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The reactivity of a “think aloud” verbal protocol and the veridicality of different retrospective
protocols were tested over four dissimilar tasks. Generating a concurrent protocol altered accuracy
in two tasks, simple addition and a choice between two gambles, and generally prolonged response
times. Such reactivity partially qualifies the dominant theory of protocol generation (Ericsson
& Simon, 1984). Retrospective protocols yielded substantial forgetting or fabrication in all tasks,
supporting the consensus on the nonveridicality of these methods. It is concluded that protocol
validity should be based on an empirical check rather than on theory-based assurances.

The ascendancy of the information processing paradigm
has increased the demand for data that trace cognitive
processes. One source of process data is a ‘think aloud”’
verbal protocol in which subjects report their thoughts dur-
ing the performance of a primary task. The increased use
of these data has prompted an inquiry into their validity.
Nisbett and Wilson (1977) addressed several fundamen-
tal issues, especially the intrusion of fabricated mental
events into verbal reports. Their broad indictment elicited
many clarifying responses (e.g., Quattrone, 1985; Sabini
& Silver, 1981; Smith & Miller, 1978; Turner, 1986,
1988; Wright & Rip, 1981).

Ericsson and Simon (1980, 1984) responded with an
analysis of protocol validity based on a theory of protocol
generation. To reduce invalidity, they warn against all
retrospectively collected protocols as subject to forget-
ting and fabrication. They also suggest shunning concur-
rent {think aloud) protocols where instructions invite self-
theorizing or other introspective explanations. That is,

proper protocols ask subjects to report their thoughts, not
to explain them.

Ericsson and Simon’s theoretical position implies that
proper instructions and task selection can achieve indepen-
dence between verbalization and the primary process.
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Neither process interferes with the other so long as
(1) subjects report only the contents of short-term memory
(STM) and (2) those contents are in oral form, that is,
coded as a string of phonemes. This excludes tasks that
require a recoding from a nonoral (e.g., pictorial)
representation to an oral one and cognitive processes that
leave little or no trace in STM, especially those that are
automated.

One qualification to this theory-based assurance of va-
lidity involves the competition for processing resources
between the primary task and verbalization. Especially
for tasks in which rehearsal of partial results places a
heavy burden on STM; Ericsson and Simon (1984) warn
that ‘‘interruption and suppression of rehearsal lead to a
rapid loss of information from STM. Hence, we would
expect that prolonged attention to items in STM to allow
verbalization will be disruptive of tasks that impose high
loads on STM”’ (p. 249). It is worth noting that the com-
petition for processing resources is eased by multiple
resource pools (Navon & Gopher, 1979; Wickens, 1980,
1984). For instance, Wickens (1984) specifically suggests
at least partially distinct resources for encoding/process-
ing and for responding, a distinction corresponding
roughly to our primary task and concurrent verbalization.
However, the multiple-resource view is not uniformly ac-
cepted (e.g., Kantowitz, 1987), nor are the different pools
of resources necessarily independent. For instance,
Wickens (1987) suggests that processing and responding
may draw on some common resources. Furthermore,
although there is considerable evidence for noninterfer-
ence between spatial and verbal processing (e.g., Brooks,
1968), the translation of a pictorial to an oral code may
require some of both resources. Thus, limited process-
ing resources may qualify any assurance of validity, even
if multiple-resource theories are accepted.

Copyright 1989 Psychonomic Society, Inc.
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TWO FORMS OF INVALIDITY

Protocol invalidity can take at least two forms: reac-
tivity and nonveridicality. A verbal protocol is reactive
if verbalization changes the primary process. Reactivity
can occur either as a change in the primary process that
may alter the outcome of that process or as a simple
prolongation of response time (RT). Process changes are
usually considered consequential in that they can invali-
date the theoretical conclusions the data were designed
to provide. In contrast, lengthening RT is seldom conse-
quential in that few theories make predictions at that level
of detail for tasks longer than a few seconds in duration
(for an exception, see Just & Carpenter, 1980).

A protocol is nonveridical if it does not accurately
reflect the underlying primary process. Nonveridicalities
include errors of omission (e.g., not reporting some
thoughts) and errors of commission (e.g., reporting mental
events that did not occur). Although omission is conse-
quential, fabricated intrusions are usually more serious,
because these data enter into the protocol’s analysis as
if they were veridical.

TESTING THE VALIDITY
OF VERBAL PROTOCOLS

What constitutes a definitive test of the validity of a
think aloud protocol? Tests of reactivity usually compare
a silent control to the concurrent protocol condition.
Ideally, these two groups could be compared on the basis
of criterion data, that is, some perfectly valid and detailed
measure of the underlying process. Effects of verbaliza-
tion would appear as differences in the criterion data be-
tween the verbalizing and silent conditions.

Of course, criterion data do not exist. Indeed, there are
few other process-tracing methods to turn to. Among these
are eye fixations and process markers, such as the natur-
ally occurring ‘‘moves’’ in such problem-solving tasks
as the Tower of Hanoi (Simon, 1975). Unfortunately,
these overt behaviors do not reveal the level of detail
provided by verbalization. Thus, in many tasks, the ex-
istence of even a close approximation to ideal criterion
data is problematic.

