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O
ne definition of implicit
learning is: “Information
acquired during a single
episode [that] can facilitate
performance on a number

of tests that make no specific reference
to the study episode….”1 Previous stud-
ies have attempted to demonstrate
implicit memory formation through the
use of perioperative suggestions, usu-
ally made via a set of headphones to an
anesthetized patient. These suggestions
were made in an effort to change the
behavior of the patient or to result in
some demonstrated alteration in physi-
ologic outcomes, such as less analgesic
use or decreased complication rate. The
concept of using subconscious sugges-
tion during anesthesia to result in
decreased morbidity postoperatively
seems to follow the same theoretical
construct as classical implicit learning.

There have been numerous studies of
the phenomenon of implicit learning in
anesthetized patients. The results of
these studies have been mixed. In a
study by Evans and Richardson,2 39
patients scheduled for elective hysterec-
tomy under general anesthesia listened
to either a blank tape or a tape contain-
ing 12 minutes of positive suggestions.
The patients who listened to the sug-
gestions had significantly fewer bowel
problems, less fever (measured in half
days), and a decreased postoperative
stay. Of particular interest is that of
those who heard the tape, 95% could
not remember hearing anything but
were correct in their estimation that
they did hear a tape, while only 55% of
the control group made the same state-
ment correctly.

Contrariwise, in a study of 70 patients
who listened to subconscious suggestion
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during breast biopsy, Oddby-Muhrbeck
and colleagues3 found no significant dif-
ference in recovery room nausea and
vomiting or nausea and vomiting when
patients were on the ward. They did find
significantly less recall of nausea and
vomiting in the suggestion group.

Myles and colleagues4 attempted to
use implicit learning to extinguish
smoking behavior in 363 patients receiv-
ing general anesthetics. All patients
expressed a desire to stop smoking, and
all patients heard taped suggestions
encouraging this behavior. At the end of
2 months, only 15% had quit smoking,
and this number dropped further still to
7% six months after the suggestions.
This compares unfavorably with nicotine
gum or patch success rates of 20%.

Other studies were designed to look
for verbal responses to cues or touching
behavior response to verbal cues.
Chortkoff and associates5 gave trivial
information to anesthetized volunteers
and also instructed them to touch their
noses and ears in response to verbal
stimuli. There was no significant differ-
ence in patients touching their faces or
in recall of trivial information. Interest-
ingly, the volunteers also were exposed
to “emotionally charged information,”
ie, a simulated operating room catastro-
phe, and asked if they had any recall
about the events. In a postevent hyp-
notic interview, a hypnotherapist
blinded to the study conditions cor-
rectly identified 9 of the 12 volunteers
who heard the drama. A more complete
review of these studies and studies sim-
ilar to them can be found in an article
by Haas.6

Another attempt to determine the
prevalence of this phenomenon was
based on the use of memory tests, such



206 AANA Journal/June 2002/Vol. 70, No. 3

as stem word completion. In these studies, rather than
attempting to elicit a specific behavior, researchers
wanted to determine whether patients exposed to
audiotaped aural stimuli had higher rates of identifi-
cation of those stimuli when measured postopera-
tively. One problem that was common to all of these
research studies, whether they dealt with behavior
changes or learning after aural stimuli, was the
absence of control of the depth of anesthesia.

Recent studies by Lubke and colleagues7,8 have
examined the concept of implicit learning while mon-
itoring the bispectral index (BIS) level. In the former
study, patients who underwent emergency cesarean
sections and were anesthetized to a BIS level of 40 to
60 formed no implicit memories as measured by a
stem word completion test.7 In the latter study, how-
ever, anesthetized trauma patients with BIS levels
between 40 and 60 formed implicit memories when
measured using the same type of test.8

In the present study, we addressed the confounding
variables of hearing acuity and baseline explicit mem-
ory ability. It is important to note that explicit memory
ability has not been determined to affect implicit learn-
ing, so we also sought to determine whether there was
a correlation between these 2 constructs. We used a
proprietary tool to determine explicit memory ability
in our patients before they underwent anesthesia. The
same tool was used to determine the level of implicit
learning that occurred and also was used to ensure the
absence of explicit recall.

