
 



K. Anders Ericsson 

Valid and Non-Reactive 

Verbalization of Thoughts 

During Performance of Tasks 

Towards a Solution to the Central Problems of 
Introspection as a Source of Scientific Data 

Abstract: Recent proposals for a return to introspective methods make it neces-
sary to review the central problems that led psychologists to abandon those meth-
ods as sources of scientific data in the early twentieth century. These problems and 
other related challenges to verbal reports collected during the cognitive revolution 
during the 1960s and 1970s were discussed in Ericsson and Simon s (1980; 1993) 
proposal for a theoretically motivated procedure to elicit valid and non- reactive 
concurrent verbalization of thoughts while subjects were performing tasks. The 
same proposal explains why other verbal reports, such as introspections, detailed 
descriptions or explanations, require additional cognitive activity that often leads 
to reactivity and invalid reports. Finally, a new proposal is sketched for how the 
generation of introspective reports might be incorporated within a framework for 
non-reactive and valid verbalization of thoughts. 

The contributions to this special issue demonstrate rapidly growing interest in 
introspective methods for studying experience and cognitive phenomena. As 
long as the procedures for collecting evidence are consistent with existing cogni-
tive theories, scrutiny of them is often limited. The real test of the validity of the 
data-collection procedures comes when the uncovered findings are in conflict 
with prevailing theories and investigators with opposing views attempt to repli-
cate each other's findings. This paper argues that it is necessary to understand the 
fierce controversies over introspective evidence in order to allow the develop-
ment of improved methods that will meet the standards for reproducible scien-
tific data. 
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During the early twentieth century introspective data on 'imageless thought' 
was presented by Karl Buhler (1907) to refute the dominant theory of Wilhelm 
Wundt, one of the founders of laboratory research in psychology. During the sub-
sequent fierce argument, introspective data failed to provide reproducible objec-
tive evidence that could resolve the argument. Following this and other related 
failures, the introspective method with its trust in observers' ability to analyse 
and report their conscious experience was impeached by John Watson (1913), 
who proposed a new methodological approach based on observable behaviour 
and performance. The criticism of introspective methods led eventually in labo-
ratory psychology to the rejection of virtually all reports of thinking for several 
decades. 

During the cognitive revolution in the 1950s and 1960s alternative types of 
verbal reports of thinking were used to gather information about cognitive struc-
tures and processes. Investigators soon discovered that some types of verbal 
reports were reactive, that is the performance of participants giving the reports 
differed from that of silent control subjects (Gagne and Smith, 1962). Other 
types of reports were directly inconsistent with the observed behaviour. In sev-
eral reviews Herb Simon and I (Ericsson and Simon, 1980, 1993, 1998; Ericsson, 
2002) showed that the detailed instructions and the methods to induce partici-
pants to give verbal reports influenced the validity and reactivity of collected 
verbal-report evidence. Most important, we proposed a new model for coordinat-
ing the processes responsible for generating 'think-aloud' reports on thinking 
with the ongoing task-directed processes to produce valid and non-reactive verbal 
reports. The same model explained how more complex verbalization processes 
induced changes in cognitive processes and led to reactive and invalid reports. 

The Ericsson-Simon (1993) Model of Verbalization of Thinking has been 
accepted as a useful foundation for discussing introspection (see the entry on 
'Psychology of Introspection' in the Routledge Encyclopedia of Philosophy by 
Von Eckardt (1998). This framework for collecting verbal reports on cognitive 
constructs, such as memory and rules, has even met the standards of evidence for 
behaviourists (Austin and Delaney, 1998). As a further recognition of its validity, 
protocol analysis now plays a central role in applied settings, such as in the 
design of surveys and interviews (Sudman, Bradburn and Schwarz, 1996) and 
user testing of computer tools and applications (Henderson et al, 1995). It is fair 
to say that there has been a dramatic advance in the development of rigorous 
methods for collecting evidence on mediating cognitive processes and structures. 
At the same time, some investigators (Jack and Shallice, 2001) have viewed the 
Ericsson-Simon model as too constraining to study consciousness. Jack and 
Roepstorff (2002) propose a revision of the type of introspective methods 
embraced by pioneers such as William James (1890, p. 185), who recommended 
that we should 'first and foremost and always' be 'looking into our minds'. 

