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Test anxiety and implicit memory

J. H. MUELLER, M. J . ELSER, and D. N. ROLLACK
University of Calgary, Calgary, Alberta, Canada

Subjects classified as high or low test-anxious received a standard free recall test as a direct
test (explicit memory) following a stem-completion indirect test (implicit memory). As usual, anx
ious subjects recalled less on the direct test, but were equivalent to low-anxiety subjects on the
indirect test. This seemed to be general across anxious-nonanxious words and positive-negative
words. The results are consistent with a blockage view of the test anxiety deficit, whereby anx
ious subjects know things they may not recall on a direct test.

The effect of arousal on performance has been of interest
to psychologists and educators for many years (see, e.g.,
Eysenck, 1982; Mueller, 1992). One of the most general
observations is that the relation between arousal level and
performance can be expressed in terms of an inverted-U
function, with optimal performance occurring at intermedi
ate levels of arousal and worse performance at either very
high or very low arousal. Arousal can be conceptualized
in a variety of ways-as a chronic condition (trait) or as
something that is situationally driven (state), as having a
well-defined origin (e.g. , math anxiety), or as being gen
eral and unfocused. In the case of test anxiety, the con
sensus (see, e.g ., Morris, Davis, & Hutchings, 1981) has
emerged that it comprises two components-heightened
emotionality, and task-irrelevant cognitive activity or
"worry." Instruments such as the Test Anxiety Inven
tory (Spielberger, 1980) have been developed to assess
these two components, and thus to establish the nature
of their separate connections with the performance deficit.
In general, when a test-anxious person performs poorly,
the presumption is that it is the irrelevant thoughts that
either compete with task-relevant behavior or use up lim
ited processing resources, whereas emotionality per se has
less negative impact. This characterization seems consis
tent with the evidence, especially when performance is
measured in terms of global indices such as semester grade
or grade point average (see, e.g., Hembree, 1988).

A portion of the high-anxiety performance deficit may
be attributable to activities during the test-specifically,
to self-critical or other misdirected thoughts that interfere
with task-relevant activity (see, e.g. , Sarason, Sarason,
& Pierce, 1990). However, in addition to this "output"
problem, the presence of anxiety during study may bias
the type of information that is encoded or stored. For one
thing, it seems that arousal during study often encourages
the learner to attend to superficial features of the ex
perience at the expense of deeper features, and that it tends
to produce more restricted rehearsal strategies (see, e.g.,
Mueller & Courtois, 1980).

Correspondence can be sent to J. H. Mueller, Educational Psychol
ogy Department, University of Calgary, Calgary, AB, Canada TIN
IN4 (e-mail: mueller@acs.ucalgary.ca) .

A common complaint by students is that " I knew the ma
terial, but tensed up and couldn't remember it during the
exam"-which is sometimes referred to as the "blockage
hypothesis" (see, e.g., Covington & Omelich, 1987). This
may sometimes be a face-saving alibi (a relabeling as "test
anxiety" of what is truly a problem in "study anxiety"),
but it surely is a veridical self-report in many cases. In fact,
we have all experienced momentary retrieval failures pos
sibly even unrelated to test anxiety, lending credibility to
the general idea that we often do know things that we are
at least temporarily unable to explicitly remember or per
form. Contemporary work in cognitive psychology often
identifies this as context- or cue-dependent retrieval, on
the presumption that restoring the original context will
facilitate retrieval (e.g., Baddeley, 1982; Tulving , 1983).

A number of strategies have been employed for dealing
with subjects' test anxiety, including relaxation training,
training in avoiding self-critical or other irrelevant think
ing, coaching in various examination skills designed to en
hance test-wiseness, and general training in study habits
or skills. When the problem persists, other techniques can
be used to accommodate the problem, such as allowing the
anxious student to retake exams without penalty, but these
often present logistical or other practical problems and pos
sibly raise concerns about pedagogical equity.

The research strategy to be employed here is to com
pare different types of tests, on the hypothesis that infor
mation that is not apparent during one test format will
manifest itself on another. Historically, such a strategy
might have involved comparing a recall (e.g., essay) test
format to a recognition test (e.g. , multiple choice), on the
argument that the recognition test is easier (or minimizes
retrieval) , and that test-anxious subjects might thus be less
threatened and might do as well as low-anxiety subjects .
This generally has not worked very well , because the rec
ognition test format still requires explicit performance
(i.e., it is still obviously a " test" ). Instead , our strategy
is to use indirect tests instead of direct tests , whereby it
may be possible to validate the presence of knowledge
that is temporarily inaccessible because of the activation
of evaluative anxiety when the test involves a direct probe.

This strategy draws on the distinction that has been made
between implicit and explicit memory (see, e.g. , Lewan-
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dowsky, Dunn, & Kirsner, 1989; Roediger, 1990). The
concept of implicit memory draws on the idea that many
activities are performed automatically, without the deliber
ate calling of specific algorithms to mind. In fact, we are
often unable to describe in much detail how we do such
things, and furthermore, for many highly skilled activi
ties, it actually seems that conscious attention to one's be
havior can degrade performance. Insofar as these phenom
ena indicate learning that defies deliberate remembrance,
some less direct task must be used, one that disguises or
even discourages explicit recall. In the laboratory, a direct
test might consist of free recall, whereby after studying
a set of words (e.g., capable, harm, etc.) subjects are sim
ply required to write them down in any order they choose.
However, an indirect test might involve fragment comple
tion following study, presented as a word game or some
incidental task, so that for the three-letter stem cap-, im
plicit memory would be shown when subjects produced
a word in the list (capable, as opposed to captain, etc.).

