing construct representation, which may be included but 
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not required in the substantive aspect of construct validity as defined by Messick. 
Thus, increasingly, researchers in the field of measurement identified the need 
and the potential benefits in using process-eliciting techniques (i.e., techniques 
that elicit and track cognitive processes), since now validity also includes aspects 
or claims about processes vis-à-vis Messick, or explicit process models, termed 
process models of task performance vis-à-vis Whitely. To adjust to the changes in 
validity conceptualization, the Standards for Educational and Psychological Testing 
termed response-process validity to address this aspect of validity (Standards for 
Educational and Psychological Testing; AERA, APA, NCME, 1999). 

This increased focus on the processes of performance aligns with the aspiration 
to link theories of cognition and learning with assessment practices (Pellegrino, 
Baxter & Glaser, 1999; see also, Embretson & Gorin, 2001; Gorin, 2006; 
Leighton, 2004; Leighton & Gierl, 2007; NRC, 2001), originally expressed by 
Cronbach (1957). In “Knowing What Students Know” (NRC, 2001) the National 
Research Council assert the need to rethink the fundamental scientific principles 
of current approaches to assessment, and to broaden the assessment framework 
to incorporate advances in cognitive sciences as well as apply the expanded 
capabilities in psychometrics. With that, the focus of assessment would shift and 
allow for measuring and interpreting more complex forms of evidence derived 
from student performance. In that report the authors identify limitations of the 
current assessments in that 1) they do not capture the kind of complex knowledge 
and skills that are emphasized in contemporary standards and deemed essential for 
success in the information-based economy of the 21st century, like organization of 
knowledge, problem representations, use of strategies, self-monitoring skills, and 
individual contributions to group problem solving; 2) current assessments have 
limited if any useful implication for improving learning and teaching, the ultimate 
goal of education reforms; 3) current assessments are “static” in that they provide 
“snapshots” of achievement at particular points in time, but they do not capture 
the progression of students’ conceptual understanding over time, which is the heart 
of learning; and 4) current assessments yet do not fulfill to provide fairness and 
equity, and concerns about differences in the performance of various groups still 
persist (p. 26– 29). 

Several different developments around the turn of the 21st century can be seen as 
representing such efforts to address the limitations of traditional assessments: the 
rise of “performance assessment” to assess wider range of skills (Council of Chief 
State School Officers, 1999); the turn toward classroom assessment and formative 
assessment to become relevant to teaching and learning (Black & Wiliam, 1998; 
Heritage, 2007); the development of Technology Enhanced Assessment (TEA) 
to allow interactivity in assessment and address the “static” concerns (Bennett, 
2002); the application of Universal Design ideas to assessment to address issues 
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of fairness and equity for different groups (Laitusis & Cook, 2007; Thurlow et 
al., 2009; Thompson, Johnstone, & Thurlow, 2002); and the inclination toward 
diagnostic assessments that can provide specific information regarding strengths 
and weaknesses in student knowledge and skills. Reconceived approaches to 
test theory, reflecting these trends, proposed new assessment frameworks, such 
as: Cognitive Design System (CDS; Embretson, 1998), Evidence-Centered 
Design (ECD; Mislevy, Steinberg, & Almond, 2003; Mislevy, Almond, & Lukas, 
2003), and Competences Assessment Programme (CAP; Baartman, Bastiaens, 
Kirschner, & Van der Vleuten, 2007), among others, to support these new kinds of 
assessments. In these frameworks, attention is drawn to other ways of validation 
than the traditional “post-hoc” validation, specifically including collecting validity 
evidence at the stage of item development to establish process models of task 
performance. In a parallel vain, Kane (1992) proposed the reconceived approach 
to validation that emphasized the explicit fine-grain articulation of an interpretive 
argument of the scores, to be supported by a validity argument. Contemporary 
approaches in psychometrics revived and developed more sophisticated diagnostic 
models (cf. Rupp, Templin, & Henson, 2010) to go along with these new assessment 
frameworks. In these models, knowledge attributes are identified and incorporated 
into the latent trait estimates, expanding beyond the unidimensional skill that is 
often reflected in the scores, to be replaced by multidimensional scores. All of 
these developments set the stage and call for the application of process-eliciting 
techniques such as cognitive labs. 

What is a cognitive lab? 

A cognitive lab is a session where a participant is invited to perform a task in 
a laboratory setting with an experimenter or interviewer. The participant is 
introduced with the task, and is expected to perform it while “thinking out-loud”, 
that is, while saying out-loud the inner thoughts that come into their attention 
(without reflection or approaching the interviewer in any way), i.e., the talking 
is expected to be the verbalization of the “cognitive processes” that took place 
(thus, cognitive lab). The experimenter is observing and recording the participant’s 
talking, but does not interfere. The underlying principle of the uninterrupted think 
aloud is that any verbalization produced by a subject while performing a task 
represents the contents of the subject’s Short-Term Memory (Ericsson and Simon, 
1993), reflecting the inner voice. It is difficult to fully understand and appreciate 
the method without knowing where it was originated and what it was developed 
for. The original method was called Think-Aloud method and it originated in 
experimental psychology research on thought processes since the early 1900s in 
Europe (Bulbrook, 1932, Watson, 1920, among others as cited in Ericsson and 
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Simon, 1993; Duncker, 1945), and specifically in the area of artificial intelligence 
after World War II in the United States (Newell & Simon, 1972). Extensive 
research demonstrated the validity of this approach to produce evidence on the 
actual cognitive processes which take place at time of performing a task (Newell 
& Simon, 1972; Ericsson & Simon, 1981; 1984; 1993). 

Still within this approach, another complimentary feature can be added – the 
retrospective probing. Retrospective probing is an after-task session with the 
participant, where the interviewer asks the participant questions about the task, 
specifically reflecting on how they went about solving it. This component usually 
adds more insightful information, although the experimenter should keep in 
mind that the post-task interview may not necessarily reflect authentic thought 
processes, but rather the subject’s own interpretation and reflections on their 
thought processes. 

