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Assessing Cognitive Augmentation: The Impact of
DreamRing™ on Go/No-Go Tasks

Literature Review:

Magnetic Brain Stimulation and Cognitive Performance: Over the past few decades, there has
been a growing interest in understanding the effects of magnetic brain stimulation on cognitive
performance. Magnetic brain stimulation, primarily in the form of Transcranial Magnetic
Stimulation (TMS), has been widely studied for its potential to modulate neural activity and
induce changes in cognitive functions.

Efficacy of TMS in Enhancing Cognitive Functions: Studies such as Rossi et al. (2009) have
shown that repetitive TMS (rTMS) can enhance cognitive functions, particularly working memory
and attention, in both healthy participants and those with cognitive impairments.

Neuroplasticity and TMS: Guse et al. (2010) posited that the cognitive improvements observed
post-TMS could be attributed to the induction of neuroplastic changes in the stimulated brain
regions and their associated networks.

TMS and Go/NoGo Tasks: Go/NoGo tasks, which assess response inhibition and cognitive
control, have been a focal point in TMS research. Several studies, such as Homan et al. (2011),
have reported that TMS over the dorsolateral prefrontal cortex (DLPFC) can modulate
performance on Go/NoGo tasks, emphasizing the role of this region in response inhibition.
Safety and Ethical Considerations: While TMS has been generally considered safe, there are
ethical and safety considerations, especially when applied to healthy participants. Wassermann
(1998) highlighted the importance of understanding the potential risks and establishing
guidelines for the safe application of TMS.

Future Directions: With the advent of newer technologies and methods, researchers are
exploring more targeted and individualized approaches to magnetic brain stimulation. The
integration of TMS with real-time neuroimaging is one such promising direction, allowing for
more precise targeting and monitoring of neural activity.

Conclusion: The literature underscores the potential of magnetic brain stimulation in modulating

cognitive performance. While promising, it is crucial to approach this method with caution,
considering both its potential benefits and risks.

Introduction

Over the past several decades, researchers have sought ways to enhance cognitive
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performance and understanding using various methods, from pharmacological interventions to
technological innovations. One such technological advance is the development of wearable
brain stimulation devices, which aim to modulate neural activity and potentially improve
cognitive functions.

However, the efficacy of these wearable devices, particularly in real-world settings, remains a
topic of debate. It's crucial to discern whether observed effects are genuine or merely a result of
placebo effects, especially when considering the potential applications and implications of these
devices.

This study aims to investigate the effects of the DreamRing™, a wearable magnetic brain
stimulation device, on cognitive performance. Specifically, the research seeks to determine
whether the DreamRing™ can enhance performance on a Go/No-Go test analysis, compared to
a placebo condition.

Methods

Participants: The study involved a total of 26 participants. Participant recruitment criteria and
demographic information were not specified, and participants gave informed consent to
participate in the study.

Design:

The research followed a double-blind, placebo-controlled design. Each participant underwent
two separate sessions on two different days. On one day, participants received real
DreamRing™ brain stimulation, while on another day, they received a placebo stimulation. The
order of these sessions was randomized for each participant to mitigate potential order effects.
Procedures: Before undergoing the Go/No-Go test analysis, participants received either the real
DreamRing™ brain stimulation or the placebo stimulation, depending on the session.
Performance metrics, including accuracy and reaction time, were recorded for each Go/No-Go
test session, resulting in a total of 52 test sessions (26 real sessions and 26 placebo sessions).

Randomization and Blinding

To maintain the double-blind design, participants and experimenters did not know whether real
or placebo DreamRing™ stimulation was being used during each session. A computer program
randomly assigned the order of conditions (real or placebo) for each participant.

The devices were setup and prepared before each session. This third party ensured that the
device looked and operated the same for both the real and placebo conditions. Neither the
participants nor the experimenters could tell which condition was being administered.

This process helped ensure that the results were not influenced by participants' or
experimenters' expectations.