I will argue here that a reintroduction of introspective methods must be based 
on a deep understanding of the past controversies over introspective reports. 
Now, a century later, we have a better understanding of some fundamental issues 
with evidence collected using the introspective method. In a brief historical 
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overview I will describe how philosophers and pioneering psychologists 
discovered the problems associated with trusting observers' reports from their 
analysis of complex and dynamic mental states. I will also describe how they 
changed their research methods to avoid these problems and designed tasks to 
elicit reproducible performance. In the main section of this paper, I will describe 
how Herb Simon and I tackled the problems of verbal reports of thinking, 
specifically how we proposed theoretical accounts of the act of verbalizing 
thoughts with minimal interference and how we designed reporting procedures 
that yielded non-reactive overt expression of task-directed thinking. I will then 
review evidence on validity where this type of verbalization of thoughts is 
shown to be consistent with task analyses of how the task can be performed, with 
other types of process data, such as latencies and eye-fixations, and with 
experimental tests of proposed cognitive mechanisms. Herb Simon's and my 
goal was to design a highly constrained measurement situation where trust is 
not an issue. In performing these tasks not even devious participants would be 
able to produce verbalizations of thoughts that are inconsistent with their task-
directed processes that mediate performance. At least, they would not be able to 
do so without violating our checks for validity. 

Turning to my central argument about introspection I will show that verbal-
report methods that attempt to collect more detailed observations on the mental 
states than can be unobtrusively verbalized are associated with reactive effects 
on performance. In my conclusions I will argue that such reporting methods can 
integrated into Herb Simon's and my theoretical framework by proposing 
detailed accounts of the additional cognitive processes that mediate the supple-
mentary observations. Finally, I will propose how phenomena discovered by 
introspective methods can be captured through the design of new tasks that 
explicitly target those phenomena and where mediating processes can be studied 
with valid and non-reactive reports of task-directed thinking. 

Varieties of Introspection and the Central Problems Encountered at the 
Beginning of the Twentieth Century 

The controversy over 'imageless thought' should be seen as a culmination of 
efforts to refine introspective methods for studying thinking. The method of 
introspection changed from an informal method to study one's own experiences 
in the seventeenth and eighteenth centuries to a scientific method applied to spe-
cific mental phenomena in the laboratory in the late nineteenth century. To con-
vey my view of the central problems of the introspective method, I will first 
describe my understanding of its historical development, its demise and its sub-
sequent transformation into alternative types of verbal reports. 

Historic sketch of the development of introspection 
The observation of one's own spontaneous thinking by 'looking within' has a 
long history that can be traced back at least to the Greeks. Aristotle is generally 
given credit for the first systematic attempt to record and analyse the structure of 
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thinking. He focused particularly on recalling a specific piece of information from memory. On one 
occasion he even reported on a specific sequence of thoughts corresponding to the recall of 'autumn': 
'from milk, to white, from white to air, and this to fluid, from which one remembers autumn, the season 
one is seeking' (Aristotle translated by Sorabji, 1972, p. 56). More generally, Aristotle argued that 
thinking corresponds to a sequence of thoughts (see the boxes in Figure 1), where the brief transition 
periods between consecutive thoughts (see the arrows in Figure 1) do not contain any reportable 
information. Hence the processes that determined how one thought triggered the next thought could not 
be directly observed, but had to be inferred by retrospective reflection of the relations between 
consecutive thoughts. By examining his memory of which thoughts tended to follow one another, 
Aristotle inferred that previously experienced associations were the primary determining factor. 

 

 
 
 

Aristotle's account of thinking as a reportable sequence of thoughts has never been seriously challenged. 
This account also by implication recognizes limits for information that can be gained directly by 
introspection on thinking. However, philosophers in the seventeenth, eighteenth and nineteenth centuries 
(Ericsson and Crutcher, 1991) raised deeper questions about the nature of thoughts that could not be 
answered by such a simple description of thinking. For example, could all thoughts be described as 
mixtures of sensory images derived from past experiences? In order to evaluate these claims empirically, 
philosophers would typically relax and daydream, allowing their thoughts to wander. Once a thought 
emerged, it would be inspected carefully and studied to assess its sensory modality and components. The 
British philosopher David Hume even argued that these thoughts were as detailed as original perceptions 
(e.g. we cannot imagine a printed page of text without imaging every letter on the page at the same time) 
(James, 1884). 

Towards the end of the nineteenth century, some philosophers proposed 'self experiments' to assess the 
accuracy and validity of such memory images. For example, Hamilton (1859) proposed that one could 
throw a number of pebbles behind one's back and then rapidly turn around and take apeek before 
closing 
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one's eyes. When a memory image of such a glance was compared to the actual 
perceptual scene by opening one's eyes again, it was clear that the memory 
image contained accurate information about only a small number of specific peb-
bles. More generally, it was becoming clear that thoughts and mental images dif-
fered fundamentally from the perceptions and sensations corresponding to 
external objects. 

External objects can be inspected and details about them can be noticed with-
out changing their content and structure. In contrast, when thoughts and images 
are inspected the associated mental image also changes. For example, when one 
generates a visual image of rose and then focuses on one of its components, such 
as the petals, other aspects of the image of the rose are reported to change as well. 
The most influential laboratory psychologists of the late nineteenth century, 
Wilhelm Wundt (1897), argued that introspective analysis of experience was pos-
sible only when simple physical stimuli, such as points of light and brief sounds, 
were presented repeatedly to observers under controlled conditions. In fact, he 
argued forcefully that introspective analysis of complex thoughts as they emerge 
during spontaneous thinking was not possible, because such analysis would 
change the corresponding mental states and thus disrupt the course of thinking. 