The method of think-aloud was adopted by other fields of study and adapted 
for different purposes. The adaptations were often applied with one major change 
– adding intermittent questions while the participant is performing the task. Yet, 
this seemingly small change is challenging the theoretical basis of the method – 
can one still claim that the thought processes are the authentic ones elicited by 
the task, or are they derailed by the intermittent questions? Since it is arguably 
the second option, this change can be applied only in cases where there is interest 
in other aspects of task performance rather than in authentic thought processes. 
Such interests are those which focus on detecting problems in the task, such as 
task misunderstanding or participants’ explanations or suggestions to improve 
it. Our study revealed two main adaptations to the think aloud method: one by 
survey developers to pre-pilot survey questions (the cognitive interview approach; 
Beatty & Willis, 2007), and the other by software designers to examine software 
interface usability (the usability studies approach; Nielsen & Mack, 1994). Since 
the terminology and the actual practices are sometimes similar and sometimes 
different, we first suggest below a classification of the various techniques to better 
understand the similarity and differences between the various techniques, primarily 
in terms of their purposes and potential use. 

various Cognitive Lab Techniques 

As explained above, cognitive lab is a term used today for various techniques 
developed originally in different fields of study and for different purposes. We 
suggest the following classification: (1) think aloud session – uninterrupted 
thinking aloud while performing a task; (2) cognitive interview – interrupted 
thinking aloud while performing a task, with intermittent probing for additional 
information; (3) retrospective probing – probing for additional information 
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after an uninterrupted or interrupted think aloud OR cued or stimulated think 
aloud - uninterrupted or interrupted thinking aloud while observing a recording – 
computer screen key strokes, eye tracking traces – of oneself performing a task; 
and (4) usability testing – thinking aloud while performing a computer based task 
to examine the usability of the interface, with intermittent probing for additional 
information, and with retrospective probing (an application that combines 
techniques 2 and 3 with adaptions). 

Our mapping to these 4 types helps distinguish the different purposes and uses, 
as well as the origins. Technique 1, the think aloud approach is the original and most 
strict technique, aiming to track thought processes, and originated in experimental 
psychology. Techniques 1 and 2 are both concurrent techniques, i.e., are applied 
while the participant is performing the task, but technique 2 allows for intermittent 
probing which has a crucial effect on the purpose and outcome of applying this 
technique. Technique 2 is the adaptation (or relaxation) of technique 1 to contexts 
less interested in authentic thought processes but rather focus in task problems 
(often used in survey design). Technique 3 includes several different retrospective 
techniques and can be applied after each of techniques 1 or 2, and as such also 
has a different purpose to elicit participants’ post-task interpretation. Lastly, 
technique 4 is a specific application for computer-based task which combines 
technique 2 and 3 with adaptions for the particular issues involved in software 
design. Table 1 presents the different techniques and their primary purpose and 
use. This classification will also help us in specifying or suggesting the appropriate 
technique at each phase of assessment development. 

While all the techniques share out-loud verbalization of one’s thoughts related 
to a task at hand, the only technique that actually enable tracing authentic thought 
processes, to a certain extent, is the uninterrupted think aloud method (Ericsson & 
Simon, 1984, 1993; see also, Ericsson & Simon, 1981, 1998; Ericsson, 2002, 2006, 
2017). All the other techniques come close to thought processes, but the processes 
are interrupted and thus might be derailed by the probing, yet are still useful for 
other purposes; eliciting and obtaining knowledge representation, comprehension 
and misinterpretation issues, persistent misconceptions or lack of knowledge, and 
in particular they enable obtaining explanations and suggestions from the point 
of view of participants (examinees/ students) (Beatty & Willis, 2007; Chi, 1997; 
Nielsen & Mack, 1994). The goals of usability testing and cognitive interviews are 
to detect problems with the items or interface, less so tracing thought processes or 
knowledge representations per se. 
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Table 1: Different cognitive lab techniques 

Technique description Primary purpose and use 
think aloud session uninterrupted thinking aloud while 

performing a task 
tracing authentic thought processes 

cognitive interview interrupted thinking aloud while performing 
a task, with intermittent probing for 
additional information 

eliciting and obtaining knowledge 
representation; identifying 
misunderstanding, misinterpretation 
and misconceptions 
detecting fairness and accessibly 
issues 

retrospective 
probing 
OR 
cued/stimulated 
think aloud 

probing for additional information after an 
uninterrupted or interrupted think aloud 
OR 
uninterrupted or interrupted thinking aloud 
while observing a recording of oneself 
performing a task 

obtaining explanations, reflections and 
suggestions 

usability testing thinking aloud while performing 
a computer-based task to examine the 
usability of the interface, with intermittent 
probing for additional information, and with 
retrospective probing 

specific application for computer-based 
task – 
detecting problems with item/task 
presentation; detecting fairness and 
accessibly issues 

As mentioned above, while the original think-aloud method was developed by 
experimental psychologists and artificial intelligence researchers (e.g., Duncker, 
1945; Newell & Simon, 1972), the other methods are adaptations often applied 
by practitioners: the cognitive interview approach was primarily used by survey 
developers (Beatty & Willis, 2007), and the usability testing approach was 
developed by software designers (Nielsen & Mack, 1994). Note that the cognitive 
interview technique bears close resemblance to the “clinical interview” method, 
termed and initially developed by Piaget, and predominantly applied in mathematics 
education research (Ginsburg, 1997), and in wider education research (Chi, 1997). 
The clinical and cognitive interviews have different goals though, the former being 
an assessment tool by itself, and the latter being a tool to refine an assessment tool. 
We emphasize this distinction when we discuss the various contexts of applying 
cognitive labs, and when to apply which technique. 

Arguments supporting the Need for Cognitive Labs in Measurement 

There are two major claims to support the need for cognitive labs in measurement. 
The first claim relates to validity and goes like that: since assessment scores are 
assumed to indicate knowledge, ability and skills, validity evidence needs to be 
collected directly also about the specific thought processes that are involved in 
responding to those assessment items. This is essentially the major claim behind 
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Messick’s call to go beyond traditional forms of validation to include also 
empirical evidence about thought processes rather than just the thought outcome 
(the response). Embretson took this claim one step further to say that this type of 
validity examination can be done also at the stage of item development within the 
CDS framework (Embretson, 1998), later also formulated in the ECD approach 
(Mislevy, et al., 2003). 

The second claim relates to aspects of reliability and construct irrelevant 
variance. Reliability examination, as well as construct-irrelevant variance 
examination, is charged with the task to ensure that no systematic error or irrelevant 
variance is captured by the assessment scores. As it turns out, cognitive labs can 
be applied for this purpose too. This takes the form of two separate venues: one 
with examinees, and one with scorers. The latter was identified by educational 
measurement researchers who focus on human scoring (e.g., Huot, 1988, 1990), 
applying think aloud with human raters to better understand rater cognition. The 
former, applying cognitive labs with examinees for the sake of identifying construct 
irrelevant factors was a later development (e.g., Leighton & Gokiert, 2005), that 
came along with the wider application of cognitive labs in the item development 
stage. In fact, if the purpose is only to identify construct irrelevant factors (and 
not to test process models of task performance), a more relaxed version of think-
aloud may suffice. For example, computer-based assessment adopted a version of 
usability testing from the field of software design, where potential users are asked 
to think-aloud while navigating through a computer program. This method uses 
think-aloud but with intermittent probing, to direct to specific features of interest. 
Although the intermittent probing interferes with the thought process, in the case 
of identifying irrelevant features of the task, it is often enough to obtain the student 
interpretation and comprehension of the task. We will return to this discussion 
later in the paper, but for the point we want to make now, it would be suffice to say 
that the two major needs for cognitive labs in educational measurement, collecting 
validity evidence and identifying construct irrelevant factors, two variations of 
cognitive labs are appropriate. 

