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Abstract

Wearables are frequently designed to support users en-
gaged in complex “real world” activities, ranging from food
inspection to ground combat. Unfortunately, wearables
also have the potential to interfere with the very tasks they
are designed to support, either by distracting the user or
providing them with misleading information.

In 2002 we published a pilot study suggesting that a
subliminal visual cuing system might be an effective low-
attention interaction strategy for just-in-time memory sup-
port. In this paper we present the results of a larger study
demonstrating that not only is wearable subliminal cuing
significantly effective (increasing performance by a factor
of approximately 1.5, p = 0.02), but even incorrect sublim-
inal cues can actually improve performance. By contrast,
consciously-visible incorrect cues caused performance to
degrade.

1. Introduction

An HCI designer expecting a desktop environment can
assume that the user is probably sitting down someplace
safe, with few extraneous stimuli competing for their at-
tention. By contrast, interaction design in the wearable-
computing domain must take far more into account. The
user may be driving a car or engaging in combat, and such
other tasks will divide their attention and limit their re-
sources for interacting with the computer.

Wearable computing applications are frequently in-
tended to provide support for complex real-world activities,
from food inspection[14] to service and maintenance[24]
to military command and control (SAAB WISE project,
US Army Objective Force Warrior program). However, the
use of such wearable task-support applications can interfere
with the performance of the very task they are designed to
support. They can be distracting, taking too much of the

user’s attention away from the task at hand. Or they can ac-
tively misdirect the user, giving wrong information or bad
advice.

The risk of misleading the user is one task-support ap-
plication designers should not ignore. Real-world environ-
ments are complex, and the information available to wear-
able task-support applications is likely to be limited and im-
perfect.

Unsurprisingly, our research suggests that presenting the
user with incorrect information can result in a decrease in
task performance. However, in at least some cases this
effect may actually be inverted — improving user perfor-
mance even when the computer’s cue is incorrect — if
the cue is presented subliminally, rather than consciously
visible. (We discuss this surprising result further in Sec-
tion 4.7.1 below.)

More complex than the problem of misdirection is the
problem of divided attention. Contemporary theories of
attention[4, 25] are based on finite resources of perception
and cognition. Simultaneous tasks that require conscious
attention compete for a person’s limited attentive resources.
The tasks interfere with one another, and the person’s per-
formance suffers on all of the tasks.

Interference issues are particularly problematic for wear-
able task-support applications. As the complexity of the
real-world task increases, so does the need for task support.
But at the same time, the user’s capacity for attending to
a task-support application decreases. Effective support is
hardest when the user needs it most.

Task interference by a support application can be mit-
igated by reducing its perceptual or cognitive demands.
One important technique for reducing interaction complex-
ity is context awareness. This is the use of non-explicit
user and environmental input, typically acquired through
sensors[16, 3, 22]. Context awareness can reduce, or in
some cases eliminate, the need for explicit user input for
some applications.

However, context awareness can only directly address
half of the interaction problem — the part about getting in-
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formation into the application. Getting information out of
the application and into the user still presents substantial
perceptual and cognitive demands. While context aware-
ness can help a wearable to determine what kind of re-
sources a user currently has available — are they driving
a car, or sitting in their office? — it must still present its
information somehow, or it will fail to be of use.

Such demands can be lessened by reducing the complex-
ity of information displays and reducing the amount of in-
terpretation required by the user [28, 27]. However, any in-
teraction strategy that requires user perception of computer
output will necessarily require the kinds of processing that
can interfere with the performance of the real-world tasks.
This is unfortunate, because it implies that task interference
is an inevitable part of task support. Or is it?

2. Subliminal Task Support

Our suggestion is that it is possible to substantially and
significantly improve task performance through the use of
a wearable subliminal cuing system without the conscious
attention or awareness of the user.

We published a pilot study[5] that suggested that this
might be possible. In this paper we describe the results of
a larger study and compare this to our pilot, with particular
emphasis on task interference.