Around the beginning of the twentieth century investigators at the University 
of Wiirzburg generated considerable controversy with their attempts to study 
spontaneous thinking with introspective methods. Trained introspective observ-
ers were invited to their laboratory and asked prepared questions, such as 'Do 
you understand the following proverb, "We depreciate everything that can be 
explained"?' (Buhler, 1907). The observers were asked to give their answers to 
the questions as quickly as possible and then after each answered question they 
gave detailed retrospective reports about their thoughts that mediated the 
question-answering process. The retrospective reports were extensive and 
detailed. Most reported thoughts consisted of visual and auditory images, but 
some observers claimed to have experienced thoughts without any correspond-
ing imagery (imageless thoughts). 

The proposed existence of imageless thoughts had far-reaching theoretical 
implications for Wundt's theory that all 'experience' corresponds to neural activ-
ity. The original paper by Karl Buhler (1907) led to a heated exchange between 
him and Wilhelm Wundt (1907) who argued that these reports were artifacts of 
the reporting methods and the poor training of the observers. Ultimately, the 
most devastating aspect of this controversy was that it revealed that the issue of 
imageless thoughts could not be resolved empirically, which in turn impeached 
introspection as a scientific method by which to study thinking. 

The central problems of introspective analysis of thoughts 
The central problem of introspection was not so much 'looking within', but 
rather the problem of inducing the same mental states in many observers where 
the states were sufficiently stable to allow consistent judgments across observ-
ers. In fact, the introspective analysis of sensory stimuli in psychophysical 
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studies of perception was never rejected by John Watson (1913), and this work 
continued uninterrupted for the whole twentieth century. In psychophysical stud-
ies experimenters could repeatedly present each of a collection of simple sensory 
stimuli, and the ability to discriminate these stimuli could be evaluated objec-
tively. But no comparable method was available to reproduce the same thought 
or complex mental state for many different participants. Therefore, it was neces-
sary to trust the observers' reports of their idiosyncratic thoughts, because it was 
not possible to assess the observers' thoughts or mental states independently in 
order to allow objective verification of the accuracy of their reports. 

(a) From trust to reproducible performance. At the beginning of the twenti-
eth century researchers were naive about problems of trust. For example, in stud-
ies of memory the participants were presented with stimuli and later the same 
stimuli were presented to assess memory and provide introspective reports. The 
subjects performing the introspections knew that the same stimuli were shown 
both at presentation and at the recognition test, so one would have to trust their 
reports that they remembered the stimuli. New procedures for objective tests of 
memory were later developed; the participants were given recognition tests 
where they had to identify the presented stimuli among a mixture of old and 
not-previously-seen stimuli. This measurement procedure relieved the need to 
trust the participants' reports of memory, because highly accurate recognition 
(reliably higher than guessing) provides proof that the participants remembered 
the presented stimuli. Even more compelling is the case when a participant could 
recall most of the presented stimuli. The probability is small that a participant 
can correctly guess which word was presented from items sampled from a pool of 
several thousand words. 

Subsequent research relied on these objective tests of memory to evaluate the 
validity of introspective judgments of participants. For example, a large body of 
research has attempted to relate the level of accurate recall of a presented picture 
to the reported vividness of the memory (McKelvie, 1995; Richardson, 1988). To 
everyone's surprise, no clear relation between the amount of accurately recalled 
information and reported vividness has been found. Participants who reported 
recalling a presented stimulus as vividly and clearly as if it remained visible did 
not recall more accurate information than those who reported diffuse memory 
images. These and other puzzling findings, such as the reported persistence of 
visual eidetic images (Haber, 1979), confirmed the opinions of many experimen-
tal psychologists that introspective judgments about experience were frequently 
misleading and inconsistent with measures of performance. 

More generally, experimental psychologists developed standardized tests with 
stimuli and instructions where the same pattern of performance could be replicated 
in the same laboratory as well as different ones. Furthermore, psychologists 
redirected their research away from complex mental processes, such as thinking, 
and towards processes that were unaffected by prior experience and knowledge. 
For example, subjects were given well-defined simple tasks, such as memoriza-
tion of lists of nonsense syllables, e.g. XOK, ZUT. In these tasks it is easy to mea-
sure objective performance and thus there is no need to trust participants' 
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honesty or their willingness to cooperate. In addition, the formation of simple 
basic associations in memory led experimenters to predict no cognitive media-
tion and thus no reports of mediating thoughts, and the issue of trusting subjects' 
verbal reports appeared to become essentially irrelevant. 