The major shift or transformation that occurred in the conception of validity, 
not only to go beyond traditional practices of content and convergent validity to 
practices of process validity, but also to start the validity examination in the item 
development stage, opened the door to a wider application of cognitive labs in 
measurement. Within the traditional approach to validity, validity studies were often 
conducted after items were piloted and full item analysis (such as item difficulty 
indices, item discrimination indices, reliability estimates) was obtained. When 
item analysis yielded results that were difficult to interpret, such as differential 
item functioning, researchers looked for a way to resolve it. One way was to 
conduct think-aloud laboratory studies, where students or potential examinees 
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were asked to think aloud while responding to the test items (e.g., Freedle, Kostin, 
& Schwartz, 1987; Gallagher & Mandinach, 1992; Katz, Bennett & Berger, 2000). 
The students’ verbalization was recorded, and later analyzed in light of the item 
analysis. The motivation for applying this then-new method in validity studies 
came directly from the fact that educational measurement researchers were often 
trained psychologists, and this was one of the method applied in research on 
thought processes in experimental and cognitive psychology as mentioned above 
(Bulbrook, 1932; Duncker, 1945; Newell & Simon, 1972; Ericsson & Simon, 
1981; 1984; 1993). Applying the think aloud method also in human rating studies 
stemmed from the same motivation, to understand the thought processes behind 
the judgment process that produce a score or a rating, how raters decide to give 
one score or another and what factors play a role in this decision, and in particular 
identifying the irrelevant factors. Yet, around the 1990s, application of think-aloud 
in validity studies were a rare sight. 

With the new frameworks, such as the CDS (Embretson, 1998), and ECD 
(Mislevy, et al., 2003), and the reconceived approach to argument-based validity 
(Kane, 1992), there became a need for an explicit articulation of the validity 
argument, and particularly throughout the test design and development, rather than 
after piloting items as was conventionally done till then. At that time appeared 
calls to apply the method at the item development stage (Embretson & Gorin 2001; 
Leighton, 2004; NRC, 2001; see also Leighton, 2017; Padilla & Leighton, 2017), 
however, there was some reluctance to adopt the new method and even controversy 
about the usefulness of the method. Embretson and Gorin assert that although the 
“advantage of this method is in its applicability to all types of assessment tasks, 
including performance assessments”, they indicate that the “framework has not 
yet been widely applied and further validation of verbal protocol measurement is 
needed to address the issue of reliability” (2001, p.345). The National Research 
Council also notes the trade-off between the richness of the verbal data and the 
interrater agreement in analyzing verbal protocols; the higher the former, the lower 
the latter. Interrater agreement is often found to be in the range of 0.6-0.7 (NRC, 
2001, p.100), which may be one of the obstacles for applying the method. 

Leighton (2004) addresses the issue of the scarcity of educational measurement 
studies that employ cognitive labs and in particular think-aloud technique, and 
lists three main reasons for that: 1) educational measurement specialist are not 
trained in cognitive psychology; 2) collecting verbal reports is costly and time-
consuming, and not always practical; and most importantly, 3) verbal protocols are 
perceived in the assessment community as “untrustworthy”, believing that students 
cannot be trusted to articulate what is on their minds as they solve achievement 
items (Leighton, 2004; p.9). In her paper Leighton addresses what she calls the 
“misconceptions” about the untrustworthiness of verbal reports; misconceptions 
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that lead to misuse and consequently to missed opportunities. Leighton (2004) 
stresses that knowing the how and when to use this methodology is critical to 
obtaining useful information, that is, an appropriate use of the method has to 
involve understanding of the distinction between the different techniques and the 
factors that affect the usefulness of verbal reports. 

Whether the information obtained via cognitive labs can inform the substantive 
aspect of construct validity (defining cognitive models of task performance), or 
detecting construct irrelevant factors, there seemed to be a need expressed by 
several scholars in educational measurement to communicate the potential of the 
method and to advocate for applying it. Indeed, in the last decade there is a growing 
body of work that has applied the method and found it beneficial and insightful, 
but it is not yet known as such to the educational measurement community. Next, 
we review several of these studies, organized and classified by the different phases 
of assessment development that they were applied to. Bringing together these 
studies under the classification of development phase, may help researchers and 
practitioners learn whether cognitive lab approach is applicable in their context, 
and which of the techniques they should use. 

usE oF CoGNITIvE LAbs AT dIFFERENT PHAsEs IN AssEssMENT 
dEvELoPMENT 

Within this wide range of techniques of cognitive labs as described above, there 
is also a wide range of uses and applications. Chronologically in the educational 
measurement community, cognitive labs were first applied as a post-hoc validation 
examination, and in the context of human scoring, to later be followed by more 
and more applications at the item development stage. In this paper, we outline 
the applications by the phases in assessment development in which they fit. 
We classify the applications of cognitive labs into four major types of contexts 
or phases: (1) the phase of test design and item development; (2) the phase of 
determining scoring; (3) the phase of post-piloting items and test; and (4) the phase 
of ensuring fairness and equity. These four phases seem to follow the logical steps 
of test development, for example, as formulated by ECD (Mislevy et al., 2003), by 
which domain specification and test design (Student Model or Proficiency Model) 
is followed by item development (Task Model) and scoring (Evidence Model), 
and the issue of ensuring fairness is separate. However, in practice, this is not 
necessarily the case, and particularly in the case of fairness and equity matters. 
Traditionally fairness and equity were procedures that took place after assessments 
were fully developed, and even piloted, due to the nature of the post-hoc validation 
that were customarily exercised. However, in the past few years, these procedures 
not only changed their nature but also were advocated to take place at the item 
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development phase, as part of the Universal Design framework (Johnstone, 
Thompson, Miller, & Thurlow, 2008). Nevertheless, we will treat the context of 
fairness and equity as a separate context, since it has its unique characteristics in 
regards to the application of cognitive labs. 

