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ABSTRACT

How do people evaluate their degree of mastery over a task? A series of four studies
demonstrated that a potentially irrelevant cue can have a strong influence on such eva-
luations. In these studies, the total amount of work given to participants (the problem
set size) influenced both (a) the amount of work participants completed before feeling
that they had performed well and were adequately prepared for a related future task,
and (b) participants’ assessments of their performance and their feelings of prepared-
ness for a related future task. These effects occurred even when a randomization pro-
cedure was used to emphasize the arbitrary nature of the problem set size. The effects
vanished, however, when participants were given extra time to evaluate their progress
after completing each problem. Copyright © 2001 John Wiley & Sons, Ltd.
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An auto worker finishes 23 carburetors on her first day on the job. How does she decide whether she did good
work or not? A student solves 23 practice problems one evening in preparation for an upcoming calculus
examination. How does he know how prepared he is for the examination? After a few days on the job,
the auto worker will be able to evaluate her work on the basis of her performance on previous days, and
perhaps on the basis of the performance of coworkers who she comes to know (i.e. social comparison infor-
mation; see Festinger, 1954). The student will eventually get feedback about his degree of preparation after
he takes the calculus examination and gets his grade. However, it seems reasonable to expect that these indi-
viduals will want to evaluate their performances before valid environmental feedback becomes available.
How do they make these evaluations?

Ideally, these individuals would have an internal sense of their degree of mastery over their respective
tasks. The auto worker could then know that she is ‘good’ at putting together carburetors, and thereby assume
that she has assembled a ‘reasonable’ number of carburetors in a day’s work. Similarly, the student might feel
that he understands the material and is prepared to do well on his calculus examination. Unfortunately for
both of these individuals, self-assessments of skill acquisition represent a very difficult judgment problem
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(e.g. Campione, 1987; Glaser and Pellegrino, 1987; Greeno, 1983), perhaps because this type of judgment
depends largely on the ability to identify complex or ill-defined goal states (e.g. Sternberg and Frensch,
1991). Consequently, it is not surprising that research in educational psychology suggests that predictions
of performance and judgments of learning are often only weakly correlated with actual performance (e.g.
Maki and Berry, 1984; Maki and Serra, 1992; Weaver, 1990). Similarly, research in organizational psychol-
ogy indicates that workers’ assessments of their performance are often poorly calibrated when compared
with objective performance measures and evaluations made by supervisors (Farh and Dobbins, 1989; Gioia
and Sims, 1985; Schrader and Steiner, 1996). Poor calibration between judgment and performance has clear
practical implications: inadequate preparation can lead to poor performance on the task being practiced,
whereas excessive preparation is inefficient and can lead to poor performance on other tasks that compete
for resources within the limited time frames that characterize many academic and work settings (e.g. Josephs
and Hahn, 1995; Mazzoni and Cornoldi, 1993).

Several explanations have been offered for the poor calibration of self-assessments of performance and
skill acquisition in different contexts, including the use of general domain familiarity in place of text-specific
knowledge (e.g. Glenberg et al., 1987), underutilization of normative item difficulty (e.g. Nelson et al.,
1986), and lack of prior knowledge of the task domain (e.g. Maki and Serra, 1992; Josephs and Hahn,
1995). In addition, a substantial body of research suggests that poor calibration might be caused by the
use of invalid evaluation criteria — people often use simple judgment rules that rely on readily apparent con-
text information (cf. Kahneman et al., 1982) in preference to normative learning strategies that depend on
information that is computationally complex (e.g. Pelham et al., 1993) or difficult to access (Bryson et al.,
1991; Funke, 1991; Schooler et al., 1993). Thus, for example, novice writers tend to be guided by text pro-
duction rather than by idea production (e.g. Collins and Gentner, 1980), emphasizing simple, quantitative
features of their writing (e.g. Bereiter, 1980; Flower and Hayes, 1980).

Josephs and his colleagues (Josephs et al., 1994, 1996) have examined how reliance on superficial exter-
nal cues can lead to poorly calibrated performance judgments. Josephs et al. (1994) demonstrated that indi-
viduals who produced output that was enhanced to appear physically large (inflated either by large font sizes
or by being attached to empty boxes) rated their performance and productivity as greater than those who
produced output that was not enhanced in this way. Although this effect was only observed when individuals
were allowed to see the physical evidence of their task performance, this work provides evidence that super-
ficial and irrelevant information associated with a task can exert a significant influence on self-evaluations of
performance.