Our attempt to determine the nature of this phe-
nomenon was greatly simplified by the development
of the BIS monitor. There are numerous articles deal-
ing with the BIS system,9-11 and a complete review of
the device is beyond the purview of this article. Bis-
pectral index monitoring is a noninvasive method of
determining the depth of hypnosis in anesthetized
and sedated patients. The BIS number ranges from 0
to 100. An awake subject will have a BIS number close
to 100, while a score of 0 corresponds to an isoelectric
(flat) electroencephalographic waveform. Between 0
and 100 there is a spectrum of hypnosis ranging from
deep general anesthesia to light sedation.12 A BIS
value below 50 or 60 has been associated with a very
low probability of response to a verbal command in
volunteers (a practical definition of unconscious-
ness). Though loss of recall may occur at a higher BIS,
the probability of recall has been shown to be very low
at BIS values below 70.

By using BIS monitoring, we were able to control
one of the most confounding variables involved in
research of this type: that of not being able to deter-
mine the depth of anesthesia among members of a

group and between groups as a whole. Our study
sought to determine whether implicit memory cues
would increase scores on matching tests in a group
who heard the suggestions at a BIS level of between 50
and 70 compared with a group who heard white noise
at a similar level.

Methods
The study was conducted at the Department of Veter-
ans Affairs Medical Center in Augusta, Ga. A trained
research assistant in the prescreening clinic performed
an initial memory assessment and hearing acuity
screening on 74 subjects. Patients who, on the morn-
ing of surgery, did not meet inclusion criteria based on
medication history or other exclusionary factors were
eliminated from the study. Other enrollees were not
included in the study due to cancellation of surgery.
These decisions were outside the control of the
research team. The final enrollment consisted of 40
subjects. Three additional subjects were not main-
tained in the study protocol due to difficulty maintain-
ing BIS level during emergence (n = 2) or inadvertent
administration of preoperative benzodiazepines (n =
1). The study was completed by 37 subjects, of whom
34 were men and 3 were women. The 2 groups were
not significantly different in age or in sex distribution
(Table 1). The patient population consisted of inpa-
tients undergoing general anesthesia for elective sur-
gery lasting more than 1 hour. A standardized anes-
thesia protocol was developed to eliminate drug
interaction variability in the results. Suitable subjects
were required to have hearing adequate for normal
conversation without a hearing assist device. All sub-
jects also met the following criteria:

1. No allergies to any of the agents in the protocol
2. ASA physical status III or less
3. No history of psychotomimetic drug use/abuse,

psychosis, posttraumatic stress disorder, central nerv-
ous system dysfunction, dementia, or memory deficits

After consenting to the study, patients underwent
hearing acuity testing in the preoperative clinic by lis-
tening to an audiotaped list of words that they

Group Age (SD)* No. (%) female

Control (n=16) 45.8 (12.3) 1 (6.2)

Experimental (n=21) 39.1 (8.0) 2 (9.5)

Difference .055 .131
(P value)

Table 1. Demographics

*Age tested via t test, and sex tested via χ
2
.
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repeated back to the test administrator. A 100% cor-
rect response rate indicated acceptable hearing acuity.

This study was unique in its attempt to measure
memory ability to determine its role as a potential
confounding variable. For this reason, potential sub-
jects were screened for memory ability before enroll-
ment in the study. Memory assessment of the patient
population was accomplished using the Memory
Assessment Scales (MAS; Psychological Assessment
Resources, Inc, Idessa, Fla)1 that test verbal and visual
memory capability. The results of the MAS provide a
computed number indicative of memory ability. This
number has been normalized over a large group of test
subjects, as well as by age and education level. This
proprietary test has been nationally normed and has
strong correlations to other tests of memory.13 Since
we were not interested in visual memory, only the ver-
bal test was used. The verbal test is composed of 5
subtests:

1. List learning: tests the subject’s ability to learn and
repeat 12 unordered spoken words (3 words from each
of 4 categories—birds, colors, cities, and countries).

2. Prose recall: tests the subject’s ability to remem-
ber details of a story that is read to him or her.

3. Second list recall: tests the subject’s ability to
remember the list of 12 words after having to concen-
trate on another task.