Applying Cognitive Labs at the Stage of Construct Definition 
and Item development 

Establishing validity evidence at the item development stage is a recent endeavor 
(Leighton, 2017; Padilla & Leighton, 2017), which is due primarily to the 
reconceived approaches to validation and the new assessment frameworks, such 
as the Cognitive Design System (CDS; Embretson, 1998) and Evidence-Centered 
Design (ECD; Mislevy et al., 2003). In this context, there is a rich variety of 
applications, which includes different techniques to address different research 
questions. Under this category we identify three major applications: (a) establishing 
cognitive models of task performance for specific items; (b) establishing cognitive 
models of domain mastery for general features of items or item models; and 
(c) identifying construct irrelevant factors in early stages in order to refine 
items, primarily related to computer-based assessments. These three contexts are 
substantially different in their research questions and are often confused: the first 
requires strict uninterrupted think aloud technique, the second – semi-structured 
cognitive interview, and the third – usability testing that entails a combination of 
interrupted think aloud and retrospective probing. To establish cognitive models 
of task performance for specific items, the goal is to track thought processes as 
authentic as possible. Thus, cognitive labs in the form of uninterrupted think 
aloud (with or without retrospective probing) should be used, since they are able 
to provide the required information about thought processes and the construct 
to be measured as manifested in a specific task (Ericsson & Simon, 1993). The 
second type, cognitive models of domain mastery are in fact definition of the 
construct in cognitive terms (Gorin, 2007), also referred to as proficiency model, 
construct map (Wilson, 2005), or student model in the ECD framework (Mislevy 
et al., 2003), and these models are not task specific but rather more general, 
containing the components of the Knowledge, Skills and Abilities (KSA) that 
constitute the construct. To establish this type of models via cognitive labs, it is 
not necessary to use developed test items, but rather to employ several different 
types of items to elicit the specific components of the KSA. For this purpose, 
cognitive labs in the form of interviews are more suitable. The cognitive interview 
is a hybrid method that stems from two unrelated origins: one is the tradition of 
Piaget’s clinical interview approach which was widely employed in mathematics 
education research (Ginsburg, 1997), and the other is the cognitive interviewing 
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technique applied in the survey development domain (Willis, 1994; 2005), which 
was derived from the think aloud technique, modified to identify comprehension 
issues. What characterizes the cognitive interview approach is a semi-structure 
interview, in which some of the time the student may be thinking out loud when 
performing a task, but most often the interviewer interrupts with probes (either 
pre-determined or spontaneously). Although this technique does not allow tracing 
authentic thought processes for a specific task, due to the intermittent interruptions, 
it does allow identifying certain aspects of knowledge representations, including 
student conceptions and misconceptions regarding a specific topic. In other words, 
this latter context of use does not intend to say something about a specific task, 
but rather about certain attributes or features of tasks, that constitute mastery 
(proficiency) in a domain (hence, cognitive models of domain mastery) (see also 
Chi, 1997). The third subtype deals with identifying irrelevant features in the 
process of item refinement. This is specifically important in computer-based tests, 
where assessment developers wish to ensure that the delivery format (the computer) 
does not introduce difficulty sources that are construct irrelevant. The cognitive 
lab technique that is suitable here is of the usability testing form. This includes 
asking the user to talk out load while interacting with the computer interface, but 
with interruptions to address specific concerns of the interface developer. Here too, 
the authentic thought processes may not be traced, but the relevant information 
about the usability of the interface to allow test taker to interact with the system 
in the way anticipated is obtained. We bring examples of studies for each of these 
three uses in the item development stage. 

Establishing cognitive models of task performance for specific items. 

In the 1990s there were studies that started to use strict think aloud to test hypotheses 
about cognitive models of task performance, or to develop them from the verbal 
reports (e.g., Baxter & Glaser, 1998; Hamilton, Nussbaum, & Snow, 1997; Katz, 
1994). For example, Baxter and Glaser (1998) relied on the original method of 
Ericsson and Simon (1984; 1993) and Chi (1997) for obtaining verbal protocols for 
performance-based science inquiry tasks, and identifying matches and mismatches 
between task objectives (the cognitive activities that are likely to be elicited, as 
articulated by test developers) and the actual student thought processes as revealed 
in the think-aloud sessions. The analysis of the protocols allowed the researchers 
to develop and iteratively refine the cognitive models of task performance; models 
that when articulated justify and validate the interpretation of the scores on those 
tasks. In other words, since the goal of the research was to develop process 
models of task performance, these models were specified a priori (in task analysis 
process), and tested via the verbalization of examinees. Hamilton, Nussbaum and 
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Snow (1997) conducted a similar study, foreseeing the advantages of the method 
to obtain information towards identifying categories of cognitive demands that the 
tasks elicited and which is valuable to explicitly take into account and articulate at 
the onset of task development. For example, in examining science tasks, Hamilton 
and his colleagues identified the following cognitive demand categories: use of 
working memory, use of language and communication, metacognitive skills, 
application of prior knowledge and expectations, acquisition of new knowledge, 
and use of scientific processes. 

Another way to define cognitive models of task performance is by identifying 
differences in the processes that a task elicited in people with different levels of 
skill and knowledge, i.e., novices vs. experts (cf., Chi, 1997). Katz (1994) applied 
the think-aloud method for that purpose on an early version of the computer-
based NCARB Architecture licensing exam. Comparisons of the verbal data from 
novices and experts, along with analyses of the test-takers interaction log (log 
of the sequence of each mouse clicks and key strokes), led to identification of 
differentiate processes taken by people with different levels of skill and knowledge. 
These differences in processes led, in turn, to suggestions for revising tasks to better 
distinguish levels of expertise. In these three examples, the researchers exploited 
the task(s) to elicit and trace the thought processes, and in iterative process refined 
the tasks so that they will better elicit the thought processes of interest. 

Establishing cognitive models of domain mastery for general features 
of items or item models. 

Cognitive models of domain mastery are detailed articulation of the fine grain bits of 
knowledge, skills and ability that are required in order to be proficient in a domain. 
With the transition within the validity approach, the traditional “test specification” 
is gradually replaced by “proficiency models”. These models do not only specify 
the fine grain bits of knowledge (the nodes), but also the relationships among them 
(the links), creating a map of proficiencies. Similar to test specification definition, 
domain analysis is first required, often done via a well-established curriculum in 
the content domain. But unique to the proficiency models is that they are often 
research based, that is, they are developed based on a comprehensive literature 
review, synthesizing a wide scope of findings relevant to the KSA of interest 
(e.g., Confrey & Maloney, 2010; Arieli-Attali, Wylie, Bauer, 2012; Arieli-Attali 
& Cayton-Hodges, 2012). Since these models are hypothetical, cognitive labs can 
be a good source to obtain empirical evidence to test these models. However, for 
this purpose, a different form of cognitive lab was often applied. Since in these 
cases items are not yet fully developed or the focus is not on a particular item 
but rather on particular components of KSA, the “ideas” for an item is examined 
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via the cognitive lab. This is done by an interactive student-researcher interview, 
led by interviewer probes, in the tradition of Piaget’s clinical interviews. For 
example, Baxter and Witkovski (2002) used interviews with middle school 
students to identify students’ strategies as a means to diagnose students’ level of 
understanding. Strategies for solving the items were extracted from the interviews, 
in conjunction with the students’ answer. The information from the protocols 
supported the development of a cognitive developmental model for proportional 
reasoning, as well as the conceptual basis on which the design of a cognitively 
diagnostic assessment in proportional reasoning will be based (Baxter and Junker, 
2001; Weaver and Junker 2004). Similar studies (Confrey & Maloney, 2010; 
Arieli-Attali & Cayton-Hodges, 2012) applied cognitive interviews with students 
in the purpose of developing a conceptual model as basis for assessment design. 
Confrey and Maloney developed a detailed learning trajectories and learning maps 
of mathematical concepts with potential applicability for instruction; whereas 
Arieli-Attali and Cayton-Hodges refined a learning progression in mathematics 
for the purpose of creating assessment tasks linked to the levels in the progression. 
In particular, Arieli-Attali and Cayton-Hodges identified features of tasks that 
allow observing transition from one level of proficiency to another aligned with 
the conceptual learning progression. Using this form of cognitive lab, a semi-
structured cognitive interview with students, allowed the researchers cited here to 
test or develop cognitive models of domain mastery. 