Josephs et al. (1996) investigated the conditions under which individuals were able to accurately assess
their own learning curves (i.e. knowledge about their degree of mastery over a certain type of problem). In
addition to direct learning curve access, these researchers introduced a superficial sensory cue called ‘problem
set size’, which is simply the number of problems or items in a set of problems (e.g. the number of carburetors
in the assembly room, or the number of calculus problems in a homework assignment). These researchers
found that (a) participants who worked on problem sets that were pre-tested to be of relatively uniform diffi-
culty appeared to have access to learning curve information and used this information to judge their perfor-
mance, but (b) participants who worked on problems sets that were pre-tested to be of variable difficulty were
unable to directly access their learning curve and relied on more superficial problem set size information.

The objective of the present studies is to more closely examine the use of the problem set size cue in
assessing progress on multiple problem tasks. We propose that problem set size is a readily observable
and computationally simple cue that is sometimes used to evaluate progress on a task even when more valid
cues are available. We do not suggest that people use the precise ratio of problems completed as a measure of
their performance. Instead, we propose that problem set size is used as a reference point against which actual
performance is evaluated, and that sometimes it can be an inappropriate reference point. Previous research
has shown that inappropriate reference points can lead to errors in a wide variety of contexts, including esti-
mates of one’s ability relative to others (Kruger, 1999), determination of how many units of a product to
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purchase (Wansink et al., 1998), gambling preferences (e.g. Ganzach, 1996), and even estimates of the
number of jelly beans in a jar (Smith, 1999). In short, just as participants inappropriately used the spin of
a wheel of fortune as a basis for estimating the percentage of African countries in the United Nations
(Tversky and Kahneman, 1974), we propose that test-takers will use an arbitrary problem set size as a basis
for estimating how many problems they should complete in preparation for an exam, thereby influencing
their feelings of preparedness based on the number of problems they actually do complete.

OVERVIEW OF EXPERIMENTS

The purpose of the present studies was to demonstrate the influence of problem set size on the amount of
work participants would complete before feeling that they were prepared to perform well on a related task in
the future and on self-report ratings of performance and preparedness. Specifically, for Studies 1-3 it was
predicted that (a) on open-ended tasks where participants could work until they felt well prepared, partici-
pants would work longer and complete more problems if they were presented with a large rather than a small
problem set, and (b) on tasks where participants’ output (i.e. number of problems completed) was held con-
stant, participants presented with large problem sets would evaluate their performance and preparedness less
favorably than would participants presented with small problem sets. Study 4 addressed the relationship
between cognitive resources and the use of problem set size as a performance cue. Because of the superficial
nature of problem set size, it was predicted that the influence of problem set size would be reduced when
participants had additional time to reflect on their task performance.

STUDY 1

Method

Overview

Participants were asked to solve a series of anagrams. They were told that the problem set they received was
a ‘practice’ test, and would be followed by a ‘real’ test using the same type of anagrams. Participants were
randomly assigned to one of two conditions: they worked either on a set of 50 anagrams (small problem set
condition) or a set of 100 anagrams (large problem set condition). Participants were told to work on the prac-
tice test until they felt prepared to perform well on the real test. No real test was actually administered. It was
predicted that participants in the large problem set condition would solve more anagrams and work longer
than would participants in the small problem set condition.

Participants
Participants were 16 male and 14 female undergraduates at the University of Texas at Austin who partici-
pated for course credit.

Procedure

Participants were greeted by an experimenter and led to a laboratory cubicle. After seating the participant at a
desk, the experimenter explained that the purpose of the study was to test how various types of environmental
conditions (e.g. noise) influence performance on tasks that require a substantial amount of concentration.
Participants were told that the experimenter had chosen an anagram test as a typical problem-solving task,
and that they would be given the opportunity to prepare for the ‘real’ anagram test by working on a set of
practice problems.
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The anagram problems were then described to participants — each anagram consisted of five scrambled
letters, and to solve the anagram these letters must be unscrambled to form an English word. Each anagram
was presented on a 3-inch by 5-inch index card. After explaining the task, the experimenter left the labora-
tory briefly to retrieve the anagrams. The experimenter returned to the laboratory with either 50 or 100 ana-
grams, depending on the experimental condition. Participants were not told how many anagrams were in the
problem set. To further indicate the arbitrary nature of the size of the problem set, the experimenter told
participants that a virtually unlimited number of practice anagrams was available if the participant completed
the first set of practice anagrams.