3. Cognitive Science

This research has been grounded in cognitive and per-
ceptual psychology. In this section we discuss that context,
and in succeeding chapters discuss our own experimental
design and results.

The reason we must discuss the primary cognitive and
perceptual psychology sources and not an established lit-
erature of subliminal HCI is that there isn’t one. Aside
from our own pilot, we have only been able to locate one
other publication of any note about subliminal task support
in software. It dealt with desktop HCI and was published
in 1991 (F. Layne Wallace, et al. “The Effect of Subliminal
Help Presentations on Learning a Text Editor,[26]).

3.1. Attention

Contemporary theories of attention began with Broad-
bent’s “Early Selection Theory” in 1958[2]. This model
proposed that while all stimuli are analyzed at a physical
(nonsemantic) level, only attended stimuli are processed
further. “Late-selection” models, such as the one proposed
by Deutsch and Deutsch[4], were developed in response to
mounting evidence of high-level semantic interpretation of
unattended stimuli, such as the ability to accurately shadow

a message that jumped back and forth between ears in a di-
chotic listening task based on semantic content[8].

Modern theories of attention have moved beyond the
early- vs. late-selection debate. The evidence now generally
supports a compromise “attenuation” theory[25], in which
filtering attenuates, but does not prevent, the processing of
unattended stimuli. Current research focuses on the fine-
grained attentional aspects of different perceptual modes
and tasks — see [17] for a discussion of contemporary at-
tention research.

3.2. Unconscious Cognition

“Unconscious cognition” is essentially the processing of
information by the brain in ways that do not require or pro-
voke the awareness that the processing is occurring.

In “A New Look: 3,” Greenwald observes that uncon-
scious cognition is solidly established in empirical research,
though in a form substantially different from (and simpler
than) that put forward by classic psychoanalytic theory[9].

High-level semantic processing of unattended stim-
uli provides strong evidence for unconscious cognition.
Further evidence lies in the phenomenon of automatic
processing[20]. Highly practiced skills, such as word read-
ing in literate adults, appear to be automatic and parallel, in
that little demand is placed on attention or short-term mem-
ory. (Other examples include many aspects of driving, or
playing a musical instrument.) Controlled processing is just
the opposite — it places demands on attention and short
term memory, and is highly serial.

Once a processing task becomes automatic, it may also
be inevitable, in that it will always occur when an appropri-
ate stimulus is presented. This is illustrated by the Stroop
effect[23], which is a classic: when subjects are shown a
color word (for example the word “green”) printed in ink of
a different color (for example, blue ink), they find it very
difficult to say the name for the ink color aloud (“Blue.”)
rather than reading the word (“Green.”). Processing the
word as written language is inevitable, even as it interferes
with the consciously-selected controlled processing task of
naming the color of ink.

3.3. Subliminal Perception

Stimuli can be divided into three categories, based on
their availability to attention:

1. the consciously-perceived,
2. the perceptible-but-not-attended-to, and
3. the subliminal.
Subliminal stimuli are those which fall below the sub-

ject’s threshold of awareness. They may be presented for
very short duration, at very low intensities, at frequencies
outside the range of conscious perception, or hidden behind
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a “mask” of other stimuli[11]. An important aspect of sub-
liminal stimuli is that they cannot be attended to; they are
not available for conscious perception. If a person can’t
consciously perceive something, they cannot choose to di-
rect their attention towards it.

But the fact that such stimuli cannot be attended to does
not mean that they do not get processed by the brain in ways
that affect subject performance. Deutsch and Deutsch[4]
and Treisman[25] observed high-level semantic processing
of unattended stimuli. Von Wright et. all[29] and Govier
and Pitts[7] found that subjects were capable of discrim-
inating between alternative meanings of unattended stim-
uli that the subjects were not consciously aware of. Fur-
ther, Dixon[6] and Groeger[10] have shown that sublimi-
nal stimuli may be subject to high-level semantic, memory,
and emotional processing, as in the case of “perceptual de-
fense” — the selective inhibition of conscious perception of
disturbing or embarrassing material.