4. Delayed list recall: tests the subject’s ability to
remember the list of 12 words after a 20- to 30-minute
period. Following free recall, the subject was given a list
of matched pairs. One word in each pair was from the
learned list, and the other was a distractor. Each subject
was asked to circle the learned word in each pair.

5. Delayed prose recall: tests the subject’s ability to
remember details of the story that was read to him or
her after a 20- to 30-minute delay.

The generalizability coefficient (see Shavelson and
Webb14 for a complete overview of this concept and
its relationship to reliability) has been estimated at
0.82 for the list learning subtest, 0.80 for the list recall
subtest, 0.94 for the prose recall subtest, 0.86 for
delayed list recall subtest, and 0.93 for the delayed
prose recall subtest.13

In the preoperative clinic, following the hearing
acuity test, subjects were given the 5 verbal subtests of
the MAS. The MAS then was scored and compared
with established norms for the patient’s age and edu-
cation level. Since the MAS was first administered to
awake patients, we could determine whether subjects
had unrecognized memory deficits. Once again, we
were not certain whether explicit memory deficits
would affect implicit learning; however, we wanted to
determine whether such a correlation did, in fact,

exist. Patients then were randomly (and blindly)
assigned to either the experimental “audible MAS”
subgroup or to the control “white noise” subgroup.
The assigned nurse anesthetist performed a second
screening the morning of surgery to be certain the
patient met all screening criteria. The experimental
group patients who remained in the study listened to
the list and prose memory words while anesthetized
and received the delayed list and prose memory tests
once they were completely awake. The control group
patients listened to ocean sounds while anesthetized
and received the delayed list and prose memory tests
once they were completely awake.

This protocol required 2 equivalent forms of the
MAS test, one for preoperative testing and the other
for perioperative listening. Repeated attempts at
acquiring an equivalent form from the developer of
the MAS test were unsuccessful. Two of us (R.E.H.
and D.P.) devised an equivalent form by choosing
words from each of the 4 categories (birds, colors,
cities, and countries) that were different from the
original, yet easily identifiable as belonging to the
respective categories and equal in syllable count. An
equivalent story also was created that was similar in
word count, number of details, and action. To elimi-
nate bias based on the form, subjects were randomly
assigned to form type, with the alternative form used
perioperatively.

During preparation for surgery, the BIS monitor
sensor was applied to each patient’s forehead while the
patient was awake. The patient also was fitted with
headphones, and the volume on the playback device
was adjusted to the appropriate level. The headphones
then were removed, and anesthesia was induced with
propofol (1.0-2.0 mg/kg) or etomidate (0.2-0.4
mg/kg), fentanyl (3.0 µg/kg maximum), lidocaine
(0.5-1.0 mg/kg), and the clinician’s choice of neuro-
muscular blocking agent. The protocol excluded use of
benzodiazepines, droperidol, and ketamine due to
their potential effects on memory. Once anesthesia was
induced, it was maintained with inhalation agents
(isoflurane, desflurane, or sevoflurane) or propofol
infusion (25-100 µg/kg per minute), supplemented
with fentanyl and a 40% oxygen to 60% nitrous oxide
mix via a semiclosed breathing circuit based on the
clinician’s discretion. The use of BIS monitoring
allowed us to use the endpoint of 50 to 70 during
application of stimuli irrespective of agent used.

At 2 different times during the maintenance phase of
anesthesia, the headphones were placed on the patient’s
head. Patients in the experimental subgroup heard the
sound of a voice speaking the assigned verbal MAS
form consisting of a word list and prose memory stim-
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uli for a 5-minute period. The control group listened to
ocean sounds for 5 minutes. The listening intervals cor-
responded to the following: (1) 5 to 10 minutes after
the induction of anesthesia and the establishment of a
stabilized BIS level in the range of 50 to 70, and (2) 5
to 10 minutes before the end of surgery and the estab-
lishment of a stabilized BIS level in the range of 50 to
70. The BIS level was recorded on a laptop computer,
and the data were stored. A total of 74 separate record-
ings were made, one recording during the induction
period and one during the emergence period for each of
the 37 patients. Five sets of data were lost due to tech-
nical difficulties with the recording system; the remain-
ing 69 sets of data are enumerated in Table 2. There was
no significant difference between the BIS levels in the
experimental and control groups.