Participants were given an answer sheet and scratch paper to help with their solutions. The experimenter
asked participants to work as quickly and accurately as possible, and to continue working until they believed
their performance had reached a level that would allow them to do well on a subsequent ‘real’ test that would
involve five-letter anagrams virtually identical to the practice problems. Order of anagram presentation was
randomized for each participant. Hints at the rate of 1 per minute were provided if the solution time exceeded
1 minute. A hint consisted of providing the participant with the first or next (if not the first hint for a given
anagram) successive letter in the solution of the anagram. Participants’ anagram solution times were
recorded. Participants were told that their responses would be timed, but that no time limit was involved.

After completing the practice problems, participants were told that there would be no real test. At this
point, participants were debriefed and dismissed.

Results
All analyses were first conducted with gender as an additional predictor variable. There were no significant
main effects or interactions involving gender, so gender was excluded from the final analyses.

As predicted, one-way (problem set size: small or large) between-subjects ANOVAs revealed that parti-
cipants in the large problem set condition solved significantly more anagrams than did participants in the
small problem set condition, F(1, 28) =7.35, p < 0.05 and that participants in the large problem set condition
worked significantly longer than did participants in the small problem set condition, F(1, 28)=5.43,
p <0.05. These results are shown in Exhibit 1.

In addition, a one-way (problem set-size: small or large) ANOVA verified that problem-solving rates
(time per anagram) did not differ between the two conditions, F' < 1. This result suggests that problem set
size had no influence on actual performance quality but instead influenced participants’ perceptions of their
performance.

Discussion

In Study 1, participants who began the experiment with 100 anagrams solved significantly more anagrams
and worked significantly longer than did participants who began with 50 anagrams. Thus, the initial size of a
problem set influenced participants’ judgments about their preparedness.

Exhibit 1. Effects of problem set size on number of anagrams solved and time spent working
on the anagram task in Study 1

Problem set size

Small Large
Anagrams solved 21.80 34.27
(SD=11.01, n=15) (8D =14.00, n=15)
Working time (seconds) 963.47 1344.73
(SD=439.12, n=15) (8D =457.23, n=15)
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Although this result is consistent with the hypothesis that even non-diagnostic problem set size
information can influence preparedness judgments, it could be the case that participants are attending to pro-
blem set size information due to experimental demand characteristics. In the real world, it seems likely that
problem set sizes are chosen for a reason — instructors presumably choose homework problems based on
their ideas about how much practice is needed to master the problems, and supervisors presumably choose
workloads based on what they expect their subordinates to complete. Thus, participants might have inferred
that the experimenter selected the size of the practice problem set based on what he believed was necessary
to prepare adequately for the real test, and therefore that problem set size was a valid cue for judging their
preparedness.

Another potential objection to Study 1 might be that participants weren’t attending to the experimental
task at all and were actually just using problem set size as a cue for when it would be acceptable for them to
quit the practice test and move on to finish the experiment. If this is the case, it is possible that problem set
size was used as a stopping cue as it was in Study 1, but that it wasn’t really used as a preparedness cue. In
other words, even though all participants were instructed to stop when they felt well-prepared for the real
test, it is possible that large problem set participants actually felt more prepared (i.e. based on the extra pre-
paratory work they had done) than did small problem set participants, than participants who worked on a
smaller problem set.

Finally, it is possible that the results of Study 1 apply only to a limited population (e.g. Americans) or to
the specific problem set sizes used in Study 1.

STUDY 2

Method

Overview

The procedure used in Study 1 was modified to address the potential alternative explanations and limitations
of the results. Participants determined the number of anagrams they were to work on by drawing numbered
slips of paper from a box. They were told that the box contained a random assortment of numbers. In actu-
ality, half of the slips of paper were numbered 15 (small problem set condition) and the remaining slips were
numbered 40 (large problem set condition). After selecting a slip of paper from the box, participants
were given a number of practice anagrams equal to the number on the slip of paper they had drawn. They
were asked to work on these anagrams until they felt prepared to do well on a real test of their anagram-
solving ability. After completing the practice problem set, participants were given a short questionnaire ask-
ing them to evaluate their preparedness for the real test and their performance on the practice test. It was
predicted that participants in the large problem set condition would solve more anagrams and work longer
than would participants in the small problem set condition. The post-questionnaire was used as a manipula-
tion check to verify that participants in the two problem set conditions stopped at the same level of subjective
preparedness.