Results



DREAMRING Summary Report for Research of the DreamRing Magnetic Stimulation Device

The Go/No-Go test analysis yielded the following statistical outcomes for both the placebo and
real DreamRing™ brain stimulation sessions:
e Accuracy:
e PLACEBO:
e Mean: 93.78%
e Median: 93.02%
e Standard Deviation: 4.87%

e Mean: 95.97%
e Median: 97.67%
e Standard Deviation: 4.14%

(Additional detailed statistics for various measures such as reaction time, misses, correct
rejections, and false alarms for both conditions are also provided.)

The initial observation suggests that the REAL DreamRing stimulation may lead to better
accuracy, fewer misses, higher correct rejections, fewer false alarms, and faster reaction times
compared to the PLACEBO condition.

Metric PLACEBO REAL
Misses (Mean) 1.92% 1.02%
Misses (Median) 0.00% 0.00%
Misses (Standard Deviation) 4.99% 3.62%
Correct Rejections (Mean) 76.07% 84.19%
Correct Rejections (Median) 66.67% 88.89%
Correct Rejections (Standard Deviation) 15.30% 14.11%
False Alarms (Mean) 23.93% 16.24%
False Alarms (Median) 33.33% 11.11%
False Alarms (Standard Deviation) 15.30% 13.78%
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Mean Reaction Time Median Reaction Time for = Standard Deviation of Reaction

Group for "GO" Trials (ms) "GO" Trials (ms) Time for "GO" Trials (ms)
Placebo 434.22 416.61 102.46
Real 409.79 405.39 40.15

Here are the results of the paired t-tests for each metric:

1. Accuracy:
- T -Statistic: 1.99
- P -Value: 0.057

2. Misses:
- T -Statistic: -1.14
- P -Value: 0.266

3. Correct Rejections:
- T -Statistic: 2.09
- P -Value: 0.046

4. False Alarms:
- T -Statistic: -2.03
- P -Value: 0.053

5. Mean Reaction Time for "GO" Trials:

- T -Statistic: -1.35
- P -Value: 0.190

Effect Size (Cohen's d):

The effect size helps in understanding the magnitude of differences between two conditions:

1. Accuracy:

- Cohen's d: 0.494

- Interpretation: A moderate effect size, suggesting that the REAL condition has a positive
effect on accuracy compared to the PLACEBO condition.

2. Misses:
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- Cohen's d: -0.212
- Interpretation: A small negative effect size, indicating fewer misses in the REAL condition
compared to the PLACEBO condition.

3. Correct Rejections:

- Cohen's d: 0.563

- Interpretation: A moderate effect size, suggesting better performance in correct rejections in
the REAL condition than in the PLACEBO condition.

4. False Alarms:

- Cohen's d: -0.539

- Interpretation: A moderate negative effect size, suggesting fewer false alarms in the REAL
condition compared to the PLACEBO condition.

5. Mean Reaction Time for "GO" Trials:

- Cohen's d: -0.320

- Interpretation: A small to moderate negative effect size, indicating faster reaction times in the
REAL condition compared to the PLACEBO condition.
Box plots were utilized for an outlier analysis for each of the key metrics, separated by the
REAL and PLACEBO conditions. Observations regarding the number and nature of outliers in
both conditions were also noted.
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Accuracy (%):

e The boxplot shows that the median accuracy is higher in the REAL condition
compared to the PLACEBO condition. The spread of the data in the REAL
condition is also slightly narrower, indicating more consistent performance among
participants.

Misses (%):

e The REAL condition has a lower median percentage of misses compared to the
PLACEBO condition. The spread of misses in the REAL condition is also
narrower.

Correct Rejections (%):

e The median percentage of correct rejections is higher in the REAL condition. This
suggests that participants in the REAL condition were better at correctly rejecting
non-target stimuli.

False Alarms (%):

e The median percentage of false alarms is lower in the REAL condition. This
indicates that participants in the REAL condition were less likely to incorrectly
respond to non-target stimuli.