(b) Studying complex thought with non-introspective verbal reports. The 
interest in studying complex processes of thinking did not completely stop. Inter-
estingly, the first investigator to come up with a new method for studying think-
ing was John Watson (1920). He instructed a friend to solve a problem and asked 
him to 'think aloud' while working on it. According to Watson, thinking was 
accompanied by covert neural activity of the speech apparatus that is 'inner 
speech'. Hence thinking aloud did not require observations by any hypothetical 
introspective capacity, and thus all that was necessary to think aloud was merely 
to give overt expression to these subvocal verbalizations. Many other investiga-
tors proposed similar types of instructions to give concurrent verbal expression 
of one's thoughts (see Ericsson and Simon, 1993, for a brief historical review). 

Renewed Interest in Verbal Reports of Thinking During the 
Cognitive Revolution 

The cognitive revolution in the 1950s and 1960s brought renewed interest in 
higher-level cognitive processes. Investigators started to explore how problem 
solving, concept formation and decision making could be explained by mediat-
ing thought processes. Cognitive theories were proposed in which strategies, 
concepts and rules were central to the account of human learning and problem 
solving (Miller, Galanter and Pribram, 1960). Information-processing theories 
(Newell and Simon, 1972) sought computational models that could regenerate 
human performance on well-defined tasks by the application of explicit proce-
dures. Much of the evidence for these complex mechanisms was derived from 
self-observation, informal interviews and systematic questioning of participants. 
Almost immediately some investigators raised concerns about the validity of 
these data (Ericsson and Simon, 1993). For example, Robert Gagne and his col-
leagues (Gagne and Smith, 1962) demonstrated that requiring participants to ver-
balize reasons for each move in the Tower of Hanoi reduced the number of moves 
in the solutions and improved transfer to more difficult problems when compared 
to a silent control condition. Other investigators criticized the validity and accu-
racy of the retrospective verbal reports. For example, Nisbett and Wilson (1977) 
showed that participants frequently gave explanations that were inconsistent 
with their observed behaviour. Consequently, it might appear at first glance that 
all of these types of verbal reporting would have to be rejected on the same 
grounds that led to the rejection of introspection. Herb Simon and I (Ericsson and 
Simon, 1980; 1993), however, were able to show that the methodology had 
advanced and that it was possible to identify conditions where participants are 
able to produce consistently valid non-reactive reports of their thinking. 
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Towards Valid and Non-Reactive Verbal Reports of Thinking 

The most significant advances since the earlier controversy over 'imageless 
thought' concerned the methodology for inducing thinking by presenting well-
defined tasks as well as the formal theoretical analysis of possible mediating pro-
cesses (task analysis). 

Task analysis 
The introspectionists in Wurzburg presented their observers with tasks to induce 
spontaneous thinking. Their tasks, such as whether the observers had understood 
a presented proverb, didn't even have a correct answer. A devious participant 
could conceivably decide to answer 'yes' or 'no' even before he heard the prov-
erb, and the experimenter would not be able to tell. Consequently, cognitive 
researchers developed collections of tasks that would induce some specific men-
tal activity and where participants could emit consistently accurate responses 
only after seeing the stimulus and after some cognitive processing. For example, 
it would be impossible to guess the correct answers before seeing a maths prob-
lem, such as '258 + 893 = ?' or '24 x 36 = ?'. 

Completing a series of tasks correctly requires relevant knowledge. In fact it is 
possible for the investigator to identify various procedures that people could pos-
sibly use, in light of their prior knowledge and skills, to generate correct answers. 
This type of analysis (task analysis) provides a set of possible thought sequences 
for the successful performance of a task, where the application of each alterna-
tive procedure is associated with a different sequence of thoughts (intermediate 
steps). Let me illustrate how this general type of analysis can be applied to the 
mentally demanding task of multiplying two 2-digit numbers 'in one's head'. 
Typically, many adults have acquired basic mathematical knowledge: they know 
their multiplication table and only the standard 'pencil and paper' procedure 
taught in school for solving multiplication problems. Accordingly, one can pre-
dict that most adults will solve a problem such as 36 x 24 'in their head' by first 
calculating 4x3 6 then adding 20 x 36. But this specific problem can be solved 
using alternative methods that are more efficient for adults who know some of 
the squares of 2-digit numbers. People with more advanced knowledge of 
mathematics may recognize that 24 x 36 is equivalent to (30 - 6) x (30 + 6) and 
use the formula (a + b) x (a - b) = a2 - b2, thus calculating 36 x 24 as 
302 - 62 = 900 - 36 = 864. Other subjects may recognize other shortcuts, such as 
36 x 24 = (3 x 12) x (2 x 12) = 6 x 122 = 6 x 144 = 864. 

