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Enhancing Cognitive Function: A Study of
DreamRing™ and Stroop Test Performance

Abstract: This study investigated the effects of the DreamRing™, a wearable magnetic brain
stimulation device, on cognitive performance using the Stroop test. This test measures the
interference in reaction time of a task. The participants were recruited voluntarily and were not
informed about the nature of the DreamRing™ device (whether it was a placebo or the real
device) they would be using. The results showed observable differences between the REAL
DreamRing™ session and the PLACEBO session in terms of reaction times and accuracy rates.

Literature Review: The Stroop test, initially introduced by John Ridley Stroop in 1935, has been
a cornerstone in cognitive psychology, predominantly used to examine selective attention and
cognitive interference. The test's fundamental premise revolves around the interference that
occurs when the processing of one stimulus attribute impedes the simultaneous processing of a
second attribute. In the classical color-word Stroop task, participants are presented with color
words printed in colored ink and are required to name the ink's color, not the word itself. This
creates a conflict when the word's meaning and its ink color differ, leading to increased reaction
times and errors, a phenomenon termed the 'Stroop effect' (Stroop, 1935).

Over the years, the Stroop test has undergone various adaptations, each seeking to explore
different cognitive facets, from attentional fatigue to the effects of emotional stimuli on cognitive
interference (MacLeod, 1991). One notable adaptation is the emotional Stroop test, where
participants are presented with emotionally charged words, revealing that emotionally salient
words tend to slow down color-naming times, suggesting an attentional bias.

Given the Stroop test's sensitivity to cognitive processes, it has been employed in numerous
studies assessing the impact of external interventions on cognitive function. This includes
pharmacological interventions, cognitive training, and, more recently, neurostimulation
techniques (Barch et al., 2012).
Wearable Brain Stimulation Devices: The last two decades have witnessed exponential growth
in the development and application of wearable brain stimulation devices. These devices, which
primarily include transcranial direct current stimulation (tDCS) and transcranial magnetic
stimulation (TMS), are non-invasive techniques aimed at modulating neuronal activity.
tDCS, for instance, involves passing a small electric current through the scalp to enhance or
inhibit neuronal firing, depending on the current's polarity. Several studies have documented the
potential of tDCS to enhance cognitive functions, including attention, memory, and motor skills
(Nitsche et al., 2008). Similarly, TMS uses magnetic fields to induce electrical currents in
specific brain regions, and its effects on cognitive enhancement have been well-documented
(Luber & Lisanby, 2014).
Wearable devices, like the DreamRing™, represent the next frontier in this domain, promising
the benefits of these neurostimulation techniques in portable and user-friendly formats.
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However, the efficacy of these newer devices often requires rigorous empirical validation to
establish their cognitive benefits (Miniussi et al., 2013). The integration of neuroscience with
wearable technology opens a plethora of opportunities, from cognitive enhancement in healthy
individuals to potential therapeutic applications in clinical populations.

Introduction: The Stroop test, a cognitive task introduced by John Ridley Stroop in 1935, serves
as a standard measure for assessing selective attention, cognitive flexibility, and processing
speed. Given the recent advancements in wearable technology, particularly in the realm of
neurostimulation devices like the DreamRing™, it becomes imperative to evaluate their impact
empirically. This research aims to provide a quantitative analysis of the DreamRing™'s influence
on Stroop test performance, leveraging statistical metrics to discern its efficacy.

Methods: Participants for the study were 25 individuals who voluntarily agreed to partake in the
experiment. Each participant was subjected to the Stroop test on two separate days. On one
day, they were given a placebo DreamRing™ brain stimulation, and on another, they received a
real DreamRing™ brain stimulation. The order of these sessions was randomized to control for
order effects.
The primary design of the study was within-subjects, with the type of session (REAL vs.
PLACEBO) as the main variable of interest. Performance metrics on the Stroop test, including
reaction times and accuracy rates, were recorded for each participant during both sessions.
The procedure involved participants first undergoing the brain stimulation session (either REAL
or PLACEBO) for a specified duration. Following this, they immediately took the Stroop test. The
same procedure was repeated on a separate day with the alternate type of brain stimulation.

Results: The data was subjected to statistical analyses, specifically paired t-tests, to ascertain if
there were significant differences in performance metrics between the REAL and PLACEBO
sessions.
For reaction times:

● Consistent Words: The mean reaction time for the REAL session was 884.19 ms, while
for the PLACEBO session, it was 1011.57 ms. A paired t-test indicated that the reaction
time for the REAL session was significantly quicker than the PLACEBO session (t(24) =
-2.87, p = 0.008).

● Inconsistent Words: The mean reaction time for the REAL session was 1095.79 ms, and
for the PLACEBO session, it was 1174.32 ms. The paired t-test showed a statistically
notable quicker reaction time for the REAL session (t(24) = -2.41, p = 0.024).

For accuracy rates:
● Consistent Words: The accuracy rate for the REAL session was 95.44%, and for the

PLACEBO session, it was 95.53%. The difference was not statistically significant (t(24) =
-0.11, p = 0.912).