Identifying construct irrelevant factors in early stages of item development 
and refinement. 

Innovative computer-based tasks may introduce additional construct-irrelevant 
variance, unless properly designed (Dolan, Rose, Burling, Harms, & Way, 2007; 
Zapata-Rivera & Bauer, 2011). Developing a Technology Enhanced Assessment 
(TEA) requires examining different usability issues, such as: whether students 
know where to click in order to answer an item or go to the next item; whether they 
know how to use specific applications with drag-and-drop, graphing etc.; where in 
the screen their eyes are focusing the most and do they ignore parts of the screen; 
which properties of presentation (e.g., colors, resolution, font size, picture size, 
etc.) works best; whether student use the interactive options and how do they use it; 
does the interface pose higher demand on cognitive load; and other similar issues. 
Dolan, Goodman, Strain-Seymour, Adams, and Sethuraman (2011) used cognitive 
lab technique to examine the function of computer-based innovative items in 
comparison with “matched” traditional multiple-choice items that covered the 
same content standard. One of their findings indicates that students who were less 
computer-savvy tended to need more time to figure out what they need to do. In 
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their study, Dolan and his colleagues relied on the cognitive lab to reveal whether 
the cognitive schema students actually employ when responding to innovative 
items are similar to the expected cognitive pathways employed in MC item, the 
degree to which the enhanced functionality of computer-based items impacts 
student responses, and where are the places students struggle with the interface. 
They argue that “the potential for the cognitive lab protocol to generate both 
types of data—usability-related and construct-related—was regarded as a benefit 
rather than a confounding factor” (p. 12). Although the researchers carefully used 
the strict think aloud to trace uninterrupted thought processes, and then used the 
retrospective interview to detect usability issues, they mention a limitation of 
this design in that “attention [of students] repeatedly [was] drawn to features of 
the items that made them unique, thus encouraging interface exploration beyond 
what would be expected in a normal testing environment—as well as potentially 
distracting them [the students]” (p.62). This latter comment illuminates that the 
combination of think-aloud and retrospective probing to track both construct 
related (thought-processes) and usability issues at the same session is in fact 
problematic; the thought processes are influenced and derailed even just by the 
focus on usability issues, and therefore inferences about construct related issue are 
limited or misleading. In other words, the construct related and the usability issues 
are two different research questions and are best addressed separately, the former 
by an uninterrupted think aloud, the latter by a probing centered techniques, such 
as an interrupted think aloud and a retrospective probing. 

Applying Cognitive Labs in determining and validating scoring Procedure 

A major application of cognitive labs is in the context of scoring open-ended 
responses, or studies that investigate raters’ cognition (e.g., Crisp 2008; Cumming, 
1990; Huot, 1988; Joe, Harmes & Hickerson, 2011; Milanovic, Saville, & 
Shuhong, 1996; Sanderson, 2001; Suto & Greatorex, 2008a; Suto & Greatorex, 
2008b; Vaughan, 1992; Weigle, 1994, 1999). Raters’ cognition consists of the 
strategies raters use in scoring responses, including possible effects on their rating 
behavior. Open-ended items, such as constructed response, expanded response 
essays, performance response or portfolio, require human scoring, which often 
adds source of error variance to the scores. The scoring procedures of constructed-
response items have important implications for the validity of the test. Validation 
of the scoring procedures is considered as one aspect of the construct validity, 
namely - the structural aspect that “refers to the fidelity of the scoring structure 
to the structure of the construct domain at issue” (Messick, 1995). According 
to Kane and his colleagues (Kane, 1992; Crooks, Kane & Cohen, 1996; Kane, 
Crooks & Cohen, 1999), a validity argument is an explicit interpretive argument 



Ask. Vol. 32 (1, 2023) 18 

that includes the assumptions made in “inferring from the scores of the test to the 
statements, predictions, decisions etc. taken” based on these scores (Kane, 1992, p. 
13). In Crooks et al. paper, the authors argue that close examination of the scoring 
process is one of the links in the validation chain, and failure to ensure adequate 
validity of the scoring process can reduce the validity of both score interpretations 
and consequent decisions for some or all students. Specifically, they identify 
five threats to the validity of the scoring procedures: 1) Scoring fails to capture 
important qualities of task performance; 2) Undue emphasis on some criteria, 
forms or styles of response; 3) Lack of intra-rater or inter-rater consistency; 
4) Scoring too analytic; 5) Scoring too holistic. Cognitive lab techniques can help 
in examining and reducing all five threats, primarily by applying think-aloud with 
raters while they are scoring responses, but also with students while responding to 
items, to identify components of responses that should be addressed by the scoring 
rubrics. Analysis of the verbal protocols can inform not only the scoring rubric 
development and refinement, but also decisions about rater training, which in itself 
may promote interrater agreement. We provide below some examples of studies 
that used think-aloud techniques to validate a scoring rubrics and/or to improve 
rater training. 