3.4. Subliminal Cuing for Wearable and Mobile Ap-
plications

Marcel[12, 13] used masked visual stimuli to show that
subliminal stimuli have semantic-level priming effects. We
use a similar procedure to investigate the effect of sublimi-
nal visual cues in support of a memory task.

Our operational definition of a cue is a stimulus that we
intend to affect the user’s performance on a memory task.
An overt cue is a cue that can be consciously perceived and
reported by the user. A subliminal cue is a cue that cannot
be consciously perceived or reported. Both overt and sub-
liminal cues may produce measurable effects on task per-
formance. In another axis, cues may also be correct relative
to the task at hand, or they may be miscues that are contex-
tually inappropriate.

In 1991, Wallace showed that subliminal cuing de-
creased reliance on online help in a desktop-computer text
editing task application[26]. In essence, this was a use of
subliminal cues in support of a memory task. Subliminal
cues were shown to affect the subjects’ conscious use of
overt cues.

Since Wallace, little work has been done since to explore
the use of subliminal cuing in the domain of human com-
puter interaction. This may be because the common use
of modern desktop computers, with their high-resolution
displays and their users seated on chairs and concentrating
upon the screen, provide a very large quantity of available
interaction bandwidth. In such a context, there is little need
to reduce the attentive demands of the interaction.

As we explained earlier, issues of divided attention are
of much greater concern in wearable task-support applica-
tions. A common purpose of such applications is mem-
ory support, and indeed much effort has already gone

into designing wearables (such as CMU’s VuMan series)
that provide checklist-style memory support[21]. Jennifer
Ockerman[15] refers to these systems as task guidance sys-
tems, and describes over-reliance problems that can result
from their use. For example, an over-reliant user may get
caught up in the minutiae of following the list, and lose
sight of their original intent. A more effective task-guidance
system would support the user’s memory of the procedure
without interfering with the task, potentially reducing or
eliminating over-reliance problems. Subliminal cues might
be a good mechanism for providing that.

3.5. Subliminal Cuing and Attention

The automatic nature of subliminal perception means
that the processing of subliminal cues should not distract the
user’s attention, nor interrupt any consciously-controlled
cognitive processing tasks. Therefore, subliminal cues
should have a minimal effect on the user’s overall cognitive
load.

The rapid, parallel nature of automatic processing and
lack of conscious distraction associated with subliminal cu-
ing leads us to believe that the use of a “subliminal chan-
nel” for memory support could be of great value in circum-
stances where overt cues would be distracting, inappropri-
ate, or otherwise undesirable.

3.6. Miscues and the Stroop Effect

The existence of Stroop effects demonstrates that auto-
matic cognitive processes can interfere with consciously-
controlled processes. (As described earlier, the classical
example involves presenting a subject with a word like
“green” written in blue ink, and asking them to report the
ink color[23].) Can inappropriate cues, be they subliminal
or consciously perceived, interfere with memory retrieval
or other cognitive processing? This is a very important is-
sue for the design of task-support applications. If the ap-
plication makes a mistake, what will that do to the user’s
performance?

4. Subliminal Memory Support Experiment

In order to investigate the questions raised in the previ-
ous section, we conducted a just-in-time memory support
experiment employing subliminal visual cues delivered us-
ing a head mounted display. This experiment was designed
to simple enough to analyze, but close enough to a “real
world” task that the applications would be clear. To the best
of our knowledge, our work is the first to investigate sub-
liminal cuing as a human-computer interaction technique
for wearable computing.
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4.1. “Social Memory Assistant” Scenario

We chose as our concept a just-in-time memory support
application to improve the user’s memory of face/name as-
sociations — a common task in social settings, and one
many people find difficult. Further, we assume that process
by which our memory support application identifies people
may be unreliable; a reasonable assumption given the cur-
rent limitations of face recognition technology.