Fortunately, tests of reactivity can also be based on such
ordinary output measures as accuracy and RT. Signifi-
cant differences between a silent control group and a ver-
balizing group can be attributed to the concurrent pro-
tocol. Differences in accuracy are particularly important,
because they reflect fundamental changes in the primary
process that most investigators would regard as conse-
quential. One can imagine circumstances in which the
primary process is altered but overall accuracy and RT
are not significantly changed, but, in the absence of cri-
terion data, the systematic examination of accuracy and
RT can provide a meaningful if incomplete test of reac-
tivity.

Testing the veridicality of a concurrent verbal protocol
is much more difficult. Indeed, it is nearly impossible

without another simultaneous source of process data.’ In
addition, concerns about reactivity naturally take prece-
dence over lack of veridicality because there is little point
to testing whether or not a report is veridical if verbali-
zation has already changed the primary process being
reported. Thus, our main focus will be reactivity.

REACTIVITY: EXISTING EVIDENCE

We are fortunate that Ericsson and Simon (1984) have
thoroughly reviewed the empirical literature. To simplify
our narrower review, we exclude the large number of
studies that used either retrospective protocols or improper
instructions. However, we retain tasks that entail some
recoding into oral form, since any reactivity might still
be negligible. Thus, we focus on studies where the task
and instructions were most favorable to nonreactivity.

There are 12 such studies, which we divide into a
primary group of 5 (Fryer, 1941; Karpf, 1973; Roth,
1966; Walker, 1982; Wegner, cited in Merz, 1969) and
a secondary group of 7 (Carroll & Payne, 1977; Dan-
sereau, 1969; Dansereau & Gregg, 1966; Feldman, 1959;
Johnson & Russo, 1978; Kazdin, 1976; Smead, Wilcox,
& Wilkes, 1981). To the primary group we add Fidler
(1983) and Schweiger (1983), which were not available
to Ericsson and Simon.

In the primary studies, the test for reactivity (and other
aspects of protocol performance) was not an incidental
check, but an important methodological goal. This is
reflected in their designs, which tend to contain more trials
and subjects than studies in the second group. Of these
seven, three reported significantly longer RTs (Fidler,
1983; Karpf, 1973; Wegner, in Merz, 1969) and one
reported that fewer problems were solved within a fixed
time period (Fryer, 1941). The results of the last study
are ambiguous because it is unclear whether each problem
took longer to solve or whether the same number of
problems was completed with a higher proportion of
errors.

The seven remaining studies were not designed mainly
as tests of the concurrent protocol methodology, but
nonetheless included an empirical check for reactivity. No
reactivity was found in any of these seven studies.
However, this result is not conclusive for several reasons.
First, some of the investigators reported either accuracy
or RT, but not both. This leaves open the possibility that
reactivity occurred in one measure but not the other. Sec-
ond, these tests were less powerful than were those in the
primary group, typically using fewer subjects and trials
per subject. Finally, we worry about a publication bias
in which experimenters who find protocols reactive do
not pursue, much less publish, these data.

The near absence of reactivity in the empirical litera-
ture has led to a consensus that “‘the verbal protocol proce-
dure slows down the process slightly but does not change
it fundamentally’’ (Payne, Braunstein, & Carroll, 1978,
p. 36). Nonetheless, the evidence is not definitive. We
find it noteworthy that, although few studies systemati-



cally test reactivity, four of the seven rigorous tests found
at Jeast a weak form of it. Our first goal is a more sys-
tematic test of reactivity over a variety of tasks. By choos-
ing tasks that both satisfy and violate Ericsson and Simon’s
proposed conditions for validity, we also establish bound-
ary conditions for their theory of protocol generation.

METHOD

The experimental strategy is to contrast a concurrent verbaliza-
tion with a silent (control) condition. Besides these two conditions,
we also examined three types of retrospective protocols in which
subjects solved a problem silently and, immediately afterward,
reported their thoughts while solving it. In the first retrospective
condition, subjects had only their responses (i.e., the problem so-
lutions) before them as they recalled their thoughts (response-cued).
In another, they saw only the original problem (stimulus-cued). In
the third retrospective condition (prompted), subjects saw the origi-
nal problem and, superimposed on it, a replay of the sequence of
eye fixations they had made while solving it (Russo, 1979). The
retrospective conditions served two purposes. First, a comparison
of the concurrent and retrospective conditions allowed us to inves-
tigate the magnitude of forgetting and fabrication universally at-
tributed to the latter (Nisbett & Wilson, 1977; Payne et al., 1978;
Smith & Miller, 1978), at least to the degree that the concurrent
condition serves as an accurate standard. Second, because these pro-
tocols make different demands on the subject than does a concur-
rent one, differences in any observed reactivity might help diag-
nose possible sources of that reactivity.

Primary Tasks

The selection of tasks was critical to a fair but rigorous test of
protocol reactivity. It was guided by three considerations. First,
although we would have liked to test many tasks, we also needed
sufficient statistical power to detect small levels of reactivity. This
dictated a focus on fewer tasks. Note that a rigorous test of differ-
ences in accuracy must be based on many trials because only a sin-
gle categorical observation (correct or incorrect) results from each
trial. Second, we sought a variety of tasks (e.g., both verbal and
pictorial and with and without a heavy STM load) that would vary
with respect to Ericsson and Simon’s theory-based predictions of
reactivity. Although this criterion runs counter to our own more
agnostic view that it is hard to know in advance whether or not
reactivity will occur, it accords with our goal of empirically ex-
amining their predictions about the kinds of tasks free from inva-
lidity.