Traditionally, development of the scoring rules relies on expert judgment; 
however cognitive lab techniques can contribute to that end either by examining 
raters’ behavior or by exploring examinees’ performance. The later was illustrated 
in a study by Baxter and Glaser (1998) where the analysis of verbal protocols 
revealed gaps in the scoring rubrics, that is, the quality of the thinking and 
reasoning that was evident during the think aloud session was not reflected in the 
scoring rubric criteria. As a result, the rubrics were revised accordingly. Another 
example comes from the research agenda for the TOEFL 2000 writing (Cumming 
et al., 2000). This agenda suggests to use think-aloud studies of examinees as they 
perform different writing tasks, in order to establish score meaning, because, as they 
argue, the think-alouds may prove useful in determining the relevant and irrelevant 
processes that examinees use when they take the test. Scoring rubrics that reflect 
processes are particularly difficult to develop and can be aided by think aloud data 
(Jonsson & Svingby, 2007). In their literature review of scoring studies, Jonsson 
and Svingby report that most studies describe an outcome- or product-scoring 
system, rather than a scoring which reflects processes. They cite only one paper 
that used a process-based scoring procedure (Osana & Seymour, 2004, as cited 
in Jonsson & Svingby, 2007). The authors argue that “just by providing a rubric 
there is no evidence for content representativeness, fidelity of scoring structure to 
the construct domain or generalizability” (p. 137), and that most studies address 
the content validity aspect provided by experts judgments, but do not concern 
themselves with providing evidence to support the construct validity through the 
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thinking processes that are reflected or not reflected in the scoring. By collecting 
empirical evidence about examinees thought processes and comparing it to the 
scoring rubrics, the first threat to validity of the scores is addressed: ensuring that 
scoring does not fail to capture important qualities of the task performance. 

The second threat to the validity of the scores, which cognitive labs with raters 
can address, is the effect of construct irrelevant factors on raters while they are 
scoring a response, namely the “threat of undue emphasis on some criteria, forms 
or styles of response” in the scoring process (Crooks et al., 1996). Factors that can 
affect raters and bias the scoring, such as halo effect (tending to use performance 
on one aspect of the task to create and justify the final judgment), or context effect 
(comparing a previous response in the scoring of a current response) were evident 
in verbal protocols of think aloud studies with raters (Johnson, 2008; Orr, 2002; 
Vaughan, 1992). For example, Johnson studied factors that were influential in the 
process of scoring a portfolio according to a pre-specified rubric, and reported 
from the verbal protocol analysis that raters tended to use performance on one 
of the portfolio tasks to justify the final judgment for the whole portfolio, and 
that certain features of the criteria in the scoring rubrics dominated raters’ overall 
judgments (p.18). Another issue that was evident in the verbal data was the different 
interpretations of the terms used in the rubric. Johnson found that raters resolved 
ambiguity in different ways, affecting the consistency of the scoring. Johnson 
study analyzed the verbal data in conjunction with other socio-contextual factors 
of the raters. A study that took similar approach is Joe, Harmes and Hickerson’s 
(2011) examining verbal communication rating. Joe et al. defined general features 
of interest, (such as rater’s memory, socio-cultural) and by applying think aloud 
techniques, the authors could identify which of the features of interest played a role 
in the scoring process. A relevant finding that replicated in both the above studies 
is that more experienced raters exhibited a different behavior than less experienced 
raters. In Johnson study, more experienced raters exhibit more holistic judgment 
and found it difficult to break down their judgment-making processes. This finding 
provides confirmation for the initial observation by Ericsson and Simon (1993) 
and others in the expert-novice domain (e.g., Chi, Feltovich, & Glaser, 1981) 
arguing that expert’s condensed knowledge is more difficult to be articulated in 
a think-aloud session. In Joe et al.’s study more experienced raters were found to 
follow their own pre-existing cognitive framework rather than follow the rubrics. 
The interpretation of this finding by the authors suggests that the rubric required 
simultaneous consideration of multiple components, which was not easy to follow. 
Similar findings were obtained by Orr (2002), showing that raters tended to form 
global or holistic judgments of the performance even though the scoring framework 
was analytic. In sum, think aloud study with raters can examine the extent to which 
rubrics are followed by the raters, and identify occasions that are not satisfactory. 
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Specifically, by analyzing verbal data, too analytic or too holistic scoring rubrics 
(threats 4 & 5 in Crooks et al., 1996) can be detected and fixed, either by refining 
the rubrics or improving the training. 

Rater training plays a central and crucial role in the quality of the rating and 
the resulting rater agreement. Cognitive labs in the form of think aloud were 
found useful also in informing and improving raters training. Several studies 
examined rater cognition in relation to rater reliability and implications for rater 
training (e.g., Crisp, 2008; Johnson, 2008; Milanovic, Saville, & Shuhong, 1996; 
Suto and Greatorex, 2008b; Vaughan, 1992). In particular, Johnson discusses the 
implication of detecting irrelevant factors in the scoring process to inform the 
training such that “discussion about the appropriate way to balance such features 
could form an important part of the initial training” (p.18, emphasis added). Suto 
and Greatorex (2008b) identified via think-aloud techniques strategies of raters’ 
behavior (such as, matching between features in the rubrics and features in the 
response, scanning, evaluating, scrutinizing), which helped them to design future 
training. Similar study was conducted by Vaughan (1992), identifying different 
rater reading styles of essays. Crisp (2008) used strict think-alouds to examine 
rater strategies in scoring responses of different length (short, medium or long 
writing answers to geography questions). In particular Crisp used the behavior 
pattern reveled in the verbal protocol to better understand specific low inter-raters 
agreement. For example, she notes that two raters who were in low agreement 
with the other raters also exhibited verbally different distribution of the evaluation 
strategies and too much deliberation over scoring decisions relative to the other 
raters. 

Understanding rater cognition goes beyond the validity of the scores of 
a particular assessment. When holistic scoring is used, for example for essay 
writing, often it is not entirely explicit what the exact nature of the construct is 
even when there is a high interrater agreement. The premise is that skilled human 
raters know how to identify “quality performance” (e.g., “good writing”), but the 
question remains as to “how do they identify it?” (or “what is encompassed in 
a good essay?”). Understanding the process of the rating of an essay can inform 
not only the training of new raters and the improvement of the rubric itself, but 
also the feedback to the writer and the score-reporting to the teacher in formative 
assessment framework (Popham, 1997). Moreover, with the move to automated 
essay scoring, unpacking rater considerations can inform the development of 
scoring models for machine scoring (e.g., Bejar, Williamson, & Mislevy 2006). 
Think aloud studies are a key component into rater cognition that is applied since 
the late 1980s – early 1990s (e.g., Huot, 1988; Vaughan, 1992; Weigle 1994) and 
till today. 
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Applying Cognitive Labs Post Item Piloting 

Cognitive labs can provide supporting or refuting evidence regarding item validity 
after item analysis is completed. Although there are psychometric methods 
to identify differential item functioning (DIF), it is not always apparent from 
investigating the content of the items found with DIF the source or the reason 
for the DIF. In the early 1990s, researchers in educational measurement started 
to apply the think-aloud method in studies investigating DIF originated from 
different sources: gender differences (in math tests: Gallagher & Mandinach, 
1992; Gallagher & De Lisi, 1994; in science test; Hamilton, 1999); Black-White 
differences in verbal analogies (Freedle, Kostin, &Schwartz, 1987); and later on 
also native vs. non-native speakers of the test language (Ercikan, et al., 2010; 
Ercikan et al., 2004), and students with disabilities (Johnstone, Bottsford-Miller 
& Thompson, 2006). For example, Ercikan and her colleagues used think-alouds 
to investigate to what extent surface characteristics of items that are identified 
by expert reviews as sources of DIF are supported by empirical evidence from 
examinee thinking processes in the English and French versions of a Canadian 
national assessment. In this research, the think-aloud protocols confirmed sources 
of DIF identified by expert reviews for only part of the items (10 out of 20). As 
the authors argue, the moderate agreement between think-aloud protocols and 
expert reviews indicates that evidence from expert reviews cannot be considered 
sufficient in deciding whether DIF items are biased and such judgments need to 
include evidence from examinee thinking processes. Results of such studies can 
have useful implication also in determining accommodations needed for foreign 
language examinees (we elaborate on this topic in the following section). 