Our experiment is intended to begin to investigate the
feasibility of constructing such a “Social Memory Assis-
tant” application using subliminal visual cuing. In this ex-
periment we use a wearable computer and head-mounted
display to deliver just-in-time memory support cues, some
of which are wrong. However, careful testing of memory
effects is difficult, and we chose to use a desktop computer
as a stand-in for the actual social interaction.

By using a desktop computer for the presentation and
testing, we were better able to control for non-experimental
conditions than would be possible given a more “real world”
setting for this task, such as introducing the subject to a
room full of people. However, an obvious limitation of this
design is that its highly structured nature is not necessarily
a good match for the realities of a cocktail party. We hope
to address this in future work.

4.2. Experimental Hypothesis

We are interested in investigating the effect of an unre-
liable subliminal memory aid — one that will occasionally
(or frequently) mis-identify a situation and provide an in-
correct cue. For this reason we are interested in comparing
recall performance under three experimental conditions: no
cues (unassisted), correctly cued (assisted), and incorrectly
cued (mislead).

The inclusion of incorrectly cued recall as an experimen-
tal condition is important for two reasons. First, we assume
that any real memory support application will have to op-
erate with imperfect information, and errors are inevitable.
Our pilot study suggested that consciously perceived incor-
rect cues can interfere with memory recall, but subliminal
cues may not. In any case, it is important to investigate the
impact on performance caused by incorrect cues. Second,
subject performance on miscued trials provided corroborat-
ing evidence for conscious (non-subliminal) perception of
cues in our pilot study[5] and helped us design genuinely
subliminal cues for this experiment.

We hypothesized that our subjects would do better on the
correctly cued memory trials than the uncued trials, i.e. we
expected the effect of the correct cues would be positive.
We further hypothesized that that subjects would do no bet-
ter, and perhaps slightly worse, on the miscued trials, i.e.
we expected the effect of the miscues to be zero, or slightly

negative.

4.3. Procedure

Each subject was assigned to a single trial sequence (see
below) and oriented. Subjects were informed of the na-
ture of the memorization task and the presence (but not the
method, content, or correctness) of subliminal cues. Sub-
jects were instructed to do as well as possible on the mem-
ory trials, and to guess rather than leave a trial unanswered.

After orientation and signing the consent form, subjects
donned the monocular MicroOptical QVGA clip-on head
mounted display (see below) and were instructed on its
proper position and orientation. The display was oriented so
that it would appear centered in the subject’s field of view
when they looked at the desktop computer display.

Each subject was given two minutes to memorize
twenty-one name-and-face pairs. The name/face pairs were
presented as a web-page in a seven-by-three grid. The du-
ration was timed automatically.

The names were chosen at random from a list of histor-
ically popular American women’s names, and pictures of
women were chosen at random from the FERET[18] face
database. (Women were chosen for stimuli because there is
more variation in women’s names than in men’s.)

After the memorization period there was a brief pause,
during which the subject indicated that they were ready
to proceed. Then the memory trials began. In each trial,
he subject was shown one face from the memorization set,
and attempted to produce (type) the associated name. Each
memory trial was ten seconds in length, and the subjects
could answer anytime during that period.

During the memory trials, the subject might or might not
receive a subliminal cue on a separate head-mounted dis-
play, and this cue might or might not be correct (see below).
The cues would occur once per second during the ten sec-
onds that the subject had in which to produce the name –
hence the “just-in-time” nature of the memory support.

After all trials were completed, the subject was given a
questionnaire to complete and the protocol was finished.

4.3.1 Design Overview

Our experiment was designed for within-subjects analysis,
employing three experimental conditions: uncued, correct
cues, and incorrect cues. For each of the three conditions,
the subject was presented with seven memory trials, result-
ing in a total of 21 memory trials per subject.