Participants
Participants were 17 male and 19 female undergraduate students at the University of Tromsg, Norway. Each
participant was paid 50 Norwegian kroner (about $7) for participating.

Procedure
The procedure was identical to that used in Study 1, except for the random determination of problem set size
and the post-questionnaire. Participants were told that this was an experiment simulating a typical office
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environment. The experimenter stated that, in office settings, employers often assign their employees
seemingly arbitrary amounts of work. Participants were then told that, to simulate the arbitrary nature of
employer-assigned tasks, the size of their task would be randomly determined, and that this random deter-
mination would be made by having the participant pull a numbered slip of paper from a box. Participants
were informed that the random number on the paper they drew from the box would be the number of pro-
blems in their initial practice problem set. Unknown to participants, half of the paper slips were numbered 15
and the remaining slips were numbered 40.

The post-questionnaire consisted of two items: (1) How prepared are you for the real test? (2) How well
did you perform on the practice test? These items were scored using 9-point rating scales on which a value of
1 indicated ‘adequate’ performance (e.g. ‘performed reasonably well”) and a value of 9 indicated exceptional
performance (e.g. ‘performed extremely well’)."

Results
All analyses were first conducted with gender as an additional predictor variable. There were no significant
main effects or interactions involving gender, so gender was excluded from the final analyses.

As in Study 1, one-way (problem set size: small or large) between-subjects ANOVAs revealed that par-
ticipants in the large problem set condition solved significantly more anagrams than did participants in the
small problem set condition, F(1, 34) =16.64, p < 0.05 and that participants in the large problem set con-
dition worked significantly longer than did participants in the small problem set condition, F(1, 34) =15.82,
p < 0.05.%2 These results are shown in Exhibit 2.

In addition, one-way (problem set-size: small or large) ANOVAs verified that problem solving rates (time
per anagram) and hint rates (average number of hints per anagram) did not differ between the two conditions,
F’s < 1. These results suggest that problem set size had no influence on actual performance quality but
instead influenced participants’ perceptions of their performance.

As predicted, the post-questionnaire did not show any indication that large problem set participants actu-
ally felt better about their performance than small problem set participants. Instead, a non-significant trend
for small problem set participants to rate themselves better was observed. One-way (problem set size: small

Exhibit 2. Effects of problem set size on number of anagrams solved and time spent working
on the anagram task in Study 2

Problem set size

Small Large
Anagrams solved 11.06 28.63
(SD=4.74, n=17) (SD=17.16, n=19)
Working time (seconds) 319.71 932.79
(SD=193.78, n=17) (SD=607.71, n=19)

'Pilot testing showed that using extremely negative statements (e.g. ‘performed extremely poorly’) at the low end of the scale resulted in
ceiling effects on the rating items.

The standard deviations are much larger in the large problem set condition than in the small problem set condition. As such, it is
technically appropriate to use nonparametric test statistics. Mann—Whitney U tests was also conducted and revealed the same significant
effects as the one-way ANOVAs described in the main text.

31t should perhaps be noted that participants with a problem set size of 40 in Study 2 solved more problems than did participants with a
problem set size of 50 in Study 1. Although this appears to contradict the conclusions of this paper, we would suggest that the cultural
and linguistic differences between the American (Study 1) and Norwegian (Study 2) samples renders it impossible to make valid
comparisons of results across studies.
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or large) between-subjects ANOVAs showed a marginally significant advantage for small problem set
participants over large problem set participants in terms of perceived preparedness for the real test, F(1,
33)=4.15, p<0.10 (M’s 5.53 and 4.47 respectively), and no difference in terms of perceived performance
on the practice test, F(1, 33)=1.75, p <0.20 (M’s 4.47 and 3.74 respectively).

Discussion

Replicating the results obtained in Study 1, participants who began with a large problem set solved signifi-
cantly more anagrams and worked significantly longer than participants who began with a small problem set
before they felt adequately prepared to take the real test. However, this extra work failed to gain them any-
thing in terms of self-perceived performance and preparedness. This study extends and clarifies the results of
Study 1 in four important ways: (a) by allowing participants to randomly determine problem set size, any
potentially diagnostic properties or demand characteristics associated with problem set size were minimized;
(b) the possibility that participants actually felt better about themselves after working longer was ruled out;
(c) the findings of Study 1 were replicated using Norwegian participants, demonstrating that the influence of
problem set size is not simply an idiosyncratic feature of American culture; and (d) the size of the problem
sets was changed to demonstrate the generalizability of the phenomenon beyond the specific problem set
sizes used in Study 1.