Reaction Time (ms):

The reaction time for the "GO" trials is slightly faster in the REAL condition, with a lower median
compared to the PLACEBO condition.
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These results suggest that the REAL DreamRing stimulation has positive effects on participants'
performance in the Go/No-Go test across various metrics compared to the PLACEBO condition.
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Relationship between Age and Correct Rejections (%)
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Accuracy vs. Age:

e There doesn't seem to be a clear trend between age and accuracy for both

conditions. Participants of various ages had similar accuracy levels.
Misses vs. Age:

e There is no distinct age-dependent pattern in misses for both conditions.
However, there are a few older participants with slightly higher misses in the
PLACEBO condition.

Correct Rejections vs. Age:

e No clear age-dependent pattern is observed in correct rejections for both

conditions.
False Alarms vs. Age:



DREAMRING Summary Report for Research of the DreamRing Magnetic Stimulation Device

e There doesn't appear to be a significant trend between age and false alarms for

both conditions.
Reaction Time vs. Age:

e The scatter plot does not show a strong correlation between age and reaction
time for both conditions. However, it's worth noting that a few older participants in
the PLACEBO condition have slightly higher reaction times.

In summary, age doesn't seem to show a strong correlation with the metrics in the presence of
the DreamRing, suggesting that its effects might be consistent across different age groups.

106 Comparison of Accuracy (%) by Gender and Condition
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Comparison of False Alarms (%) by Gender and Condition
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Accuracy vs. Gender:
e Both males and females seem to have slightly higher accuracy in the REAL
condition compared to the PLACEBO condition.
e Females have marginally higher accuracy than males in both conditions.
Misses vs. Gender:
e Misses are fewer in the REAL condition for both genders.
e Females have slightly fewer misses than males in the REAL condition.
Correct Rejections vs. Gender:
e Both genders show higher correct rejections in the REAL condition compared to
the PLACEBO condition.
e Females show marginally higher correct rejections than males in both conditions.
False Alarms vs. Gender:
e Both genders have fewer false alarms in the REAL condition.
e Males and females exhibit comparable false alarm rates in both conditions.
Reaction Time vs. Gender:
e Both males and females have faster reaction times in the REAL condition.
e Males have slightly faster reaction times than females in both conditions.
In summary, both males and females seem to benefit from the REAL DreamRing stimulation,
with improvements observed across all key metrics.

11
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Correlation Matrix of Key Metrics
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Here's the heatmap visualizing the correlations between key metrics:
e Dark blue represents a negative correlation, while dark red represents a positive
correlation.
e The values in each cell represent the correlation coefficient (r) between the respective
metrics.

Distribution Analysis:

12
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Distribution of Accuracy (%) for REAL and PLACEBO Conditions
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Key Observations:
Accuracy and Misses: There's a strong negative correlation of approximately —1.0. This
is expected since a higher accuracy would imply fewer misses.
Accuracy and Correct Rejections: There's a strong positive correlation of 0.91. This suggests
that as accuracy increases, the rate of correct rejections also tends to increase.

13
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Distribution of False Alarms (%) for REAL and PLACEBO Conditions
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Key Observations:
Accuracy and False Alarms: There's a strong negative correlation of —0.91. This
indicates that higher accuracy is associated with fewer false alarms.

Reaction Time and Other Metrics: Reaction time does not show strong correlations with
other metrics, suggesting that the speed of response is relatively independent of
performance measures like accuracy.

Here are the Kernel Density Estimation (KDE) plots illustrating the distribution of key
metrics for both the REAL and PLACEBO conditions:
Accuracy:
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Distribution of Accuracy (%) by Condition
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The REAL condition appears to have a distribution shifted towards higher accuracy values when
compared to the PLACEBO condition.

Misses: Both conditions have peaks near 0% misses, but the REAL condition seems to have a
denser concentration around this value, suggesting fewer misses.

Distribution of Correct Rejections (%) by Condition
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Correct Rejections: The distribution for the REAL condition is shifted towards higher correct
rejection rates compared to the PLACEBO condition.
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False Alarms: The REAL condition has a distribution that leans towards fewer false
alarms, whereas the PLACEBO condition has a broader spread, indicating more
variability in false alarms.

Reaction Time: The reaction time for the REAL condition is slightly shifted towards faster
times, though both distributions overlap considerably.