We knew that some names and faces would be more
memorable than others. To control for this effect across
subjects, we created three sequences of memory trials to
balance the use of a particular name and face across the ex-
perimental categories. Thus, the total number of subjects in
our data analysis, 21, is also divisible by three.
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The number of subjects equaling the number of faces in
the trials is simply a coincidence, and not an important fea-
ture of the design. In fact, a total of 28 subjects were run. 4
runs were discarded for protocol violations (such as the ex-
perimenter failing to actually put the wearable on the sub-
ject). 3 more were discarded so as to balance the number
of subjects across sequences (see below); in these cases the
first valid runs were used for the analysis.

Because we used a within-subjects design, we are able
to examine the effect of the experimental conditions on a
particular subject’s performance. For example, we can say
that a particular subject did two questions better on correctly
cued memory trials than uncued memory trials. More im-
portantly, we can analyze this within-subject effect across
subjects, allowing us to control for individual differences in
memorization skills.

4.4. Memory Trials

The trials were divided into three conditions of seven tri-
als each per subject:

Condition “n”: uncued trials,

Condition “C”: correct subliminal cuing,

Condition “X”: misleading subliminal cuing.

In “n” trials, no subliminal cuing occurred. This was the
control condition. In “C” condition trials, correct sublimi-
nal cues were provided (see technique described below). In
“X” condition trials, misleading cues were provided using
the same technique as the “C” condition trials.

To balance the design, each of the 21 faces was
randomly assigned a common name, and then ran-
domly grouped into three groups of seven faces: “I”,
“II”, and “III”. We generated three sequences of tri-
als, labeled Sequence 1, Sequence 2, and Sequence 3.
In each sequence, the face groups described above
were assigned to experimental categories in rotation,
i.e.: Sequence 1 n = I , C = II , X = III .

Sequence 2 n = II , C = III , X = I .
Sequence 3 n = III , C = I , X = II .

The result was three balanced sequences of 21 trials each.
The order of the trials was randomized and then sorted such
that no more than two successive trials of any condition
were present in any sequence.

Subjects were assigned a trial sequence on a rotating ba-
sis, such that one third of our subjects experienced each trial
sequence. In this way, the experiment was balanced so that
each face appeared in each condition for a third of our sub-
jects. Further, the different ordering of the sequences pro-
vided controls for primacy and recency effects.

4.5. Equipment

Memorization and testing were conducted using a con-
ventional desktop display and keyboard. Subliminal cuing
was provided by a head-mounted display worn on the sub-
ject’s own eyeglasses, or blank optical-quality glasses for
subjects who did not wear glasses. The head mounted dis-
play was worn during the memorization period as well as
during the memory trials, but only active during the tri-
als. The subliminal output device was was a MicroOpti-
cal QVGA clip-on head-mounted display driven by custom
display hardware on the MIThril 1000 wearable computing
system.

Figure 1. MIThril BSE Dock video driver hard-
ware and MicroOptical QVGA clip-on display

We designed this hardware, shown in Figure 1, to pro-
vide complete control of all display parameters, including
the timing and sequencing of backlights. This allowed us
to precisely control the duration of the subliminal cuing
frames (described below) and to adjust this parameter inde-
pendently of the duration and sequencing of other display
information.

The detailed control provided by this video hardware al-
lows us to precisely calibrate the duration and intensity of
subliminal cuing frames. We hypothesize that by adjusting
these for individual subjects, we may be able to produce
even stronger effects in future experiments. In order to al-
low replication of these experiments by others, the design
for the driver hardware and source code for the software is
available on the MIThril web site [19].

4.6. Method of Cuing

Because we wanted to simulate the conditions of a “real
world” subliminal task support application, all subjects
were told in advance that the experiment would involve sub-
liminal visual cuing. They were not told anything about the
nature of the cues, such as the existence of incorrect cues.
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Cues, in the form of short-duration masked video frames,
were displayed on the HMD during the memory trials. The
type of cue depended on the condition of the trial, which
was unknown to subject and investigator during the running
of the experiment.