Four dissimilar tasks were used: (1) a verbal task, anagrams; (2) a
numerical task, choosing between two simple gambles; (3) a pic-
torial task, Raven’s (1958) progressive matrices; and (4) the men-
tal addition of three three-digit numbers, a task that imposes a heavy
STM load. Two of these tasks, anagrams and gambles, meet the
Ericsson and Simon criteria in that they utilize orally encoded in-
formation and subjects were properly instructed to report only the
contents of STM, not explanations or elaborations of those con-
tents. The addition task might not be free of reactivity because of
its dependence on the rehearsal of partial results. Raven’s task risks
reactivity, because verbalization requires a recoding from a pic-
torial to an oral code.?

Stimuli
From pretest data, we selected for each task 55 problems that
met two criteria: an overall accuracy roughly between 70% and
75% and a range of individual problem difficulty between 50% and
90%. The final stimuli for each task are described below.
Addition. Each problem required the mental addition of three
three-digit numbers displayed in a standard 3 X 3 matrix. To im-
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pose a STM load, we required the subjects to add the columns in
right-to-left order without returning to any earlier column. Although
this right-to-left order is the most common, other strategies can be
adopted (see Hitch, 1978). We monitored the subjects’ compliance
by tracking their eye fixations and verbally warned them if they
backed up to a previous column. This was rarely necessary.

Anagrams. Each anagram consisted of five letters (e.g., GORRI)
to be rearranged to form an English word (in this case, the word
Rigor). Problems were selected from Arnold and Lee (1978a,
1978b). In all cases, there was only one solution, excluding proper
names.

Gambles. Each problem presented two gambles consisting of a
probability of winning and a corresponding payoff given to two
digits (e.g., .32/$6.90 and .54/$4.30). There was no loss associated
with the complementary probability. One gamble was displayed be-
low the other. Because the subjects were instructed to choose the
gamble with the higher expected payoff, the task was essentially
mental multiplication.

Raven’s matrices. Each Raven's (1958) progressive matrix is
a3 X 3 array of figures, with the bottom right cell missing. Sub-
jects must discover the pattern in the array and complete it by select-
ing one alternative from another set of figures. This other set con-
tained three of the eight answers provided in Raven's standard test
booklet. We used the two most frequently chosen distractors along
with the correct one, randomly arranged in a fourth column to the
right of the matrix. Our stimuli were chosen from Sets D and E
and Advanced Sets I and II (Raven, 1958).

A difficulty occurred in pretesting the anagram and Raven’s
problems. Even when unable to solve a problem, the subjects some-
times persisted. This created long RTs and, in the case of deter-
mined subjects, an overly long experimental session. To prevent
this, the subjects in these two tasks were given the option of re-
questing hints, such as the first letter of the correct anagram word.
These hints were to be used only if the subject could not otherwise
reach a solution. Any trial in which a hint was requested was clas-
sified as an error since the subject was unable to solve it without
assistance and since the intervention arbitrarily prolonged RT.

Subjects

Twenty-four students served as paid volunteer subjects. Each par-
ticipated in five 2-h sessions and was paid $9.00 plus $0.05 for
every problem solved correctly. For each first hint (on an anagram

or a Raven'’s problem) $0.02 was subtracted, with $0.01 subtracted
for every subsequent hint.

Instructions

The subjects in the concurrent protocol condition were instructed
to think aloud while solving the problem.® When the subjects were
silent for more than a few seconds, they were prompted by “‘Please
tell me what you are thinking.’’ Prompting was rarely needed; it
was used roughly once every 50 trials. In the stimulus- and response-
cued retrospective conditions, the subjects were asked to ‘‘tel] what
you were thinking as you solved the problem.’’ The prompted in-
structions were to ‘‘explain why you looked where you looked and
what you were thinking when you looked there.’’ The first part
of these instructions, to explain why, was improper. It invites the
kind of self-theorizing that can make retrospective reports nonve-
ridical. We retain the prompted protocols in the analyses of results
for completeness and because any problem they created may be
negligible, as a subsequent analysis will suggest. Nonetheless, they
should be treated skeptically.

Design
The most important design decision was whether 1o use a repeated
measures design or a between-subjects design. The former risked

carryover effects when the same subject used all protocol methods.
The latter introduced additional subject variance, reducing the
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statistical power needed for a rigorous test of accuracy differences.
We opted for a repeated measures design but minimized carryover
effects by familiarizing the subjects with each protocol method in
an initial session (as described below).

Thus, the subjects performed all four primary tasks, each in a
different verbalization condition. The order of tasks and the pair-
ing of tasks with protocol condition was counterbalanced using a
Latin square. Each group of 12 subjects comprised a block of three
different Latin squares, as described in Cochran and Cox (1957,
see Plan 6.12, p. 241). This design enabled us to test the interac-
tion between protocol method and task, which amounts to the test-
ing of method effects within each task.

We varied the type of retrospective protocol between subjects,
alternating the response- and stimulus-cued instructions. Thus, all
24 subjects received the concurrent, control, and prompted instruc-
tions, whereas only half participated in the response-cued condi-
tion and the other half participated in the stimulus-cued condition.
Every task-by-method cell contained 55 trials, the first 10 of which
were considered practice.