Observations on processes that mediate successful task performance 

Whereas introspection requires additional observation and analysis by the 
participant, cognitive researchers obtain information on concurrent processes by 
simply observing the participants completing the task. Although a covert sequence 
of thoughts generated during the performance of a task (illustrated in the centre of 
Figure 2) is never directly observable, it is associated with several types of 
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observable indicators. At the top of Figure 2, the total time required by subj ects to generate their answer 
(response latency) can be viewed as the sum of the component times for generation of each thought, 
such as intermediate products and results, when the corresponding thought processes are not 
overlapping. From the task analysis it is often possible to infer the number of intermediate steps that 
would be required for solving different problems with alternative methods. From an analysis of average 
latencies across a set of different problems it will be possible to determine which procedures can best 
account for the subjects' observed latency pattern. In addition, most tasks are presented to subjects 
visually and it is necessary for subjects to direct their visual gaze sequentially to process the essential 
presented information, while an eye-tracking device can register their sequences of eye-fixations. 
Given that different hypothesized procedures typically predict different sequences of fixating displayed 
information, it is possible to identify the procedure that shows the highest agreement with the 
observed eye-fixations. 

Other types of observations on thought processes can be collected by instructing participants to 
provide observable evidence on their thought processes. First, the subjects can be instructed to 
verbalize their thinking concurrently with performing the task (see Figure 2). Alternatively, the subjects 
can be asked to give a retrospective report of their thought sequence immediately after the completion 
of the task. Finally, the subject can give a general description of her strategies (post-session reports) 
once she has completed numerous tasks during the testing session. All of these types of verbal reports 
share the problem of introspection however, their generation can be explained only by proposing 
some additional 
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cognitive activity because participants do not spontaneously generate these 
reports when they perform tasks. 

Models of the generation of verbal reports 
On the basis of their theoretical analysis, Ericsson and Simon (1993) argued that 
the closest connection between thinking and verbal reports is found when sub-
jects verbalize thoughts generated during task completion (see Figure 2). When 
subjects are asked to think aloud, some of their verbalizations correspond to 
merely vocalizing 'inner speech', which would otherwise have remained inaud-
ible. Non-verbal thoughts can also be given verbal expression by brief expres-
sions, labels and referents. For example, when one subject was asked to think 
aloud while mentally multiplying 36 x 24 on two test occasions one week apart 
the following protocols were obtained: 

1. OK, 36 times 24, um, 4 times 6 is 24, 4, carry the 2, 4 times 3 is 12, 14, 144, 
0, 
2 times 6 is 12, 2, carry the 1, 2 times 3 is 6, 7, 720, 720, 144 plus 720, so it 
would be 4, 6, 864. 

2. 36 times 24, 4, carry the — no wait, 4, carry the 2, 14, 144, 0, 36 times 2 is, 
12, 6, 72, 720 plus 144, 4, uh, uh, 6, 8, uh, 864. 

In these two examples, the reported thoughts are not introspectively analysed 
into their perceptual or imagery components, but merely verbally expressed and 
referenced, such as 'carry the 1', '36' and '144 plus 720'. Similarly, subjects are 
not asked to describe or explain how they solve these problems. Instead, they are 
instructed to remain focused on solving the problem and merely to give verbal 
expression to those thoughts that emerge in attention while generating the solu-
tion under normal (silent) conditions. 

If the act of verbalizing subjects' thought processes doesn't change the 
sequence of thoughts while completing well-defined tasks, then subjects' task 
performance should not change as a result of thinking aloud. In a comprehensive 
review of more than forty studies, Ericsson and Simon (1993) found no evidence 
that merely giving concurrent verbal expression to one's thoughts (cf Ericsson 
and Simon's procedure for inducing 'think aloud') altered accuracy of perfor-
mance compared to that of subjects who completed the same tasks silently under 
otherwise similar conditions. But some studies showed that participants would 
take somewhat longer to complete the tasks while thinking aloud — presumably 
because of the additional time required for completing the overt vocalization of 
the verbal expression of the thoughts. 

The same theoretical framework can also explain how other types of concur-
rent verbal report procedures would change cognitive processes. For example, 
when subjects are instructed to explain or carefully describe their thoughts, in 
contrast to merely verbalizing each thought as it emerges, they are not able to 
remain completely focused on the task. To be able to verbalize the required 
explanations and descriptions the participants need to change their thought pro-
cesses to generate the corresponding thoughts, as is illustrated in Figure 3. This 
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additional cognitive activity must necessarily change the sequence of mediating thoughts. Therefore when 
participants resume their task-directed processes after the explanation, the sequence of thoughts will differ 
and thus lead to changes in the accuracy of performance. Our reviews (Ericsson and Simon, 1993, 1998; 
Ericsson, 2002) have found that instructions to explain one's thinking or to give extended detailed 
descriptions of presented stimuli (cf. 'verbal overshadowing' reviewed by Schooler, Fiore and 
Brandimonte, 1997) are associated with reliable changes in memory and task performance. 