In both Study 1 and Study 2 the number of problems solved and the amount of time used to solve them
were the dependent variables. No direct attempt was made in Study 1 to measure how prepared participants
felt after completing the practice problems, and in Study 2 this measurement was only made after partici-
pants had received unequal treatments (i.e. they had worked on a different number of problems taken from
different sized problem sets).

In a world where people work a relatively fixed number of hours per day, however, the situation is likely to
be different. Rather than working until they feel adequately prepared, it is often the case that people put in a
fixed amount of effort and accept whatever output they have completed. Study 3 examined the impact of
problem set size under these conditions by holding performance constant and using a verbal assessment
of performance and preparedness as the dependent measure.

STUDY 3

Method

Overview

Participants were asked to solve a series of practice anagrams, with the objective of preparing themselves for
a real test that would ostensibly follow. They drew a number from a box that was used to randomly assign
them to one of two conditions: they worked on a practice problem set of either 15 anagrams (small problem
set condition) or 40 anagrams (large problem set condition). Participants were asked to work until an unspe-
cified time limit was reached. In fact, all participants were interrupted after completing 12 anagrams. Parti-
cipants were then asked to evaluate their performance on the practice test and their degree of preparedness
for the real test. It was predicted that participants in the small problem set condition would evaluate them-
selves more favorably than would participants in the large problem set condition.

Participants

Participants were 8 male and 19 female undergraduate students at the University of Tromsg, Norway. Each
participant was compensated for participating with an instant payoff lottery ticket worth 20 Norwegian
kroner (about $2.50).
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Procedure

The procedure was identical to that used in Study 2, with three exceptions. First, to avoid the possibility that
participants might use randomly drawn problem set sizes as a basis for inferring the distribution of numbers
they could have drawn and thereby the experimenter’s expectations concerning the amount of work they
should complete, participants were given false information about the distribution of the random numbers.
Specifically, participants were told that the slips of paper they could draw contained the values 10, 15,
20, 25, 30, 35, 40, 45, and 50, with an equal frequency for each value. Second, rather than being instructed
to work until they felt prepared for the real test, participants were instructed to work until the experimenter
stopped them after an unspecified time limit was reached. Finally, before being informed that there would be
no real test, participants were given a self-evaluation questionnaire. This questionnaire asked participants to
assess: (a) how well they thought they had performed on the practice test, (b) how good they were at solving
anagrams, (c) how prepared they felt to take the real test, (d) how well they thought they would perform on
the real test, (¢) how many practice anagrams they felt the average person would have solved under the same
testing conditions, and (f) how many anagrams they could complete on the real test within a 15-minute time
limit. Items (a) through (d) used 9-point rating scales, where a value of 1 indicated ‘adequate’ performance
(e.g. ‘performed reasonably well’) and a value of 9 indicated exceptional performance (e.g. ‘performed
extremely well”). Items (e) and (f) were free response measures. After completing the questionnaire, parti-
cipants were debriefed and dismissed.

Results

All analyses were first conducted with gender as an additional predictor variable. There were no significant
main effects or interactions involving gender, so gender was excluded from the final analyses. Preliminary
analyses indicated that participants in the small and large problem set conditions performed equally well in
terms of both time taken to solve the anagrams and number of hints required, F’s < 1.

Because the six self-evaluative items used different measurement scales, participants’ responses to all of
these items were standardized. The item assessing performance of the average person was reverse scored,
because lower values reflect positively on the participant (i.e. a low value for the average person implies that
the participant performed better than average). A Cronbach’s alpha of 0.80 indicated a high degree of internal
reliability among self-evaluative items (a) through (e), but including item (f) resulted in a substantial reduc-
tion in reliability (Cronbach’s alpha = 0.72). Consequently, the standardized scores on items (a) through (e)
were combined to form a single self-evaluation index, which was computed as the simple sum of the five
standardized scores. The raw value for item (f) was analyzed separately.