Apparatus

Eye fixations were measured by an Applied Sciences’ Eye View
Monitor (Model 1996). A PDP 11-34 computer was used to con-
trol the display of the stimuli and to record the subjects’ response
latencies, answers, and eye fixations. Although eye fixations were
used only to monitor the addition task, these data were recorded
for all tasks and methods. The stimuli for all tasks except Raven’s
were displayed on a CRT screen; the Raven’s matrices were shown
on 8% X 11 in. transparencies, positioned in front of the screen
by the experimenter. Protocols were recorded on audio cassette

tapes.

Procedure

The subjects performed one task in each of the four test sessions.
An initial session was devoted to training on all four protocol
methods using a fifth task, a type of number puzzle. We expected
this to minimize any carryover between methods that might lead
to different effects for different orders of the methods.* At the start
of each of the next four sessions, the subjects received instructions
for the task and protocol method. The 10 practice trials were
presented, followed by 45 test trials. Retrospective protocol gener-
ation began immediately after the buttonpress ending a trial. The
subjects were required to generate the appropriate protocol during
all trials including practice.

For anagrams, a subject could receive a hint via a keypad. For
Raven's matrices, the hints had to be requested verbally and were
read aloud by the experimenter.

RESULTS

If the assumption of independence between the primary
task and verbalization is correct, the anagram and gam-
bles tasks should be free of reactivity except possibly for
a prolonged RT. In contrast, because verbalization in the
Raven’s task requires a pictorial to oral recoding, reac-
tivity is more likely. Similarly, the high STM load in the
addition task may make it vulnerable to disruption by con-
current verbalization.

Accuracy

The accuracy for each protocol method and task is
shown in Figure 1. Each datum is based on 270 trials (45
test trials for 6 subjects). The absolute accuracy is reported
for the no-protocol control condition, and the change in

accuracy relative to the control (i.e., the magnitude of
any reactivity) is reported for each protocol condition.

Two findings stand out. First, some tasks show signifi-
cant reactivity. A concurrent protocol significantly im-
proved the accuracy of a choice between two gambles
(+.20) and significantly decreased the accuracy of ad-
ding three-digit numbers (—.14). Second, other tasks
show no effect: The a priori contrast (described below)
comparing concurrent and silent control groups over the
four tasks showed no significant difference. Thus, the im-
pact of protocol generation depends strongly on the task,
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Figure 1. Accuracy of control condition and the accuracy differ-
ence between control and each of four protocol methods. An aster-
isk indicates a statistically reliable (p < .05) difference in accuracy
between a protocol method and the control condition using the logistic
regression analysis described in the text.



suggesting that the causes of reactivity are not general but
due jointly to the demands of the task and to verbalization.
For completeness, Figure 1 reports the results for the
three retrospective methods. These methods largely reflect
the direction of the concurrent effect. Only the gambles
and Raven’s tasks in the prompted condition produced er-
ror rates different from the concurrent condition. This
similarity suggests a sizable overlap in the causes of reac-
tivity for concurrent and retrospective verbalizations.
To test the significance of these differences, we used
a logistic regression (Neter & Wasserman, 1974, p. 330).
Alternative tests, such as ANOVAs with a dichotomous
dependent variable, are less powerful or biased in an
unknown direction (Neter & Wasserman, 1974, p. 322ff).
For example, an arcsin transform of observed cell propor-
tions is commonly used with dichotomous-data-like error
rates. However, because this transform is performed on
cell means rather than on individual responses, it entails
a substantial loss of statistical power. The logit model is
analogous to a conventional ANOVA, with maximum
likelihood chi-square tests replacing the F tests. The
between-subjects factors were square and subjects nested
within square, and the within-subjects factors were task,
method, and their interaction. We then performed a pri-
ori comparisons of each of the four protocol methods to
the control group (p < .05, two-tailed). The results of
these 16 tests are designated by the asterisks in Figure 1.

Response Time

Figure 2 displays the geometric means of the RTs for
correct trials only. Depending on the proportion of cor-
rect trials, the sample sizes for the control, concurrent,
and prompted methods ranged from 150 to 249 and for
response-cued and stimulus-cued from 90 to 114. Nega-
tive values indicate shorter RTs relative to control; posi-
tive values indicate that protocol generation prolonged the
primary task.

There is reliable evidence that a concurrent protocol
lengthens task time. RT for the choice between gambles
was prolonged by 22% (from 33.8 to 41.2 sec) and for
an anagram by 44% (from 14.2 to 20.4 sec). A least
squares ANOVA using the same factors as the accuracy
analysis confirmed the significance of these two effects.
Furthermore, although the effect of a concurrent protocol
varied across tasks, RTs were lengthened for all tasks.
They were 7% longer for both addition (14.8 to 15.9 sec)
and Raven’s (35.8 to 38.4 sec).

There was uniform agreement among the three
retrospective methods in the direction of the change in
RT. However, in contrast with the accuracy results, the
retrospective effects often exhibited a different pattern
from the concurrent condition.

Since RTs are commonly skewed by a few long times,
a log transform was used for all significance testing. The
significant planned comparisons between control and each
of the four protocol methods (within each task) are
reported in Figure 2. Note that the lengthening of RT by
a concurrent protocol is significant for two tasks, ana-
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Figure 2. Geometric mean response times for all correct trials of
control condition and the difference in mean response time between
control and each of four protocol methods. An asterisk indicates
a statistically reliable difference in response time between a protocol
method and the control condition using the ANOVA described in
the text.

grams and gambles. Furthermore, an a priori contrast
comparing the means of the concurrent and control RTs
over all four tasks is significant [F(3,3105) = 53.00,
p < .01].