In sum, after brief instruction and familiarization in giving verbal reports, subjects can think aloud 
without any systematic changes to the sequential structure of their thought processes (see Ericsson and 
Simon 1993, for detailed instructions and associated warm-up tasks recommended for laboratory 
research). The fact that subjects must already possess the necessary skills for efficient verbalization of 
thoughts is consistent with the extensive evidence on the acquisition of self-regulatory private speech 
during childhood (Diaz and Berk, 1992) and on the spontaneous vocalization of inner speech by adults, 
especially in noisy environments (Ericsson and Simon, 1993). 
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Reproducibility of cognitive phenomena, performance and associated 
process data 
In sharp contrast to the tasks used in traditional research on introspection, 
cognitive psychologists carefully design well-structured experimental tasks 
where the successful generation of accurate responses is mediated by the cogni-
tive activity under investigation. For example, it is possible to design tasks that 
predictably induce one or more of the conscious processes (Type-C processes, 
such as noticing, planning and monitoring) that Jack and Shallice (2001) propose 
mediate introspective judgments. 

The research methodology attempts to push participants to reach their best 
consistent performance for the collection of tasks by providing opportunities for 
'warm-up' and familiarization with the task before collecting the experimental 
data on performance (Ericsson and Oliver, 1988). Under these constrained per-
formance conditions it should not even be possible for individuals to exhibit a 
performance that would be superior to the one observed. Similarly it should 
not be possible for devious participants to 'fake' the observations on the pro-
cesses mediating their task performance, that is to intentionally produce eye-
movements or verbal reports consistent with one method while proficiently gen-
erating the answer to the tasks with a different method. 

The processes mediating performance are hardly ever perfectly reproduced for 
the same task, even when the same subject is tested (cf. the 'think aloud' proto-
cols above, collected a week apart). Even in the case of thinking aloud, where the 
connection between thoughts and reports is the closest, there is no perfect map-
ping. This lack of one-to-one correspondence is primarily due to the fact that 
thoughts that pass through attention are not always verbalized. Most important, 
verbal reports do not differ in kind from other observations of processes, such as 
latencies and eye movements, and verbal expression of thoughts is influenced by 
many uncontrollable factors and thus will vary to some degree from trial to trial. 

Validity of concurrent verbal reports and other process data 

When we restrict the analysis to those thoughts that are verbalized, the evidence 
for validity is consistently strong (Ericsson and Simon, 1993). First, when the 
participants complete the task correctly, their verbalized information is in agree-
ment with one of the sequences of thoughts derived from the task analysis, which 
had been completed before the observation of the verbal reports. For example, 
the sample protocols on mental multiplication (reported above) are consistent 
with only one of the methods uncovered in the task analysis — namely the 
'paper-and-pencil' method. Even if the verbalized information had been more 
sparse for a highly skilled subject and only contained '144' and '720', the 
reported information would still have been sufficient to reject each of the alterna-
tive multiplication methods, because neither of those methods involves generat-
ing both of the reported intermediate products. The general finding that a task 
analysis can identify, a priori, the specific intermediate products that are later 
verbalized by subjects during their problem solutions, provides compelling 
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evidence that the concurrent verbalizations reflect the processes that mediate the 
actual generation of the correct answer. 

Second, the verbal reports are only one of several different kinds of observable 
indicators of the same thought process (see Figure 2). Given that each kind of 
empirical indicator can be separately recorded and analysed, it is possible to 
evaluate the agreement of different types of data. Ericsson and Simon (1993) 
found that the solution methods derived from an analysis of the verbal reports 
were consistent with those derived from analyses of response latencies and 
sequences of eye-fixations. 

Third, the hypothesized mechanisms mediating thinking and the observed ver-
balizations can be examined with experimental methods (Ericsson and Simon, 
1993). In particular, the reproducibly superior performance of expert and skilled 
performers offers a unique opportunity for studies of complex cognitive mecha-
nisms using verbal reports. When the sequence of concurrently verbalized 
thoughts during the execution of representative tasks is reproducible for single 
experts, then it is possible to experimentally test the validity of the hypothesized 
cognitive mechanisms by traditional experimental methods. For example, verbal 
reports of people with exceptional memory have then been evaluated experimen-
tally by presenting them with altered memory tasks where their performance has 
been predictably reduced in a decisive manner (Ericsson, 1988; Ericsson and 
Kintsch, 1995; Ericsson, Patel and Kintsch, 2000). 

In sum, think-aloud reports provide the most informative data available on 
thinking during cognitive tasks. Those aspects of verbal reports that can be vali-
dated against other sources suggest a close correspondence between the reports 
and the cognitive processes that produce intermediate results in attention. On the 
other hand, the reports are not infallible; subjects may occasionally make speech 
errors and omit articulation of disambiguating information in their verbalizations 
of thoughts. 