During each trial the HMD cycled through ten static
masking images, one every second. At the transition be-
tween images, a 1/180th second cue frame was inserted, re-
sulting in 10 cues per memory trial.

For uncued “n” trials, this frame was blank (black). For
correctly cued “C” trials, the cue frame contained the cor-
rect answer (name) spelled out in a large sans-serif font on a
black background. For misleadingly cued “X” trials, the cue
fame contained a plausible but incorrect answer — a name
associated with a different face in the experiment. Example
cue and masking images can be seen in Figure 2

Figure 2. Example Cue and Mask Image

4.7. Results

The within-subjects analysis of our 21 subjects’ data is
summarized in Table 1 and Figure 3. The effect was the
difference in performance – that is, the number of correct
names produced – between control and experimental condi-
tions for each subject.

The mean effect of correct cuing (“C” trials) was found
to be 0.76, or an improvement factor of 1.47 over the un-
cued “n” trials. The mean effect of misleading cuing (“X”
trials) was found to be 0.43, or an improvement factor of
1.26 over the uncued trials.

We used a one-tailed T test to test the hypothesis that
the effect of correct cuing (“C” condition) was positive. We
found this to be acceptable at p = 0.02. We used a two-
tailed test to test whether the hypothesis that the effect of of
misleading cuing (“X” trials) was non-zero; this was bor-
derline significant at p = 0.06.

4.7.1 Miscues and Spreading Activation

As shown in Table 1, the effect of the miscued condition was
a borderline-significant increase in performance. While we
were not expecting significant task interference, the im-
provement in response to incorrect cuing was a surprise.

We suggest that an explanation for this counterintuitive
effect lies in our choice of miscues. While the name shown

in a miscued trial was incorrect for the particular face on
the screen at the time, that name did come from the same
memorization task, associated with some other face. So the
slight increase in performance can be explained by an asso-
ciative or spreading-activation theory of memory[1].

If our spreading-activation hypothesis is correct, we
would not expect to see the same effect if our miscues were
completely unrelated to the memorization set. Further study
is needed to investigate the effect of different types of mis-
cues.

cond. mean effect effect σ2 Student T p
“n” 1.62
“C” 2.38 0.76 2.59 (one-tail) 0.02
“X” 2.05 0.43 0.96 (two-tail) 0.06

Table 1. Effect of Subliminal Cuing

S mean O mean O mean / S mean
0.25 2.33 9.32

Table 2. Subliminal vs. Overt Miscues: Aver-
age Number of Miscued Answers Chosen
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Figure 3. Histograms comparing the effect of
correct (“C”) and incorrect (“X”) cues.

4.8. Miscues and Task Interference

Some subjects in our pilot study[5] were able to con-
sciously perceive the cues. (The pilot’s masking protocol
was less effective than that of this experiment.) Not only
were these subjects able to report the nature of the cues
they were being given, we also had corroborating evidence
in the form of the performance of these subjects on “X”
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condition trials. In every case, a pilot study subject who
reported being able to read the cues showed at least one in-
cident of changing their answer on an “X” trial from a cor-
rectly remembered answer to the incorrect cued one. (Since
all keystrokes were recorded, the data showed the subject
typing in the correct name, then deleting it and typing in
the incorrect name shown by the cue.) Further, subjects
who were able to consciously perceive cues were nearly ten
times as likely to choose the incorrect cued answer on “X”
trials than subjects who could not, as shown in Figure 2.
Post hoc analysis of the data suggest that this is a highly
significant effect, although it was not a well-defined factor
and we are reluctant to make claims of statistical validity. In
future work we will investigate the effect of overt miscues
more carefully.

By contrast, subjects in the pilot study who did not re-
port being able to perceive the cues were no more likely to
guess the incorrectly cued name on an “X” trial than any
other name used in the study, and showed no evidence of
substituting an incorrectly cued answer for a correctly re-
membered one.