Speed-Accuracy Tradeoff

If the accuracy rates and RTs covaried positively, we
might suspect that these differences resulted from a
speed-accuracy tradeoff. However, the observed changes
in accuracy and RT are not compatible with such a
tradeoff. As shown in Figures 1 and 2, in only 3 of the



764 RUSSO, JOHNSON, AND STEPHENS

16 cases did accuracy and RT change in the same direc-
tion, whereas 8 such patterns would be expected by chance
alone. Similarly, in only 2 of the 11 cases with a signifi-
cant accuracy or RT effect were the differences codirec-
tional. Although the possibility of a speed-accuracy
tradeoff cannot be excluded in the few cases with codirec-
tional effects, this would not seem to form a general ex-
planation for the results.

Conclusion

We set out to perform a rigorous test of the reactivity
of a concurrent verbal protocol using a variety of tasks.
We found a significant alteration in accuracy for two of
four tasks and a general prolongation of RT. Two con-
clusions seem justified.

First, the generally benign view of think aloud pro-
tocols, supported until now by the virtual absence in the
literature of empirical reports of significant and conse-
quential reactivity, must be questioned. Our results pro-
vide two instances of reactivity and suggest investigating
other tasks in which concurrent verbal reports are col-
lected.

Second, it would appear to be more difficult than previ-
ously thought to specify a priori whether or not a task will
be altered by the generation of a concurrent protocol. In
spite of Ericsson and Simon’s deep analysis of the ver-
balization process, the predictions of reactivity drawn
from their theory did not accord well with the data. The
gambles task should not have been reactive, yet it was.
Raven’s task, involving a recoding from pictorial to oral
code, might have been disqualified as susceptible to reac-
tivity, yet it was the only one of our tasks with no signifi-
cant reactivity in either accuracy or RT. We conclude that
our theoretical understanding of protocol generation is not
yet adequate to provide sufficient assurance about the ab-
sence of reactivity to justify foregoing an empirical check.

No single experiment is conclusive, especially one
yielding results somewhat contrary to both the existing
literature and the foremost theory. Awaiting a replication
or extension to other tasks, the present results might be
informed by the identification of mechanisms that could
have caused the reactivity we observed. Although the
value of post hoc theorizing is necessarily limited, some
sort of explanation for the observed reactivity seems ap-
propriate, if only as a guide to further empirical testing.

REACTIVITY IN PROTOCOL GENERATION

The empirical literature suggests at least four potential
causes of reactivity: (1) the additional demand for process-
ing resources, (2) auditory feedback, (3) enhanced learn-
ing over repeated trials, and (4) a motivational shift
toward greater accuracy. These causes of reactivity are
independent and task-specific in that any or all of them
may be present depending on the primary task.

Additional Demand for Processing Resources
Vocalization requires that subjects (1) set up and exe-
cute the motor programs to articulate spoken words,

(2) elaborate and monitor compliance with the request to
think aloud, including maintaining an adequate voice level,
and (3) recode idiosyncratically abbreviated oral codes so
that they are intelligible to other listeners (Werner &
Kaplan, 1963). A separate source of demand is the re-
quirement to articulate strategies that become partially au-
tomated. Finally, resources are required to recode nonoral
representations into oral form.

When any of these demands are present, subjects are
confronted by the problem of how to allocate processing
resources between the primary task and verbalization.
Note that this problem remains even if multiple attentional
resources are postulated (Wickens, 1987). We believe that
subjects manage the demands of verbalization by using
any slack resources not required by the primary task. If
the verbalization demands are slight and their occurrence
is compatible with the availability of slack resources, there
may be no disruption of the primary process, not even
a lengthening of RT. However, when the slack resources
cannot easily accommodate verbalization, subjects con-
front a choice. They can withdraw resources from the
primary process and devote them to verbalization, risk-
ing reactivity, or they can temporarily suspend verbali-
zation, a violation of veridicality. We presume that sub-
jects choose between these options in part by considering
their relative costs in the task situation. In the present ex-
periment, a uniform trend toward longer RTs in the ver-
balizing condition is compatible with an additional demand
for processing resources. The significant disruption of the
addition task is compatible with the extra demand on
resources to verbalize a partially automated process
(Zbrodoff & Logan, 1986).

Auditory Feedback

Vocalization creates additional aural stimulation that
might either facilitate or interfere with performance of
the primary task. In many situations, vocalizing an item
facilitates recall (Penney, 1975). This effect seems to be
based solely on hearing the auditory stimulus and not on
the act of articulation. For example, it makes little differ-
ence whether the subject or the experimenter vocalizes
the stimulus items (e.g., Crowder, 1970), and speaking
aloud aids memorization more than does whispering (Tell,
1971).

Whenever tasks depend upon retention of partial results
and also allow pauses during which rehearsal can occur,
accuracy may increase due to auditory feedback. Merz
(cited in Ericsson & Simon, 1984, p. 76) provides direct
evidence that auditory feedback improves performance in
simple arithmetic where the retention of partial results is
critical.