Cognitive labs have been also used to verify or critic “alignment” between 
test specifications and test functioning post-test administration (e.g., Ferrara et al., 
2003; 2004; Leighton & Gokiert, 2005), or to examine unexplainable results in 
item analysis (e.g., Katz, Bennett & Berger, 2000). Methods of test development 
often include test specifications, articulating the construct to be measured in terms 
of the content domain. However, item format (e.g., multiple choice vs. open 
ended) or items’ features (e.g., specific wording, figures) may introduce construct 
irrelevant variance, and threaten the validity of the tests. Several studies applied 
the cognitive lab approach to examine sources of construct irrelevant factors, 
post item piloting, illustrating the actual responses for item features and formats 
compared to the anticipated responses. Since this use involves the characterization 
of cognitive processes, the most suitable technique among the various options is the 
uninterrupted think-aloud verbal protocols, often accompanied with retrospective 
probing for complementary information. These applications were more commonly 
found for large-scale assessment program. For example, Ferrara and his colleagues 
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(2003; 2004) investigated the “alignment” between intended and actual cognitive 
demand of items for a state-wide standardized science assessment, reporting 
detected misalignment (in 2 items out of 20), and partially misalignment (in 11 out 
of 20); identifying sources of discrepancies in seemingly simple words and phrase 
choices that, as the author concluded, not only disrupt how students understood the 
nature of the task, but also derail students’ cognitive processing, not anticipated by 
the item developers. Leighton and Gokiert (2005) conducted a similar study and 
reported misalignment between student interpretation and item developer intention 
in released items from the School Achievement Indicators Program (SAIP) Science 
Assessment (a national standardized large-scale science assessment administered 
in Canada). Katz, Bennett & Berger (2000) used the think-aloud methodology to 
examine validity of disclosed forms of the SAT-Math section, pertaining to different 
item format: constructed response (CR) vs. multiple choice (MC) test items. The 
motivation for the study arose from discrepancies in difficulty levels that were 
found for parallel items of different format. Katz and his colleagues hypothesized 
that the different item formats may have elicited different strategies, and for that 
reason they utilized the think aloud technique to characterize the strategy used for 
solving parallel items of different format. The data derived from analysis of the 
protocols refuted the hypothesis but provided insights that “instead of solution 
strategies mediating the effects of format on difficulty, the results suggest that 
comprehension factors mediate the effects of format on both strategy choice and 
difficulty” (p. 53, emphasis is added). That is, here too, analysis of the verbal data 
enable to identify construct irrelevant factors that pose a threat to the validity of 
the items, otherwise meant to be parallel. In sum, applying cognitive labs, often in 
the form of uninterrupted think aloud, can serve as a complementary method for 
psychometric item analysis, to test specific hypotheses about DIF or unexplainable 
results, or to verify or critic alignment. 

Applying Cognitive Labs to Address Fairness and Equity Issues 

Addressing the concern regarding the fairness and equity of tests among various 
groups, researchers and test developers over the last decade have become 
increasingly engaged in efforts to improve the accessibility of assessment to all 
students (Laitusis & Cook, 2007) and incorporating ideas of Universal Design (UD) 
to maximize accessibility as built-in in the assessment development (Thompson, 
Johnstone, & Thurlow, 2002). In ensuring UD, assessment developers need to 
verify that items function the same way for different groups of students, that is, 
that the items measure the same construct for students from different groups, and 
most importantly, that UD considerations need to be included at the initial process 
of developing an assessment, and not as post hoc accommodations. UD refers to 
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the concern in assessment development to maximize accessibility, fairness and 
validity of the assessment for all students (hence Universal), pertaining to students 
from various groups such as English language learners (ELL) and students with 
disabilities (learning or physical disabilities), and which is also built-in in the 
assessment design (hence Design) as opposed to providing accommodations 
retroactively in administration (Dolan & Hall, 2001; Thompson, Johnstone & 
Thurlow, 2002). In the domain of ensuring UD and accessibility to all students, 
several studies have already adopted or recommended the use of cognitive lab 
methods (e.g., Almond et al., 2009; 2010; Dolan et al., 2007; Haertel et al., 2012; 
Johnstone, Bottsford-Miller & Thompson, 2006; Johnstone, Liu, Altman, & 
Thurlow, 2007; Johnstone, Thompson, Miller & Thurlow, 2008; Thurlow, Laitusis, 
Dillon, Cook, Moen, Abedi, & O’Brien, 2009). 

The research concerned with ELL was driven by the need to better understand 
the factors that play a role in low-performing ELL students on assessment tasks 
that intend to measure non-language skills, like mathematics, science etc. Studies 
that used think-aloud technique with ELL students (e.g. Abedi & Lord, 2001; 
Martiniello, 2008; Sato, Rabinowitz, Gallagher, & Huang, 2010; Shaftel, Belton-
Kocher, Glassnap, & Poggio, 2006) indeed could identify specific sources of 
difficulties, such as struggle with specific categories of vocabulary (e.g., multiple 
meaning words, slang/conversation words), and also words that are often learned 
in an English-speaking home but are not familiar to non-English speaking home, 
such as weed, chores, etc. (Martiniello, 2008; Shaftel et al., 2006). Another source 
of difficulty that was evident in the verbal data was certain grammar difficulties, 
like prepositional clauses, using cognates, etc. (Martiniello, 2008). Abedi and 
Lord, (2001) observed that when students read test items aloud, they paused on 
unfamiliar words, or rephrased passive sentences to active ones. These identified 
strategies were obtained from the analysis of the verbal protocols and they are 
beneficial in suggesting ways to modify items for universal design purposes at 
the stage of item development. Similar findings were reported by Johnstone et 
al. (2006), emphasizing how the information from the verbal protocols was later 
useful in the refinement of the items to enhance their accessibility. 