The self-evaluation index was used as the dependent measure in a one-way (problem set size: small or
large) between-subjects ANOVA. As predicted, participants in the small problem set condition (M = 1.63,
SD =3.75, n=13) evaluated themselves significantly more favorably than did participants in the large pro-
blem set condition (M = —1.51, SD=3.15, n=14), F(1,25) =5.58, p < 0.05. A one-way (problem set size:
small or large) between-subjects ANOVA also revealed that participants in the small problem set condition
(M =26.31, SD=9.20, n = 13) believed they could complete significantly more problems on the real test
than their large problem set counterparts (M = 16.79, SD =11.42, n=14), F(1, 25)=5.64, p < 0.05.

Discussion

Study 3 demonstrates that problem set size influences not only how much work one does before feeling pre-
pared, but also how prepared one feels after doing a fixed amount of work. This influence occurs despite the
fact that problem set size is clearly an invalid performance cue. What, then, are the limitations of this influ-
ence? Josephs et al. (1996) demonstrated one situation in which the influence of problem set size on judg-
ments of preparedness was attenuated: when these researchers made a valid performance cue (i.e. learning
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curve information) more accessible, the valid cue was used in preference to problem set size. This suggests
that the accessibility advantage of problem set size information might be an essential determinant of when
this information will be used.

But why do people prefer to use easily accessible cues even when they are not particularly valid? One
explanation might be the chronic dilemma faced by anyone trying to evaluate their performance on a task:
the person must evaluate herself at the same time she is performing the task. At least when the task is a
demanding mental task (e.g. anagrams or math problems), both the evaluation and the performance itself
can require a great deal of cognitive resources. Thus, it is possible that the performance of such a task inter-
feres with the accurate assessment of task performance. In fact, many experimenters have used manipula-
tions very similar to the anagram task in the present studies to impair participants’ judgment processes. Such
‘cognitive load’ manipulations have been shown to interfere with a variety of mental processes, including
impression formation (e.g. Newman et al., 1996), use of stereotypes (e.g. Gordon and Anderson, 1995), and
mood control (e.g. Wegner et al., 1993).

In effect, the anagram task in Studies 1-3 might have placed participants under cognitive load. This con-
tention is supported by the behavior of the participants in the first three studies: (a) none of these participants
showed any indication of evaluating their performance at any point during the practice test; and (b) during
debriefing interviews after completing the procedures, many participants commented on the high degree of
concentration required to solve the anagrams. This suggests the possibility that the cognitive demands of
solving the anagram task resulted in an overreliance on easily accessible evaluative cues such as problem
set size. Study 4 attempted to test this hypothesis by reducing the mental interference created by the anagram
task.

STUDY 4

Method

Overview

Participants drew numbered slips of paper from a box. Half of the paper slips were numbered 15 (small pro-
blem set condition) and half were numbered 40 (large problem set condition). After drawing a slip of paper,
participants were given a number of practice anagrams equal to the number they had drawn. They were asked
to work on these practice anagrams until they felt prepared to do well on a real test of their anagram solving
ability. In addition to the manipulation of problem set size, cognitive load was manipulated. In the cognitive
load condition, participants worked as in the first three experiments — they simply informed the experimenter
when they reached an adequate state of preparedness. In the no load condition, however, participants were
asked to stop after each anagram and consider whether they needed further preparation, thus interrupting the
flow of the anagram task to give them a better opportunity to evaluate their progress. We anticipated that this
interruption was likely to have side effects beyond reducing cognitive load (e.g. boredom with repeatedly
asking for more anagrams and increased feelings of pressure to stop the anagram task), and therefore
expected a main effect such that participants in the no load condition would solve fewer anagrams than
participants in the cognitive load condition. The critical prediction, however, was that problem set size
would have a greater influence on participants in the cognitive load condition than on those in the no load
condition.

Participants

Participants were 35 male and 28 female undergraduate students at the University of Tromsg, Norway. Each
participant was compensated for participating with an instant payoff lottery ticket worth 20 Norwegian
kroner (about $2.50)
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Procedure

For participants in the cognitive load condition, the procedure was identical to that used in Study 2. Half of
participants were randomly assigned to the no-load condition. There were two differences between the no-
load condition and the cognitive load condition: (a) prior to beginning the anagram task, the experimenter
instructed no load participants to consider whether they had reached an adequate state of preparation after
they finished each practice anagram, and (b) although the pile of practice problems was placed in front of the
participant as in previous experiments, the experimenter (rather than the participant) turned over each card to
reveal the next problem if the participant indicated that he or she needed to do more problems to reach an
adequate level of preparation.