Enhanced Learning

Generating a protocol may facilitate learning by giv-
ing subjects the opportunity to reflect on the primary
process. This reflection may lead to the discovery of new
strategies or to the improvement of old ones.

Strategy acquisition is most likely in foolbox tasks in
which many possible strategies can be employed. For ex-



ample, in anagrams, many letter pairs, positions, and
pronunciations may need to be considered. Similarly, a
Raven’s matrix requires searching through a large space
of possible rules. In contrast to toolbox tasks, addition
and gambles involve applying a known algorithm. Such
algorithmic tasks might be improved by the trimming of
unnecessary components.

Motivational Shift

Concurrent protocols are usually generated in the
presence of an experimenter and intended for subsequent
transcription and analysis. Consequently, subjects can an-
ticipate public exposure of their errors. Given such ex-
posure, verbalizing subjects may try to shift to strategies
that tend to reduce error but require more effort. For ex-
ample, in our gambles task, the tedium of the required
mental multiplication is easily reduced by simplifications
that sacrifice accuracy (Russo & Dosher, 1983; Johnson
& Payne, 1985). Evidence for a motivational shift is
provided by Tetlock and Kim (1987) in a personality
prediction task. They found that subjects who were pub-
licly accountable (vs. those performing anonymously) ex-
hibited both more complex processes and greater predic-
tive accuracy. In general, whenever subjects’ processing
is publicly revealed, they may behave more in accord with
the perceived preferences of the experimenter.’

Reactivity in Retrospective Protocols

However paradoxical it may seem, reactivity can oc-
cur in retrospective as well as concurrent protocols. The
significant reactive effects in Figures 1 and 2 indicate that
some cause(s) of such anticipatory reactivity must be
operating.

Although feedback from articulation is ruled out, the
other three causes of reactivity are not. A motivational
shift can occur whenever subjects are informed that they
will have to generate a subsequent verbal report; enhanced
learning may be even more likely, because retrospective
reports provide additional time to review the primary
process. Finally, consider the possibility that subjects per-
ceive a requirement to ‘‘have something to say’’ when
little of the actual processing can be recalled. This might
lead to the deliberate memorization of a few process com-
ponents that can guide recall (or a plausible reconstruc-
tion). Such memorization would place an additional de-
mand on processing resources.

The sources of reactivity in retrospective protocols are
even less well understood than are those in concurrent
verbalization. Because using a variety of protocol methods
may facilitate the investigation of concurrent protocols,
these retrospective effects may be worth pursuing.

Conclusion

There seem to be several possible mechanisms by which
protocol generation might alter the primary task. We ex-
amined the ability of the four causes just listed to account
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cally verified post hoc. Nonetheless, the increased ac-
curacy of the gambles task may have been aided by a
motivational shift. This task in the concurrent protocol
condition was the only one of the 16 task and method com-
binations with a significant increase in accuracy accom-
panied by a significant increase in RT. Additionally, the
rehearsal of partial results may have been aided by overt
verbalization. The other significant change in accuracy,
the drop for the addition task, is compatible with the com-
petition for processing resources in a task with a high STM
level. We stress that these connections are merely specula-
tive. Their purpose is to show that there exist specific
potential causes for the reactivity we observed and,
thereby, to suggest possible directions for future ex-
perimentation. Any conclusions about what caused our
reactivity must await such prospective testing.

VERIDICALITY OF
RETROSPECTIVE PROTOCOLS

Although our primary focus is reactivity in concurrent
protocols, our experiment enables some investigation of
the nonveridicality of retrospective reports. It is gener-
ally agreed that such protocols are subject to both forget-
ting and fabrication (Ericsson & Simon, 1984; Nisbett &
Wilson, 1977; Turner, 1986). We investigate this claim
by comparing the contents of the retrospective and con-
current protocols. Without perfectly valid criterion data
to characterize the primary process, any conclusions can-
not be definitive. Nonetheless, the observed differences
among the concurrent and retrospective protocols should
prove informative.

We expect two general sources of differences, errors
of omission and commission. As will be explained shortly,
the kind of error should change systematically as the
material to be verbalized varies along an inferential hier-
archy. This hierarchy classifies individual thoughts on a
continuum beginning with stimulus perception, moving
through initial, middle, and final inferences, and ending
with the problem solution.

The statements in the 448 available protocols were
coded into five categories: perceptual, low level infer-
ences, high level inferences (but not including the answer),
strategy, and all others.® In all four tasks, we could iden-
tify two extreme levels of inference with frequencies well
above zero. However, perceptual and strategy statements
occurred only infrequently in some tasks, notably addi-
tion and gambles.