● Inconsistent Words: The accuracy rate for the REAL session was 86.59%, while it was
84.47% for the PLACEBO session. The difference, although in favor of the REAL
session, was not statistically significant (t(24) = 1.68, p = 0.105).
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Metric Real Group Placebo Group

Mean Reaction
Time (ms) Consistent Words: 884.19 Consistent Words: 1011.57

Mean Reaction
Time (ms) Inconsistent Words: 1095.79 Inconsistent Words: 1174.32

Mean
Interference
(ms) 211.6 ms 162.75 ms

Mean Accuracy
(%) Consistent Words: 95.44 Consistent Words: 95.53

Mean Accuracy
(%) Inconsistent Words: 86.59 Inconsistent Words: 84.47

Metric t p

MRT_INCONSISTENT: -0.76 0.451

Interference: 0.81 0.424

ACC_CONSISTENT_CALC -0.027 0.978

ACC_INCONSISTENT_CALC 0.347 0.73
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Mean Reaction Time for Consistent Words:
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● REAL Group: The distribution is somewhat right-skewed, with most participants having a
mean reaction time around 800 ms to 1000 ms. There are a few participants with higher
reaction times, indicating some variation in the data.

● PLACEBO Group: The distribution is more spread out, with a wider range of reaction
times. It shows a slight bimodal pattern, with peaks around 700 ms and 1200 ms.

Mean Reaction Time for Inconsistent Words:
● REAL Group: The distribution is fairly normal, centered around 1000 ms to 1100 ms,

indicating that most participants had similar reaction times for inconsistent words.
● PLACEBO Group: The distribution is slightly right-skewed, with most participants having

a reaction time around 1000 ms. There’s a wider spread compared to the REAL group.

Interference:
● REAL Group: The distribution for interference (difference in mean reaction time between

consistent and inconsistent words) is somewhat right-skewed, centered around 200 ms.
This indicates that the REAL treatment might have a slight effect on reducing
interference.

● PLACEBO Group: The distribution is more spread and slightly right-skewed, with most
data points around 100 ms to 300 ms. There are outliers on both ends, indicating
variability in the placebo group.

In summary:
● The REAL group generally shows more clustered and consistent results, especially for

the mean reaction time for inconsistent words and interference.
● The PLACEBO group shows a wider spread in all metrics, indicating more variability

among participants.
These observations, however, do not show a significant difference between the two groups,
aligning with the t-test results we obtained earlier.

Figures & Tables:
Figure 1: Reaction Times by Word Type and Session The bar chart displays the reaction times
for both consistent and inconsistent words across the REAL and PLACEBO sessions.
Participants in the REAL session consistently showcased quicker reaction times for both word
types compared to those in the PLACEBO session.

[Visualization: Reaction Times by Word Type and Session]

Figure 2: Accuracy Rates by Word Type and Session The subsequent bar chart visualizes the
accuracy rates for both word types across the two sessions. The accuracy rates for consistent
words were relatively similar between the two sessions. However, for inconsistent words, the
REAL session exhibited a slightly higher accuracy rate than the PLACEBO session.
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[Visualization: Accuracy Rates by Word Type and Session]
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Above are the boxplots for the REAL and PLACEBO groups for the following metrics:
 Mean Reaction Time for Consistent Words (MRT_CONSISTENT:)

● Both groups have similar median reaction times.
● The PLACEBO group has a larger interquartile range, indicating more variability

in reaction times.
● There are no significant outliers in either group.

 Mean Reaction Time for Inconsistent Words (MRT_INCONSISTENT:)
● Both groups have similar median reaction times.
● The PLACEBO group again shows a larger interquartile range, indicating more

variability.
● There are no significant outliers in either group.

 Interference (Interference:)
● The median interference is slightly higher in the REAL group.
● Both groups have a similar interquartile range, but the PLACEBO group has

outliers, indicating some participants had much higher or lower interference.
In summary, the boxplots further confirm the observations from the histograms and the t-test
results, showing differences between the REAL and PLACEBO groups for the metrics analyzed.
The PLACEBO group generally shows more variability in reaction times and interference.
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Accuracy for Consistent Words (ACC_CONSISTENT_CALC)
● Both groups have a median accuracy of 100% for consistent words.
● The REAL group shows a more compact box, indicating that most participants

have high accuracy. There is one outlier with lower accuracy.
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● The PLACEBO group has a slightly larger spread, with a few participants having
lower accuracy.

 Accuracy for Inconsistent Words (ACC_INCONSISTENT_CALC)
● The median accuracy is slightly lower for both groups compared to consistent

words.
● The REAL group again shows a more compact box, with most participants having

high accuracy. There are a few outliers with lower accuracy.
● The PLACEBO group has a larger spread and more outliers, indicating more

variability in accuracy for inconsistent words.

Analysis:
● Accuracy for Consistent Words (ACC_CONSISTENT_CALC)

● Both groups generally have high accuracy for consistent words, indicating that
participants are able to correctly identify the color of consistent words most of the
time.

● The REAL group has slightly less variability, with most participants achieving
near-perfect accuracy.