Indirect tasks require subjects to utilize knowledge with
out their directly being asked for it, and thus information
is shown to be available even when it appears to be miss
ing by conventional means. It is not that the indirect tests
are just easier in the conventional sense, but that they pro
vide the retrieval cue in a different and more effective
manner. Studies have shown that although brain-damaged
subjects differ from normals on traditional direct mem
ory tests, there is often little difference between them on
tests of implicit memory (e.g., Warrington & Weiskrantz,
1970). Lorsbach and Worman (1990) have obtained re
sults that suggest a similar outcome for learning-disabled
students. Analogous results have been obtained for nor
mal subjects as well, where the effect is generally termed
"dissociation," to indicate different results for implicit
and explicit tests.

The critical question for us is whether indirect tests will
show that test-anxious subjects actually do know things that
they are unable to retrieve on a formal, direct test. The
research to date is limited and inconclusive. Mathews,
Mogg, May, and Eysenck (1989)compared cued recall (ex
plicit memory) and word completion performance (implicit
memory) in clinicallyanxious subjectsand normal subjects,
using both threatening and nonthreatening words . Their
purpose was to establish threat monitoring differences in
these groups. Considering just the neutral content in their
study, currently anxious subjects seemed to do somewhat
worse on both explicit and implicit tests. For the threaten
ing material, currently anxious and normal subjects did not
differ on the direct test, but the anxious subjects were
clearly better than normals on the indirect test. Richards
and French (1991) replicated the finding of a dissociation
between implicit and explicit memory tests, but the pat
tern by anxiety level was not quite the same as that found
by Mathews et al. (1989). Thus, in neither case was the
pattern precisely the ideal result that would be required for
one to conclude that an indirect test effectively revealed
material blocked by a direct query . Such a pattern would
require that high-anxiety subjects do worse than normals
on the direct test, and then do as well on the indirect test.

It could be that results depart from this ideal because of
complexities associated with the use of clinically anxious
subjects, or the mixture of neutral and threatening mate
rial in the study sets may be a problem.

In the present experiment, we explored direct as opposed
to indirect tests as a way of better understanding the prob
lems faced by the test-anxious student. Subjects studied
a set of words while performing some orienting task that
prevented a test expectancy; then the subjects were given
an indirect stem-eompletion test followed by a direct free
recall test. We incorporated as an added dimension of the
to-be-remembered materials anxiety-relatedness, with half
the words related to the anxiety state and half unrelated.
Whereas previous research on test anxiety had assessed
its effects on explicit memory only in direct tests, we
sought to determine whether such effects would also be
present for implicit memory as well. Although the test
anxiety deficit is well established for explicit memory,
whether it would also occur for indirect tests was a matter
yet to be determined. If the outcome here should follow
that with amnesiacs, we would find that explicit memory
differences between high- and low-anxiety subjects would
be reduced on an indirect test, which would implicate an
output basis for the test-anxiety deficit (e.g., task
irrelevant behavior and other blocking mechanisms). The
prospect that the anxiety deficit might be partially due to
a study-test context mismatch (see, e.g., Mueller, Len
hart, & Gustavson, 1989) is broadly compatible with the
notion of transfer-appropriate processing that seems impli
cated in many experiments on indirect tests (cf. Roediger,
1990). That is, the implicit test format might be a very
effective way of assuring the matching of study and test
context , which might be more of a problem for anxious
than for low-anxiety students .

Ofcourse, there is evidence to indicate that anxious sub
jects also do encode different features than is the case for
low-anxiety subjects. Therefore, if the test anxiety deficit
should continue to show up on an indirect test as well, this
could implicate some type of storage difference for anx
ious subjects. If so, an implicit test would simply show a
smaller test-anxiety deficit than would an explicit test, with
the residual difference remaining on the implicit test being
due to actual storage differencesunder highand low anxiety.

METHOD

Subjects
The subjects were 116 college students (39 male, 61 female; balance

unclassified), recruited from undergraduate university courses, and paid
$5 for the session .

Materials
The experimental items were 48 terms divided into four categories

of 12 each: anxious-negative, or high-anxiety exemplars (e.g., anxious,
irritable, nervous, tense); anxious-positive , or low-anxiety exemplars
(e.g., calm, confident, relaxed, secure); nonanxious-negative (e.g .,
crude, dishonest, hostile, ungrateful); and nonanxious-positive (e.g . ,
friendly , fair , sincere, polite).

Procedure
The 48 items were presented in random order for study, with sub

jects making an impersonal orienting decision for each one ("Are most



Table 1
Average Recall by Item Category for High and Low Test-Anxious
Subjects on Direct (Explicit) and Indirect (Implicit) Memory Tests

Test

Item Content

Anxious-positive
Anxious -negative
Nonanxiou s-positive
Nonanxious-negative

Total recall

Explicit

High Low

1.83 2.27
1.56 2.40
1.65 2.29
1.81 2.13

6.85 9.09

Implicit

High Low

5.06 5.36
5.10 5.18
4.65 4 .95
4.62 5.31

19.43 20.80
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on amnesiacs (e.g., Warrington & Weiskrantz, 1970). In
the case of test-anxiety subjects, it can be argued that an
indirect test does not evoke the task-irrelevant processing
that is said to handicap test-anxious students. As a result,
the indirect test allows subjects to display information that
would otherwise be blocked on a direct test. Although this
is an intriguing result, it bears replication in a between
subjects format and with additional forms of indirect tests.
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