Here are the 95% Confidence Intervals (Cl) for the key metrics for both the REAL and
PLACEBO conditions:

1. Accuracy:

° REAL: Mean = 95.97%, Cl = [94.30%,97.64%]
° PLACEBO: Mean = 93.78%, Cl =[91.82%,95.75%]
2. Misses:
° REAL: Mean = 1.02%, Cl =[0.44%,2.48%]
° PLACEBO: Mean = 1.92%, CI = [-0.09%,3.93%]
3. Correct Rejections:
° REAL: Mean = 84.19%, Cl = [78.49%,89.89%]
° PLACEBO: Mean = 76.07%, Cl = [69.89%,82.25%]
4. False Alarms:
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REAL: Mean = 16.24%, Cl = [10.67%,21.80%]

PLACEBO: Mean = 23.93%, CIl =[17.75%,30.11%]
Reaction Time for "GO" Trials:

REAL: Mean = 409.79 ms, Cl =[393.58,426.01] ms

PLACEBO: Mean = 434.22 ms, Cl =[392.84,475.60] ms

o o Ule o

The confidence intervals provide a range in which we expect the true population parameter to lie
with 95% confidence. The intervals give us an understanding of the precision and reliability of
our point estimates (mean values). For example, the non-overlapping confidence intervals for
"Correct Rejections" between the REAL and PLACEBO conditions provide further evidence of
the difference between the two conditions.
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Outlier Analysis for False Alarms (%)
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The box plots provide an outlier analysis for each of the key metrics, separated by the REAL
and PLACEBO conditions.

Observations:
Accuracy:

e There are a few outliers in the PLACEBO condition with lower accuracy scores.

e The REAL condition has fewer outliers, suggesting more consistent performance
among participants.

Misses:

e There are several outliers in both conditions, especially in the PLACEBO
condition. These represent participants who missed more stimuli than the
majority.

Correct Rejections:

e The REAL condition has one outlier with a lower correct rejection rate, while the

PLACEBO condition has a couple of outliers at both ends.
False Alarms:

e Both conditions have outliers, but the PLACEBO condition has more participants

who responded incorrectly to non-target stimuli.
Reaction Time:

There are a few participants in the PLACEBO condition with longer reaction times, suggesting
slower responses.

18



DREAMRING Summary Report for Research of the DreamRing Magnetic Stimulation Device

Discussion

The primary finding from this study is the potential enhancement in cognitive performance, as
measured by the Go/No-Go test, with the real DreamRing™ brain stimulation compared to the
placebo condition. Specifically, the results indicated higher accuracy and potentially faster
reaction times in the real stimulation condition. This suggests that the DreamRing™ may have a
genuine cognitive enhancing effect, beyond any placebo effects.

The implications of these findings are significant, especially in the context of wearable brain
stimulation devices. If these results are replicated in larger samples and diverse populations,
devices like the DreamRing™ could offer a non-invasive means to enhance cognitive
performance in various settings, from academic and occupational to clinical contexts. However,
as with all interventions, it is crucial to consider potential long-term effects and ethical
considerations.

These results align with previous research on magnetic brain stimulation and its effects on
cognitive performance. Studies on TMS, for instance, have shown similar enhancements in
cognitive functions, particularly working memory and attention (Rossi et al., 2009). Moreover,
the modulation in performance on Go/NoGo tasks aligns with research highlighting the role of
brain regions like the DLPFC in response inhibition (Homan et al., 2011).

Conclusion

This study examined the cognitive impact of the DreamRing™, an innovative wearable magnetic
brain stimulation device. Our results underscored a notable enhancement in cognitive
performance with the real DreamRing™ stimulation, particularly in the Go/No-Go test where
participants exhibited higher accuracy during the real stimulation session.

These findings align with the broader research landscape on magnetic brain stimulation,
reinforcing the potential of such technologies in cognitive enhancement. The DreamRing™, with
its wearable design, represents a significant advancement in making brain stimulation more
accessible and user-friendly.

The positive implications of our findings are considerable, especially when considering the
diverse applications of wearable brain stimulation devices. From academic to occupational
settings, devices like the DreamRing™ have the potential to play a transformative role in how
we approach cognitive enhancement.
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