The difference in performance on the “X” condition tri-
als between subjects who could and could not consciously
perceive the cues in our pilot study suggests an important
difference between subliminal and overt cuing: Incorrect
subliminal cues appear not to interfere with memory recall,
but incorrect overt cues do.

If this result is supported by further research, it indicates
a major strength of subliminal cuing for task support. Ap-
plications that use overt cuing are likely to cause the user to
make the same mistakes that the program does. But appli-
cations that use subliminal cuing are unlikely to propagate
their mistakes into their users’ performance.

5. Conclusions

Our subjects did significantly better on the “C” trials than
the “n” trials, showing that wearable subliminal visual cuing
is effective as a just-in-time memory retrieval aid. The mis-
leading cues in our “X” condition did not interfere with cor-
rect recall; indeed, a small (though borderline significant)
improvement was observed, as discussed in Section 4.7.1
above. These results support our experimental hypothesis
about correct subliminal cues. While they do not support
our original hypothesis about incorrect subliminal cues, the
observed results actually make an even better case for the
usefulness of subliminal cuing than we had expected.

At this point we have good reason to believe that sub-
liminal cuing can be an effective, low-attention alternative
to overt cuing for memory support, and can provide more
resilience for the user against mistakes made by the appli-
cation.

Our results regarding miscues are particularly important.

Effective memory support requires situation-appropriate in-
formation. However, perfect knowledge of the user’s situa-
tion may be difficult or impossible to obtain for many real-
world applications. Our research suggests that delivering
overt cues based on imperfect information risks distracting
and misleading the user. However, it appears that at least
some types of incorrect subliminal cues are benign, and un-
der some circumstances may even support correct perfor-
mance.

If these results are supported by future research, it will
indicate that subliminal cues could be used effectively and
with greater safety than overt cues in applications that must
rely on less-than-perfect knowledge of the user’s context.
This could make subliminal cuing quite attractive for real-
world wearable task-support applications.

5.1. Limitations

There are a number of limitations in this work. First,
only one type of miscue was included in our study. Al-
though our particular miscues appear helpful, it is possible
that other types of subliminal miscues might result in per-
formance degradation. Second, our data regarding the neg-
ative effects of overt cuing was not the result of a careful
experiment to test this phenomenon. The effects of incor-
rect overt cuing on memory retrieval still need direct study.
Third, our study used a highly controlled memorization and
testing environment. In order to make strong claims about
the effectiveness of subliminal cuing for real-world applica-
tions, we must demonstrate the effect under more naturalis-
tic conditions.

6. Future Experimental Work

One of the most interesting aspects of our results thus far
is the apparent lack of task interference produced by incor-
rect subliminal cues, as opposed to the obvious task interfer-
ence effect (in the form of changed answers) we observed
in our pilot study among subjects who could consciously
perceive the cues. This startling finding provokes some new
and interesting ideas to investigate.

6.1. Recall Interference and Overt Cuing

We hope to investigate the presentation of two overtly
cued experimental conditions: correct overt cues and mis-
leading overt cues. While some data of this sort was in-
cidentally available from our pilot, a study designed to in-
vestigate it more directly will allow us to address questions
about subjects’ ability to perform the meta-memory task of
discriminating a correct from an incorrect overt cue. We
will also investigate the effect of subject expectations: do
subjects who are explicitly warned that incorrect cues may
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be presented behave differently from those who are not thus
prepared?

This study will also allow us to investigate the effects of
different types of miscues, both overt and subliminal. For
example, we might compare the relative effects of incor-
rect names chosen from the memory set, names outside the
memorization set, randomly chosen nouns, and strings of
nonsense syllables.

6.2. Ambulatory “Social Assistant”

Another important study is replicating our “Social Mem-
ory Assistant” in an ambulatory context, where the subject
is introduced to a previously unfamiliar group of people and
asked to learn their names. Using active tags we can provide
the wearable with near-perfect knowledge of the correct re-
sponses, and investigate the effects of correct and mislead-
ing cuing in a more naturalistic social environment.
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