Emergence was effected with oxygen and narcotic
reversal, if required. Following surgery, when the
patient achieved a postoperative recovery score
(Aldrete scale) of 10, the 2 delayed verbal subtests of
the MAS (delayed list recall, delayed prose memory)
were administered without repeating the memory
stimuli words. Explicit memory formation (recall)
first was tested by asking the patients if they remem-
bered hearing any words or a story played to them
during their surgery. Implicit learning then was tested
by giving each patient the matched-pair portion of the
delayed list recall subtest. The patients were
instructed to circle the words they might have heard
during surgery. Correct responses would indicate that
they had learned the words during the perioperative
period in the absence of recall. Such learning was
assumed to have been implicit. Postsurgical testing
was conducted in the patient’s room. A research assis-
tant trained by the authors or one of the authors con-
ducted the preoperative and postoperative tests.

Statistical analysis
Since we were testing the influence of aural stimuli
(memory words versus ocean sounds) on the com-
bined score of the delayed memory subtests (depen-
dent variable), we used the Student t test to determine
the presence of a significant difference in posttest
scores between groups. The subjects were assigned
randomly to 1 of 2 aural stimuli groups. The null
hypothesis being tested was that the combined popu-
lation means for the delayed memory subtests were
equal for the experimental and control groups when
the stimuli were administered in the BIS range of 50
to 70. An alpha of .05 was deemed to be a significant
difference in test scores.

Results
The memory assessment scale (MAS) was adminis-

tered to all patients before their inclusion in the study.
The results of this test are provided in Table 3. All
these scores were generated on awake patients. There
was no significant difference in any of the scores
measuring verbal memory. The MAS also generates a
verbal memory percentile score. Figures 1 and 2 show
the distribution of the number of subjects occupying
each percentile tier. In the control group, 13 (81%) of
16 subjects fell below the 40th percentile, while in the
experimental group, only 12 (57%) occupied these
rankings. The difference in mean percentile rank
between the control and experimental groups was not
significant (P = .384).

The posttest scores were analyzed as a whole and
also by subcategory of the item (ie, cities, birds, colors,
and countries). Each of the subcategories contained 3
words; there were 12 words in the list as a whole. We
also were interested in determining whether any of the
words might generate more of a response than the oth-
ers. The results are found in Tables 4 and 5. Table 4
shows no significant difference between the total
scores of the control and experimental groups, nor is
there any difference between any of the category
scores. In Table 5 we show the analysis of the percent-
age of each patient group getting 0, 1, 2, or 3 correct
answers in any subcategory. There was no significant

Mean No. No.
Group BIS SD present missing

Control 51.1 1.1 37 3
(n=16)

Experimental 54.9 9.8 32 2
(n=21)

t test total 69 5

Table 2. Bispectral index (BIS) levels in experimental
and control groups*

*P=.1449 by t test.

Control Experimental
Group (n=16) (n=21) P

List recall score 8.0 (3.2) 7.6 (2.9) .71

Prose score 6.4 (2.6) 7.8 (2.5) .097

Total score 14.4 (3.9) 15.4 (4.4) .455

Verbal memory 85.8 (10.8) 88.6 (12.5) .461
score

Table 3.Memory assessment scale scores*

*All values are mean (SD).
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difference between the control and experimental
groups in any of the subcategories.

Table 6 shows the number of patients in each group
with a given number of correct responses (ie, number
of correct responses out of 12). There was no signifi-
cant difference between the groups at any correct
response rate. In Table 7, we show analysis of the
items themselves to ascertain whether the percentage
of correct responses was different in the control and
experimental groups. Item 5 showed a 100% correct
response rate on the part of the control group. The
word pair to which they responded was “robin-star-
ling” (form a) and “eagle-hawk” (form b). We have no
explanation for this response: none of our patients
expressed any evidence of recall, and these patients
did not receive a taped suggestion. The use of the term
“eagle” may have had certain semantic overtones
attractive to our patient population of veterans of mil-
itary service, but the 100% response to robin-starling
is inexplicable. The removal of this item from the test
did not affect the results of the study.