Results
All analyses were first conducted with gender as an additional predictor variable. There were no significant
main effects or interactions involving gender, so gender was excluded from the final analyses.

A 2 (problem set size: small or large) x 2(cognitive load or no cognitive load) between-subjects ANOVA
was conducted with number of practice anagrams completed as the dependent variable. The predicted cogni-
tive load by problem set size interaction was significant, F(1, 59) = 10.80, p < 0.05 (see Exhibit 3), such that
problem set size had a greater effect on the performance of participants in the cognitive load condition than on
the performance of participants in the no-load condition. This analysis also revealed the anticipated main
effect for cognitive load, F(1, 59) =10.51, p < 0.05, such that no-load participants solved fewer anagrams
than their counterparts under cognitive load, and a main effect for problem set size, F(1, 59) =10.42,
p < 0.05, such that participants with large problem sets solved more anagrams than did participants with small
problem sets.

Planned comparisons showed that participants in the cognitive load condition solved significantly more
anagrams in the large problem set condition (M =29.61, SD=17.11, n = 18) than in the small problem set
condition (M =10.81, SD=4.78, n=16), F(1, 32)=18.02, p < 0.05, but that participants in the no-load
condition did not solve a significantly different number of anagrams in the large problem set (M = 10.77,
SD =9.89, n=13) and small problem set (M = 10.94, SD =8.74, n = 16) conditions, F < 1.4

A second 2(problem set size: small or large) x 2(cognitive load or nocognitive load) between-subjects
ANOVA was conducted with time spent working on the practice problems as the dependent variable. Again,
the predicted cognitive load by problem set size interaction was significant, F(1, 59) =12.56, p < 0.05, such
that problem set size had a greater influence in the cognitive load condition than in the no load condition (see
Exhibit 4). This analysis also revealed the anticipated main effect for cognitive load, F(1, 59)=7.85,

30 1
25 4

20 1 O Small Problem Set
15 4 H Large Problem Set

10 1
5

0 T
Load No Load

Exhibit 3. Effects of cognitive load and problem set size on number of anagrams solved in Study 4

“In the cognitive load condition, the standard deviations are much larger in the large problem set condition than in the small problem set
condition, making it appropriate to use nonparametric test statistics. For both number of anagrams solved and time spent solving
anagrams, Mann—Whitney U tests were also conducted and revealed the same effects as the planned comparisons shown in the main text.
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Exhibit 4. Effects of cognitive load and problem set size on time spent solving anagrams in Study 4

p <0.05, such that no-load participants spent less time working on the problems than their counterparts
under cognitive load, as well as a significant main effect for problem set size, F(1, 59) =8.75, p < 0.05, such
that participants with large problem sets spent more time working on the problems than did participants with
small problem sets.

Planned comparisons showed that participants in the cognitive load condition spent significantly
more time (in seconds) working on the anagram task in the large problem set condition (M =974.61,
SD =596.53, n=18) than in the small problem set condition (M =316.81, SD=199.76, n=16), F(l,
32)=17.64, p <0.05, but that participants in the no-load condition did not spend significantly different
amounts of time working on the anagram task in the large problem set (M =332.69, SD=335.15,
n=13) and small problem set (M =392.00, SD =303.61, n=16) conditions, F' < 1.

Discussion

The results of Study 4 are consistent with the interpretation that working on a task can interfere with the
judgment processes involved in evaluating one’s mastery over that task. The cognitive load group replicated
the results of the first three studies. These participants used the size of their practice problem set as a cue for
evaluating their performance, as demonstrated by the fact that they worked more problems and spent more
time when they had a large problem set than when they had a small problem set.

Conversely, participants in the no-load condition demonstrated that the invalid influence of problem set
size can be negated by periodically ‘stepping back’ and evaluating one’s progress on a task. These partici-
pants were not influenced by problem set size in terms of either the number of anagrams solved or the amount
of time spent working on the problem set. Importantly, the manipulation of cognitive load had no effect on
the performance of participants with small problem sets, ruling out the possible alternative explanation that
the load manipulation was such a distraction that it inhibited the performance of all participants.

Although the anagram task is very similar to tasks that have been used to manipulate cognitive load in
previous research, it might still seem a bit unorthodox to have used a manipulation of cognitive ‘un-load’ in
the present study. Some might suggest that what was really manipulated in the present study was reflection
time, and we wouldn’t disagree with this characterization. The point remains that participants who didn’t
spend time considering their progress on the experimental task relied heavily on the invalid problem set size
cue, whereas participants who did spend time considering their progress were not influenced by problem set
size, presumably abandoning it in favor of a more appropriate performance cue (cf. Josephs et al., 1996).