Results

Table 1 presents the mean number of statements per
protocol for the four inference categories, by task and pro-
tocol method. Within each task we performed a simple
ANOVA, with protocol method the only factor. This
ANOV A was computed separately for the four statement
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Table 1
Mean Frequency Per Protocol of Statement Types by Protocol Method and Task
Type of
Statement Task Concurrent ~ Response-cued  Stimulus-cued  Prompted
Perception Addition 0.1 0.0 0.1 0.3
Anagrams 1.0% 0.0° 0.0 0.5°
Gambles 0.0° 0.1 0.1* 0.4°
Raven’s 6.9 0.7° 1.0° 1.2°
Initial Addition 3.6* 0.6° 5.2° 2.4¢
Inferences Anagrams 7.6% 1.2° 2.2% 6.0°
Gambles 4.0 2.0° 3.5% 3.4°
Raven’s 5.1 2.1° 5.12 3.9%
Final Addition 1.2 0.9 1.2 0.9
Inferences Anagrams 2.8% 0.6* 2.2 4.8°
Gambles 0.9 1.0° 0.7** 1.2%¢
Raven’s 3.1® 0.5 1.3° 2.6*
Strategy Addition 0.0 0.0 0.0 0.0
Anagrams 0.3 0.0 0.4 0.3
Gambles 0.0* 0.2° 0.1 0.5°
Raven's 0.4 0.6 0.4 0.6
All Addition 10.1* 7.6° 13.3¢ 1.7
Anagrams 13.2° 4.8° 6.3 15.6*
Gambles 9.7% 6.7° 9.3 11.5°
Raven's 17.7* 4.6° 10.3¢ 15.0°

Note—Within a row, means with the same letter superscripts (a, b, ¢, or d) are not significantly
different (p < .05); different letter superscripts indicate significant differences by a Duncan’s
multiple range test. Also, note that All includes every statement. The number of All statements
does not match the column sum because three statement categories are omitted, as explained in

Footnote 6.

categories and for the total number of statements. The
results of the contrasts among the four protocol methods
(p < .05, two-tailed) are reported in Table 1.

Recall that we cannot assume that one protocol method
is more valid than another. Thus, we cannot easily attri-
bute observed differences across the protocol methods to
omission in one method or intrusion in the other. We can,
however, compare methods on the basis of the informa-
tion available to the subject and examine the plausibility
of forgetiing and intrusion.

Forgetting. Because there is no stimulus to cue recon-
struction in the response-cued condition, these protocols
should be least susceptible to fabrication and thereby iso-
late a relatively pure effect of forgetting. All tasks had
significantly fewer statements in the response-cued con-
dition than in the concurrent. Raven’s task showed the
largest reduction in total statements from concurrent to
response-cued, 74% (17.7 to 4.6); addition showed the
smallest, 25% (10.1 to 7.6).

Because higher level processes are usually more unique
and produce less confusable results, we expected more
forgetting of lower level processes (e.g., perception and
initial inferences) than of higher level statements (e.g.,
final inferences and strategies). At least this should be true

of such algorithmic tasks as addition and gambles,
whereas, for the anagrams and Raven’s tasks, higher level

inferences may not be less confusable or retained longer.
Since the frequencies of perception and strategy statements
are too low to provide conclusive evidence, we focused

our testing on the lowest and highest levels of inference.
To measure forgetting, we computed the difference be-
tween the response-cued and concurrent frequencies and
then normalized by the concurrent frequency. This mea-
sure of percent forgotten was predicted to be greater for
initial inferences than for final inferences, at least for the
two algorithmic tasks. The respective percentages were
82% and 30% for addition and 52% and —3% for gam-
bles, as predicted. (Negative values should be interpreted
as zero forgetting.) For the two nonalgorithmic tasks, the
same percentages were 85% and 80% for anagrams and
60% and 83% for Raven’s. Thus, where expected, a
greater forgetting percentage occurred for lower infer-
ences. A similar result was reported by Rip (1979).
Fabrication. The most likely place for fabrications to
intrude into retrospective protocols is the stimulus-cued
condition, because it so easily permits reconstruction. Fur-
thermore, algorithmic tasks, such as addition and gam-
bles, are the most susceptible to reconstruction. Again us-
ing the concurrent method as a benchmark, we found
decreases in the total number of statements for all tasks.
However, as predicted, these were smaller for the two
algorithmic tasks (4% for gambles and 32% for additions)
than for the two toolbox tasks (41% for Raven’s and 54 %
for anagrams). Only the drop for gambles is not statisti-
cally reliable. By pointing to reconstruction as a possible
source of intrusions in retrospective protocols, these data
also suggest that cuing a retrospective protocol by the
original problem should be avoided. Especially for such



algorithmic tasks as addition and gambles, the danger of
intruded reconstructions may exceed any benefits from
a richer cue to prompt the recall of the original process.

Summary

The data in Table 1 strongly suggest that retrospective
protocols fail to provide a veridical reflection of the
primary process. There seems to be widespread forget-
ting in the response-cued condition and substantial fabri-
cation in the stimulus-cued method. Although we cannot
isolate their causes, these findings seem persuasive on
their own and are fully in accord with the dim view of
retrospective protocols expressed in the literature. This
is not to say that there are not some situations in which
retrospective reports are valid (e.g., Weitz & Wright,
1979), but these data generally pose major risks to va-
lidity.

CONCLUSION

Our experiment has revealed substantial reactivity at-
tributable to generating a concurrent protocol. Biehal and
Chakravarti (1989) have recently reported similar results,
specifically finding changes in a choice process induced
by protocol generation.” This empirical evidence, cou-
pled with the four possible causes of reactivity identified
earlier, strongly suggests that the current state of theory
is not yet adequate to specify tasks in which protocol
generation is benign.