Other Types of Verbal Reports of Thinking and Cognition 

The main goal for Herb Simon and me (Ericsson and Simon, 1980, 1993) was to 
identify the conditions and the verbal-report procedure that would elicit valid 
and verifiable verbalizations of thinking. It is, however, possible to use our 
model for these verbalization processes of thoughts during performance in dis-
cussing other types of verbal reports. 

The type of retrospective verbal report that is most closely related to 'think 
aloud' verbalization involves asking the participants to report their thoughts 
immediately after the completion of a given trial. When the time to generate the 
response is brief ( 1 s  to 5s), it is likely that the participants can recall their 
sequence of thoughts reasonably accurately. Our review (Ericsson and Simon, 
1993) showed that when participants are asked merely to recall their thoughts, 
the reported information is consistent with other observations of the same pro-
cesses, such as latencies. 
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In contrast to this type of retrospective report, most other verbal reports of 
thinking require cognitive activities that go beyond immediate recall sequences 
of already generated thoughts. Ericsson and Simon (1980, 1993) identified two 
additional cognitive activities that contribute to the decreased validity of the ver-
bally reported information. The first arises when the investigators try to obtain 
more information than the subjects' thought sequences can provide. For exam-
ple, some investigators ask subjects why they responded in a certain way. Some-
times the subjects' recalled thoughts may provide sufficient information for an 
answer, but typically the subjects need to go beyond any retrievable memory of 
their processes to give an answer. As subjects can access the end-products of 
their cognitive processes only during perception and memory retrieval, they can-
not report why only one of several logically possible thoughts entered their atten-
tion and thus must speculate to generate answers to such questions. In support of 
this argument Nisbett and Wilson (1977) found that subjects' responses to why-
questions in many circumstances were as inaccurate as those given by other sub-
jects that merely observed and explained another subject's behaviour. Since our 
review in 1993, Schooler, Fiore and Brandimonte (1997) have presented similar 
evidence for invalidity of retrospective reports when participants were instructed 
to give extended detailed descriptions of them (cf. 'verbal overshadowing'). In 
an attempt to replicate these effects, Meissner, Brigham and Kelley (2001) found 
no effect of merely recalling what the subjects could confidently remember (cf. 
the standard retrospective report). They were also able to pinpoint the source of 
invalidity to aspects of verbal-overshadowing instructions where participants 
were encouraged to keep producing verbal descriptions, even if they started to 
feel that they were guessing. In a review of a large number of related studies I 
(Ericsson, 2002) found no effects of merely giving verbal expression to memo-
ries, but consistent effects of attempting to report more than subjects could confi-
dently recall. 

Second, investigators often ask subjects to describe their methods for solving 
problems at the end of the experiment, when they have completed a long series of 
different tasks. If subjects generated and consistently applied a general strategy 
for solving all of the problems, they should be able to respond to such requests 
easily with a single memory retrieval. But subjects typically employ many meth-
ods and shortcuts and even change their strategies during the experiment, 
through learning. Under such circumstances subjects would have great difficulty 
describing a single strategy used consistently throughout the experiment, even in 
the unlikely event that they were motivated and able to recall most of the relevant 
thought sequences. It is therefore not surprising that subjects' descriptions are 
imperfectly related to their averaged performance during the entire experiment. 

Conclusion 

There is compelling evidence that some types of verbal-report procedures lead to 
reactive effects and elicit verbal reports that are inconsistent with the partici-
pants' observed performance (Ericsson and Simon, 1993). It is therefore not 
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reasonable to ask the scientific community to trust verbal reports in general. 
Grouping all types of verbal-report procedures together will bring us back to the 
unproductive controversies of the beginning of the twentieth century and to the 
renewed criticisms of verbal reports during the 1960s and 1970s. To avoid an 
indiscriminate rejection of verbal reports as data, it is essential that we distin-
guish different types of verbal reports. Herb Simon and I (Ericsson and Simon, 
1980, 1993) identified a theoretically motivated procedure to elicit valid and 
non-reactive verbalization of thoughts. We proposed the existence of processes 
that could vocalize and verbalize thoughts passing through attention without dis-
rupting the flow of thinking. Furthermore, we (Ericsson and Simon, 1980, 1993) 
showed in comprehensive reviews of a large number of empirical studies that our 
recommended procedures for thinking aloud and talking aloud provided valid 
verbalizations of thoughts where the generation did not influence the sequence of 
thoughts. In contrast, procedures demanding explanations and detailed descrip-
tions led to reactive effects and thus would provide an inaccurate account of 
thought under typical (silent) task conditions. 