In a check of validity of our equivalent form of the
MAS, we examined the correlation coefficients of all

Percent Color City Bird Country
Group score P score P score P score P score P

Control (n=16) 64.1 (10.0) 1.8 (0.8) 1.9 (0.7) 2.2 (0.8) 1.9 (0.7)

Experimental 65.9 (13.7) .644 2.0 (0.8) .2631 2.1 (0.9) .4106 1.8 (1.0) .146 2.0 (0.7) .601
(n=21)

Table 4. Independent sample t tests comparing control and experimental groups*

*Percent score = percentage of correct answers on posttest (SD). Remaining scores are number of questions correct out of 3 (SD).

Number correct
Subtest/group 0 1 2 3 Sum (%)

Color†

Control 0 (0) 7 (19) 6 (16) 3 (8) 16 (43)
Experimental 1 (3) 3 (8) 11 (30) 6 (16) 21 (57)

Cities‡

Control 0 (0) 5 (14) 8 (22) 3 (8) 16 (43)
Experimental 1 (3) 4 (11) 8 (22) 8 (22) 21 (57)

Birds§

Control 0 (0) 3 (8) 7 (19) 6 (16) 16 (43)
Experimental 1 (3) 7 (19) 6 (16) 7 (19) 21 (57)

CountriesII

Control 0 (0) 5 (14) 8 (22) 3 (8) 16 (43)
Experimental 0 (0) 5 (14) 11 (30) 5 (14) 21 (57)

Table 5. Number (percentage) of each group getting 0,
1, 2, or 3 correct answers*

*For the control group, n = 16; for the experimental group, n = 21.
Percentages are based on n = 37.
† χ

2
= 4.86; P = .182.

‡ χ
2
= 2.759; P = .430.

§ χ
2
= 5.878; P = .118.

II χ
2
= 0.304; P = .859.
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anesthesia. Behavioral changes that might occur as a
result of unguarded conversation during the provision
of an anesthetic might result in postoperative harm to
the patient. These changes conceivably could occur
despite the lack of explicit recall.

No evidence of implicit learning was found in
experimental subjects maintained at BIS levels of 50
to 70 during the administration of aural stimuli under
general anesthesia. It is important to note that
patients were maintained at a BIS level of 50 to 70
only during the periods that the taped message or
white noise was being played, not during the entire
surgical procedure. Our population, however, may not
be representative of the population as a whole. For
example, our patients had rather poor explicit mem-
ory ability. Only 3 of 37 patients ranked above the
50th percentile in memory ability. It does not seem
from our data, however, that explicit memory has any
correlation with implicit memory formation during
general anesthesia. In fact, in the experimental group,
our data tended toward weak (but insignificant)
inverse correlations. We were careful to screen
patients for hearing acuity, the use of antipsychotic
medications, and the use of benzodiazepines that
could have resulted in amnesia. In our population,
there was no difference in implicit memory formation
between the control and experimental groups when
administered aural stimuli during general anesthesia
at a moderate hypnotic BIS level of 50 to 70.
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Correlation coefficients
List Prose Total (list Verbal memory Percentile Post-test
recall memory and prose) (scaled score) rank score

Categories EXP CON EXP CON EXP CON EXP CON EXP CON EXP CON

List recall — — .311 –.112 .841 .756 .828 .737 .746 .665 –.263 –.166
(.170) (.681) (.000) (.001) (.000) (.001) (.000) (.005) (.250) (.538)

Prose memory 1 (na) 1 (na) .775 .566 .784 .581 .751 .596 –.263 –.177
(.000) (.002) (.000) (.008) (.000) (.015) (.249) (.511)

Total (list and prose) 1 (na) 1 (na) .996 .994 .923 .945 –.324 –.254
(.000) (.000) (.000) (.000) (.151) (.342)

Verbal memory 1 (na) 1 (na) .952 .961 –.316 –.268
(scaled score) (.000) (.000) (.163) (.315)

Percentile rank 1 (na) 1 (na) –.327 –.271
(.148) (.311)

Posttest score 1 (na) 1 (na)

Table 8. Correlations of scores for experimental group (n = 21)

Cells are Pearson correlation coefficient (significance [P value]).
CON = control group
EXP = experimental group