Until a theory of protocol generation can fully specify
the conditions of validity, the only assurance of nonreac-
tivity is empirical. This involves adding a silent control
group to the experimental design and comparing accuracy
and RT between the silent and verbalizing conditions. The
additional cost of such a check may be justified both by
the unpredicted reactivity found in our addition and gam-
bles tasks and by the pleasant surprise in discovering that
a doubtful task like Raven’s matrix is nonreactive. Fur-
thermore, such empirical tests may eventually provide a
census of reactivity that catalogs tasks in which reactivity
is negligible or inconsequential, relieving future ex-
perimenters of the burden of an empirical check.

Channeling Invalidity

If invalidity is found, instructions can channel it such
that the overall threat to research goals is minimized. For
most tasks, there seems to be a natural hierarchy of inva-
lidities: Disruption of the primary process is unaccepta-
ble, omissions in the verbal report are less serious, and
a prolonged RT is usually inconsequential. Following this
hierarchy, instructions can channel any irreducible inva-
lidity into its least damaging form.

First, instructions can sacrifice speed for both complete-
ness of the reports and naturalness of the primary process.
Note that this may not be compatible with typical ex-
perimental instructions to minimize both errors and RT.
Second, subjects can be instructed to preserve natural-
ness over completeness. For instance, it is common prac-
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tice to recommend nondirective prompting when subjects
lapse into silence. However, because prompts run coun-
ter to the emphasis on nonreactivity over completeness,
they should be minimized in most situations. Instead, ade-
quate training in verbalization prior to data collection will
usually be preferred.

In spite of the substantial reactivity we have observed
and the absence of a fully adequate theory of protocol
generation, we do not conclude that concurrent verbal pro-
tocols are invalid and should be avoided. All methods risk
some invalidity and tradeoff costs for benefits. On the ba-
sis of our own experience with verbal protocols and other
process-tracing data (e.g., eye movements and manual
responses), we believe that nothing can match the process-
ing insights provided by a verbal protocol. Given their
unique benefits, the challenge is to identify and reduce
causes of their invalidity.
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NOTES

1. Rarely is a second process trace available, but for an exception
see the eye fixation analysis in Winikoff (1967), also described in Newell
and Simon (1972, p. 327). If a second source of process data is not avail-
able, the situation is not hopeless. One can compare the protocols from
repeated trials and, using a criterion of consistency, try to identify the
level of omissions and intrusions in any given trial. Also, a theory-based
approach uses a task analysis to specify what information must have
been used and, therefore, should appear in the protocol. This second
strategy depends on the accuracy of the theory (the same theory that
the protocols are testing) and on the experimenter’s ability to distin-
guish between attended-to and automated components. Neither method
is very satisfactory in that both rely critically on experimenter interpre-
tation of the observed data. Note also that output measures alone are
not sufficient. The bulk of the protocol might be highly inaccurate, yet
task accuracy is unchanged because the problem solution itself is un-
likely to be misreported.

2. We acknowledge the difficulty of claiming that a task must be per-
formed using a pictorial rather than propositional representation (An-
derson, 1979). Indeed, Hunt (1974) has proposed a propositional
representation and solution algorithm for the Raven task. Although both
our intuition and observations of subjects’ performance persuade us that
this task can be safely classified as pictorial, such a determination is
not critical. Our first priority is an empirical test of reactivity. Only
if it is found will we worry about whether or not it can be ascribed to
recoding operations.

3. Complete instructions for the four protocol methods as well as all
stimuli and task instructions are available upon request.

4. A particularly problematical source of carryover effects is the
prompted retrospective method that improperly instructed the subjects
to explain why they looked at a stimulus element. Informal observation
of the subjects during task performance revealed no obvious differences
before and after the prompted condition. However, to test for such an
effect on accuracy, the mean proportion of test problems solved was
computed for all methods and tasks performed before (.756) and after
(.749) the prompted method was used. This difference was not statisti-
cally significantly (p < .05). There also was no significant difference
when practice problems were included and when the before-after differ-
ence was computed separately for each task and each method. These
results argue against a carryover effect from the prompted method.
However, what cannot be eliminated is the possibility of a carryover
effect from the practice session in which all four methods were previewed
using a fifth task. Practice with the prompted method then may have
affected performance in all later sessions. This possibility can only be
disconfirmed by further experimentation using a different experimen-
tal design, one between subjects or without the practice session.

5. This possibility raises the interesting question of whether the si-
lent or protocol condition better reflects problem-solving performance



in the natural environment. It seems plausible that the level of motiva-
tion under protocol generation may more validly reflect that of at least
some real world problem solving. This possibility focuses attention on
our particular definition of reactivity, namely, any change from the si-
lent control performed under laboratory conditions. It is beyond our
scope to begin to determine whether this control is itself ecologically
valid.

6. Because they do not inform the tests of our hypotheses, we ex-
clude three types of statements that were actually coded: (1) middle level
inferences, (2) answers, and (3) irrelevant asides, such as ‘‘these are
all hard problems.’’ The large majority of excluded statements were
middle level inferences. The protocols were coded by one judge and
verified by a second judge on a 10% sample. The interrater reliability
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for each task was: addition, .93; anagrams, .86; gambles, .76; and Raven,
.83.

7. Although they found no differences in output (the alternative
chosen), they used a protocol collected from all subjects during a sec-
ond choice to infer aspects of the process used to make the earlier choice.
Comparing the choice processes of the verbalizing and silent groups,
they found reliable evidence that the former organized their choice
process more around product attributes and less around brands. Thus,
they found differences in the process used to perform the primary task
that could be attributed to protocol generation.
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