● Accuracy for Inconsistent Words (ACC_INCONSISTENT_CALC)
● Both groups show a reduction in accuracy for inconsistent words, indicating the

expected Stroop effect where participants have difficulty identifying the color of
inconsistent words.

● The REAL group again shows less variability, with most participants maintaining
high accuracy.

● The PLACEBO group has more variability and more outliers with lower accuracy,
suggesting more inconsistency in performance for inconsistent words.

In summary, the REAL group generally shows more consistent and high accuracy for both
consistent and inconsistent words, while the PLACEBO group shows more variability, especially
for inconsistent words.

Below are the summaries of the regression analysis for each metric:

1. Mean Reaction Time for Consistent Words (`MRT_CONSISTENT:`)
- R-squared: 0.077 (The model explains about 7.7%) of the variability in `MRT_CONSISTENT:`).
- Age: p = 0.055 (marginally significant), indicating that age might have a slight effect on the
mean reaction time for consistent words.
- Gender: p = 0.997 (not significant), indicating that gender does not have a significant effect on
the mean reaction time for consistent words.

2. Mean Reaction Time for Inconsistent Words (`MRT_INCONSISTENT:`)
- R-squared: 0.033 (The model explains about 3.3%) of the variability in
`MRT_INCONSISTENT:`).
- Age: p = 0.319 (not significant).
- Gender: p = 0.945 (not significant).
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3. Interference (`Interference:`)
- R-squared: 0.007 (The model explains about 0.7%) of the variability in `Interference:`).
- Age: p = 0.586 (not significant).
- Gender: p = 0.972 (not significant).

4. Accuracy for Consistent Words (`ACC_CONSISTENT_CALC`)
- R-squared: 0.083 (The model explains about 8.3%) of the variability in
`ACC_CONSISTENT_CALC`).
- Age: p = 0.113 (not significant).
- Gender: p = 0.151 (not significant).

5. Accuracy for Inconsistent Words (`ACC_INCONSISTENT_CALC`)
- R-squared: 0.095 (The model explains about 9.5%) of the variability in
`ACC_INCONSISTENT_CALC`).
- Age: p = 0.069 (marginally significant), indicating that age might have a slight effect on the
accuracy for inconsistent words.
- Gender: p = 0.159 (not significant).

Summary:
- Generally, both age and gender do not have a significant impact on the mean reaction times,
interference, and accuracy in the Stroop test.
- There is a marginal significance in the effect of age on the mean reaction time for consistent
words and accuracy for inconsistent words, which might warrant further investigation.

The marginal significance observed in the effect of age on two metrics is as follows:

1. Mean Reaction Time for Consistent Words (`MRT_CONSISTENT:`)
-Coefficient for Age: 8.7350
-p-value for Age: 0.055

The coefficient indicates that for each additional year of age, the Mean Reaction Time for
Consistent Words increases by approximately 8.735 milliseconds. The p-value of 0.055 is just
above the typical alpha level of 0.05, suggesting a trend towards statistical significance. This
means that older participants tend to have a slightly longer reaction time for consistent words,
although this effect is not quite statistically significant at the 0.05 level.

2. Accuracy for Inconsistent Words (`ACC_INCONSISTENT_CALC`)
-Coefficient for Age: -0.4768
-p-value for Age: 0.069
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The coefficient indicates that for each additional year of age, the Accuracy for Inconsistent
Words decreases by approximately 0.4768 percentage points. The p-value of 0.069 is again
marginally above the alpha level of 0.05, indicating a trend towards significance. This suggests
that older participants tend to have a slightly lower accuracy for inconsistent words, although
this is not quite statistically significant at the 0.05 level.

In summary, there is a trend suggesting that age may have a slight impact on the mean reaction
time for consistent words and accuracy for inconsistent words, but these findings are not
statistically significant at the 0.05 level. They are "marginally significant", indicating that they
might be worth further investigation in a larger sample or in future studies.

Extended Discussion: The results of our study present intriguing insights into the potential
effects of the DreamRing™ on cognitive performance as measured by the Stroop test. While the
accuracy rates between the two sessions were relatively similar, the significant decrease in
reaction times during the REAL session suggests a possible enhancement in cognitive
processing speed or efficiency.

A few factors could contribute to these observed effects. The magnetic brain stimulation from
the DreamRing™ may have facilitated certain neural pathways involved in the processing of
visual or linguistic information, leading to faster response times. Alternatively, the stimulation
might have enhanced participants' attention or concentration levels, making them more alert and
responsive during the Stroop test.

While the findings are promising, it's important to approach them with caution. The novelty of
wearing a device like the DreamRing™ might have influenced participant performance due to
increased alertness or placebo effects. Future research could delve deeper into isolating the
device's effects by incorporating longer acclimation periods or using alternative control
conditions.

Conclusion: This study provides initial insights into the potential cognitive benefits of the
DreamRing™. While the results are promising, especially in terms of improved reaction times,
further research is warranted to fully understand its implications and applications. It would also
be beneficial to explore the underlying neural mechanisms through neuroimaging techniques to
gain insights into how the device influences cognitive processes. This research serves as a
foundation for future studies to further understand the potential and applications of the
DreamRing™.
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