Johnstone and his colleagues (2006) used the think-aloud method with 
a variety of students with learning disabilities, hearing impairments, and cognitive 
disabilities, and also English language learners, and students without disabilities 
who were proficient in English. The authors concluded that the think-aloud 
method appeared to be effective for all populations, with the exception of students 
with cognitive disabilities. This finding and others (Almond et al., 2009) suggest 
that using the strict think aloud technique with some populations is not feasible. 
Almond and his colleagues provide a general recommendation towards the use 
of Cognitive Interview (CI), or other probing-centered technique that are more 
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structured and thus lead a less free-flow session to better address the needs of 
those students. Johnstone at al. (2006) suggest in some cases to use the Role-
Play Protocol method (van Someren et al., 1994). The Role-Play method includes 
asking students to act like a teacher and instruct the researcher in how to solve 
a problem. This style is more interactive than traditional think aloud protocols, and 
may be a better method of gathering information from this population. 

In fact, Almond et al. (2009) in a white paper regarding the applications of UD 
standards, proposes a multi-step design, in which CI can be used in various ways. 
In the first exploratory phase, even before items are developed, CI can be used 
to generate general hypotheses about the needs of special groups, for example 
regarding the effects of graphics, different formats or layouts, etc. Once items are 
developed, CI can be used to confirm/refute hypotheses, and to obtain information 
regarding the degree to which items are performing as intended. Once the test is 
operationally administered, CI can provide information to help the interpretation 
of the test results, specifically understanding item difficulty, item discrimination 
index and possible bias issues (for more details, see Almond et al., 2009). 

The use of technology in assessment allows for inclusion of students 
from various groups thanks to the flexibility of interfaces and the enhanced 
opportunities to demonstrate relevant knowledge skills and ability (Almond et al., 
2009; Thompson, Johnstone, & Thurlow, 2002). The three principles of UD that 
entail multiple means of representation, multiple means of action and expression, 
and multiple means of engagement (Rose & Meyer, 2002; as cited in Haertel et 
al., 2012), are more easily addressed by computer-based assessment. However, 
computer-based assessment can introduce unique accessibility issues including 
student familiarity with computers and the manipulation required to respond to 
items. In sum, cognitive labs, and particularly the more flexible interview approach 
can be used in UD studies primarily to identify construct irrelevant factors, and 
to refine items accordingly so that they are accessible to all in the sense that are 
measuring the same construct for all students from all groups. 

dIsCussIoN 

Studies in educational measurement research already utilized cognitive lab 
techniques for different purposes. We identify two primary purposes, one that 
aims at capturing thought processes –  focusing on the person’s (examinee) point 
of view as the substantive aspect of construct validity, and the other that aims at 
examining item/test functioning –  focusing on the assessment development point 
of view, in the purpose of identifying construct irrelevant factors. Although these 
goals are not separate, our claim is that it is important to make this distinction in 
order to make the best use of the specific cognitive lab technique. 
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Cognitive labs can be used for capturing thought processes as well as identifying 
knowledge representations, comprehension difficulties, or usability issues, and 
assessment developers are often interested in both. Capturing thought processes 
can be more appropriately achieved using strict concurrent think aloud with or 
without retrospective probing such that the elicited cognitive processes are the least 
interrupted. By using any of the probing-centered techniques, in which the person 
is interrupted with questions while working on the task, the path taken to complete 
the task may change as a result of the interruption, and thus information about 
thought processes cannot be reliably obtained. If the purpose of the assessment 
developers is NOT to capture the thought process per se, but rather verify that 
examinees understand the items as intended, or are able to navigate through the 
computer software presenting the items, then probing-centered techniques may 
yield better information than unobtrusive think aloud. Although concurrent think 
aloud may help identify also usability or comprehension issues, the literature 
indicates that it is more effective to use probing technique for that purpose. 

Consequently, it is important to specify the main purpose of the study in order 
to choose the technique most appropriate for that purpose. Often times researchers 
and assessment developers are interested in both these purposes on the same time, 
that is, early in the development process of new items developers are equally 
interested to verify that the items indeed elicit the cognitive processes they are 
intended to measure, but simultaneously they wish to detect any comprehension 
problems or usability issues involved with the items. However, these two purposes 
cannot be achieved at the same time, using the same cognitive lab, and this 
temptation should be avoided. In using a concurrent think aloud one may track the 
cognitive process, but not necessarily identify usability issues, while in conducting 
a cognitive interview with deliberate probes to identify usability issue, the process is 
interrupted and so information about elicited thought processes cannot be obtained, 
and even if seemingly obtained may be misleading. It is important to be aware of 
this distinction, and to determine which of these purposes the focus of the cognitive 
lab is in order to obtain reliable and valid data. This distinction is profoundly 
illustrated by the well-known distinction in the measurement community. i.e., the 
one between construct validity and construct irrelevant variance. 

Capturing cognitive processes elicited by items falls into the category of construct 
validation purposes, where the focus of the investigation is on the person. That is, 
the focus is whether the item serves as the right stimuli to elicit what it is intended 
to measure. This is the more basic purpose that an item developer should worry 
about. Intertwined with it is the question whether there are certain properties of the 
item that elicit construct-irrelevant factors, thus adding irrelevant variance to the 
measure. The focus in examining construct-irrelevant factors is on the functioning 
of the item. Although linked, these two questions are fundamentally different. 



Ask. Vol. 32 (1, 2023) 26 

Logically, only after one verifies that the item possesses construct validity (i.e. 
measures the construct it was meant to measure), then it is appropriate to question 
whether additional irrelevant factors are measured unintentionally. 

Specifying the focus of the study, whether it is the person thought processes, or 
the item functioning, is actually an explicit way to distinguish between construct 
validation purpose and construct irrelevance purpose, and this distinction can be 
of much help in choosing the right cognitive lab technique to use, think-aloud 
for the former whereas other adaptations for the latter. We illustrate this with 
an example. When translating items from one language to another, the program 
should be interested in verifying that construct irrelevant factor were not added in 
the process of translating the item. It makes sense that the translated item should 
not go through a construct validation process, as presumably this was already 
achieved at earlier stages of developing the item in the original language. The 
same holds for adaptation of items for specific groups, like English Language 
Learners or students with disabilities. 

We illustrated in this paper different applications of cognitive labs in four 
contexts that follow somewhat a logical procedure of test development: the stage of 
construct definition and item development, the stage of scoring rubric development, 
the stage of post piloting items, and in the context of ensuring fairness and equity 
of tests. At each context and depending on the research questions, we discussed 
the appropriate technique, with examples from studies that actually applied it in 
this way. Although cognitive labs may have been treated with suspicious among 
educational measurement researchers in the past, nevertheless a large body of 
work accrued to prove the usefulness and benefits of these rich-data techniques. 
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