In our book (Ericsson and Simon, 1993) we invited researchers to extend our 
theoretical analysis and methods of validation to other types of verbal-reporting 
procedures. Our recommended procedures for eliciting think aloud and talk aloud 
may well be unduly constraining, as Jack and Shallice (2001) propose. It is entirely 
possible that alternative and more introspective procedures would provide more 
information. The critical question is how the proposed additional introspective 
processes are coordinated with the task-directed processes to yield verbal reports 
of extra information beyond that included in think aloud and immediate retrospec-
tive reports. If the introspective processes are additional to the regular task-
directed processes, wouldn't it be possible, or even likely, that these processes 
might be reactive and alter performance? In this paper I have reviewed empirical 
evidence for how requirements to go beyond the heeded sequences of thoughts, 
such as by generating explanations and extended detailed descriptions, results in 
reactivity and alters performance and memory. It would therefore be important for 
the proponents of new introspective procedures to account for these problems of 
validity and reactivity and describe if and how the new procedures can avoid those 
types of interference. If we follow an orderly approach for extending the repertoire 
of verbal-report procedures it would help us to steadily accumulate a body of valid 
evidence of verbal reports on thinking and, whenever empirically warranted, 
expand the repertoire of useful verbal-report procedures. 

In our book (Ericsson and Simon, 1993), we argued that it is not necessary to 
dismiss reactive verbal report procedures. It is better to view the verbal reports as 
reports for a different task, where the demands for the verbalizations are an inte-
gral part. For example, most educators are very interested in understanding the 
reactive yet typically beneficial effects of instructing students to explain their 
performance. Recent research inducing students to generate self-explanations is 
a very interesting development in that direction (Chi et al, 1994; Renkl, 1997). 
The requirement to generate self-explanations has been shown to have a reliably 
different effect on problem-solving performance than does merely thinking 
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aloud (Neuman and Schwarz, 1998). Similarly, verbal-report instructions requir-
ing explanations influence performance, whereas thinking aloud doesn't alter 
performance compared to a silent control condition (Berardi-Coletta et al., 
1995). For anyone interested in effective education there is no single correct pro-
cedure for inducing verbalizations during problem solving. In fact, a detailed 
analysis of the different verbalizations elicited during 'think aloud' and 'explain' 
instructions should provide investigators with an effective tool to identify those 
induced cognitive processes that are associated with desired changes (improve-
ments) in the subjects' task performance, memory and understanding. 

One could make a similar argument that asking individuals to introspect while 
performing a task is reactive but merely changes the task demands. One needs to 
consider that introspecting while performing the task differs from the traditional 
task in some important ways. In the traditional task the participants are helped to 
find a stable performance that allows repeated completion of a series of similar 
tasks in a very efficient and reproducible manner. In contrast, the introspecting 
subjects are instructed to engage in additional observation and noticing. Which 
aspects of the cognitive processes and for how long these aspects are observed 
are likely to be unpredictable to both the subjects and the experimenter. As a con-
sequence, the traditional methods of validation, such as task analysis, agreement 
between reports and performance characteristics (e.g. latencies and eye-
fixations) and designed experimental tests, will not be available as tools for the 
analysis of open-ended introspective reports. This type of introspective report 
can still provide valuable opinions and ideas that might lead to the generation of 
interesting and more targeted hypotheses. One of the pioneers of the study of the 
brain, Lashley (1923, p. 352), said: 'introspection may make the preliminary sur-
vey, but it must be followed by the chain and transit of objective measurement'. 
Many cognitive phenomena, such as afterimages or feelings of knowing, were 
originally discovered by introspective observation, presumably while the person 
was engaged in some other task-related activity. Once this type of experience has 
been recorded and proposed to reflect a general phenomenon it is possible for 
investigators to try to design tasks where this specific phenomenon can be reli-
ably induced in many subjects. For example, subjects can be presented with 
bright colour stimuli and then asked to name the corresponding colour in the 
afterimage (cf. Comstock and Kittredge, 1922). To study the 'feeling of know-
ing', subjects have been asked to estimate the probability that they will be able to 
recognize the correct name of the capitol of a presented name of a country, where 
the estimates can be evaluated against performance on subsequent memory tests 
(Gruneberg and Monks, 1974). Once suitable tasks with well-defined criteria for 
performance have been developed, the thought processes of associated phenom-
ena can then be studied with non-reactive reporting methods, such as think aloud 
and immediate retrospective reports. 

In the current exciting quest to better understand consciousness it is hard to 
overestimate the importance of rigorous data-collection methods that produce 
independent scientific evidence. Crucial future advances in cognitive science 
and cognitive psychology will, by necessity, require that we keep rejecting 
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prevailing theories and fundamental intuitions. These types of advances will 
only be possible when we have methods that provide reproducible empirical evi-
dence; only such evidence can compel scientists to change their beliefs and thus 
be capable of successfully resolving current and future theoretical controversies. 
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