GENERAL DISCUSSION

Four experiments provided evidence for a metacognitive learning strategy based on problem set size. Parti-
cipants took less time and effort to reach a subjective state of preparedness, and rated their performance and
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preparedness more favorably when they worked on small problem sets rather than large problem sets.
This effect was observed cross-culturally, and across different combinations of problem set sizes. The
influence of problem set size was eliminated when participants evaluated their progress after each item in
the problem set.

The importance of these findings is perhaps best evaluated in the context provided by the literatures asso-
ciated with metacognitive skill acquisition and with human judgment and decision processes. With a few
exceptions (e.g. Bryson et al., 1991), metacognition research tends to portray people as skilled at identifying
and using good learning strategies while abandoning poor learning strategies. This portrayal has appeared in
a variety of learning domains, including reading (e.g. Daneman, 1991), writing (e.g. Bryson et al., 1991),
memory (e.g. Pressley et al., 1985), and general problem-solving (e.g. Kluwe, 1987). In contrast, the judg-
ment and decision-making literature describes a multitude of errors, biases, and shortcomings associated
with human decision-making (see Kahneman et al., 1982, for a review).

The research presented in the current paper can be viewed as a bridge between the metacognitive litera-
ture and the judgment and decision-making literature, rather than clearly fitting into either of these domains.
The problem being studied, the use of a particular metacognitive stopping strategy in skill acquisition, falls
within the domain of metacognition. On the other hand, the heuristic nature of the use of problem set size as a
stopping cue is more typical of judgment and decision-making research. Thus, we believe that the present
research contributes both to the judgment and decision-making literature, by demonstrating a novel judg-
ment heuristic and its application to skill acquisition, and to the metacognition literature, by documenting
a metacognitive stopping strategy that sometimes interferes with efficient skill acquisition.

The process of self-evaluation
The ultimate goal of research such as this is to fully understand the process of self-evaluation in a learning
context (e.g. the determination of when one has done enough to consider oneself adequately prepared). This
process, in general terms, has two components: (a) the set of strategies or cues used to make self-evaluative
judgments, and (b) the rules used to determine which of these strategies will be used in a particular instance.
The present studies suggest that problem set size is one cue that can contribute to self-evaluations, but
when will this cue be used? It seems clear that problem set size is not used simply because it is perceived to
be diagnostic—the random draw procedure should have made the non-diagnosticity of problem set size evi-
dent, yet participants continued to use problem set size as an indicator of their performance. Instead, we
believe that problem set size information is used primarily because it is easy to apply. In other words,
because problem set size (a) is based on simple, easily observable characteristics of the environment and
(b) requires essentially no mental effort to apply to judgments, it seems reasonable to postulate that ease
of application is an important factor leading to the use of problem set size information. As such, we propose
that problem set size is likely to be used as a metacognitive cue whenever other, more diagnostic cues cannot
be processed within the cognitive and motivational limitations of the performer. This interpretation is con-
sistent with the results of Study 4, in which participants were shown to be less reliant on problem set size
information when they were given more time to think about their progress. It is also consistent with Josephs
et al’s (1996) finding that when participants were given easier access to a better learning cue (learning curve
information), they abandoned problem set size information in favor of that cue. Further research is needed,
however, both to further clarify the conditions under which more or less diagnostic cues are accessed by
learners, and to identify exactly what these cues are.

Applications of judgment by problem set size
The judgment by problem set size strategy has straightforward applications to both business (i.e. employee
productivity) and education (i.e. test preparation) settings. However, the present research suggests that
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attempts at application might be more hazardous than they appear. The results of Studies 1, 2, and 4 indicate
that one way to increase performance on open-ended tasks is to increase the size of the problem set (e.g. by
assigning more tasks to a worker). However, the results of Study 3 suggest that, to the extent that time
or effort is held constant (e.g. an 8-hour work day or a I-hour study period), problem set size is negatively
related to feelings of performance and preparedness. As such, it is possible that repeated exposure
to increased problem set sizes could lead to chronic reductions in feelings of self-efficacy and self-esteem.
Such potential long-term effects should be carefully considered in any attempted application of these
findings.
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