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SUMMARY: 21 

Here we present a protocol for combining mindfulness meditation training, an episodic memory 22 

task, and EEG to understand the behavioral and neural effects of mindfulness meditation on 23 

episodic memory. 24 

 25 

ABSTRACT:  26 

Although there has been recent interest in how mindfulness meditation can affect episodic 27 

memory as well as brain structure and function, no study has examined the behavioral and neural 28 

effects of mindfulness meditation on episodic memory. Here we present a protocol that 29 

combines mindfulness meditation training, an episodic memory task, and EEG to examine how 30 

mindfulness meditation changes behavioral performance and the neural correlates of episodic 31 

memory. Subjects in a mindfulness meditation experimental group were compared to a waitlist 32 

control group. Subjects in the mindfulness meditation experimental group spent four weeks 33 

training and practicing mindfulness meditation. Mindfulness was measured before and after 34 

training using the Five Facet Mindfulness Questionnaire (FFMQ). Episodic memory was measured 35 

before and after training using a source recognition task. During the retrieval phase of the source 36 

recognition task, EEG was recorded. The results showed that mindfulness, source recognition 37 

behavioral performance, and EEG theta power in right frontal and left parietal channels increased 38 

following mindfulness meditation training. In addition, increases in mindfulness correlated with 39 

increases in theta power in right frontal channels. Therefore, results obtained from combining 40 

mindfulness meditation training, an episodic memory task, and EEG reveal the behavioral and 41 

neural effects of mindfulness meditation on episodic memory. 42 

 43 
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There has been recent interest in mindfulness meditation to treat symptoms of mental illness 45 

and to enhance cognition, but there is still much research to be done to understand the effects 46 

of mindfulness meditation on cognitive function. Previous research has shown that mindfulness 47 

meditation can reduce symptoms of stress, depression, generalized anxiety disorder, addictions, 48 

attention deficit disorder, and pain disorders1-9, as well as increase attention and executive 49 

function2-7,10-16.  50 

 51 

Despite interest in the effects of mindfulness meditation on cognition, little research has been 52 

done on the effects of mindfulness meditation on episodic memory17. Given the contribution of 53 

attention and executive function to episodic encoding and retrieval, mindfulness meditation 54 

should also increase episodic memory. A few recent behavioral studies have shown that 55 

mindfulness training increases recognition memory recollection18,19 and free recall20. 56 

 57 

In addition to behavioral effects of mindfulness meditation on cognition, previous research has 58 

examined the effects of mindfulness meditation on the brain. Mindfulness meditation has been 59 

shown to change both the structure and function of the brain. Importantly, mindfulness 60 

meditation has been shown to change brain structure and function in networks related to 61 

episodic memory21-23; specifically increasing grey matter volume and activity in the prefrontal 62 

cortex1,24-32 and hippocampus25,27,28,33-37 as well as increasing theta (4‒8 Hz) power and 63 

coherence1,36,38-45. 64 

 65 

Therefore, previous research has separately examined the behavioral effects of mindfulness 66 

meditation on episodic memory17-20 and the neural effects of mindfulness meditation1,21-45. In 67 

order to understand the effects of mindfulness meditation on episodic memory and its neural 68 

correlates it is important to measure both behavior and brain activity during episodic memory. 69 

One method for studying the neural correlates of episodic memory is with 70 

electroencephalography (EEG). Here we describe a method for combining mindfulness 71 

meditation training with an episodic memory task while measuring EEG. By combining training in 72 

mindfulness meditation with behavioral and neural measures of episodic memory we can better 73 

understand the effects of mindfulness meditation on cognitive function. 74 

 75 

PROTOCOL: 76 

All procedures were approved by the Institutional Review Board of Bowdoin College, in accord 77 

with federal guidelines for the protection of human subjects. 78 

 79 

1. Subject recruitment and preparation for the experiment 80 

 81 

1.1 Recruit 40 18-29 year old subjects who are meditation naïve, right-handed, fluent English 82 

speakers, with normal or corrected to normal vision, with no neurological conditions.  83 

 84 

NOTE: Studying younger children and older adults would require a separate age-specific study. 85 

The development of the frontal and parietal lobes is important for performing the episodic 86 

memory task. And there is variability in the EEG across age. Studying younger children and older 87 

adults requires age specific cognitive tasks and specialized EEG recording and data analysis 88 



   

protocols that are not accommodated in the present protocol. Recruit only right-handed subjects 89 

to reduce variability in EEG activity. 90 

 91 

1.2 Randomly assign 40 subjects to a mindfulness meditation experimental or waitlist control 92 

group for a total of 20 subjects in each group. 93 

 94 

1.3 Schedule the experimental sessions and mindfulness meditation training such that the delay 95 

between pre-training and post-training experimental sessions are equal for the mindfulness 96 

meditation experimental and waitlist control groups (see Figure 1 for a visual depiction of the 97 

sessions)  98 

 99 

[Place Figure 1 here] 100 

 101 

1.4 Inform subjects about the procedures involved in the behavioral testing, the EEG recording, 102 

and the mindfulness meditation training. Ensure that subjects refrain from practicing meditation 103 

outside those conducted for the research study. 104 

 105 

2. Mindfulness questionnaire 106 

 107 

2.1 For each experimental session, have subjects complete the Five Facet Mindfulness 108 

Questionnaire (FFMQ)46 (see Supplementary File 1). 109 

 110 

2.2 Analyze the mindfulness data. 111 

 112 

2.2.1 Measure each subject’s mindfulness by calculating scores for FFMQ Total as well as 113 

Observe, Describe, Awareness, Nonjudge, and Nonreactive scales by summing up the scores for 114 

each subscale (note that for some items the scoring must be reversed (i.e., change 1 to 5, 2 to 4, 115 

4 to 2, and 5 to 1) according to the instructions in the FFMQ46 (see scoring instructions in 116 

Supplementary File 1). 117 

 118 

2.2.2 Compare subjects’ FFMQ Total as well as Observe, Describe, Awareness, Nonjudge, and 119 

Nonreactive scores for the mindfulness meditation experimental and waitlist control group 120 

across pre-training and post-training experimental sessions.  121 

 122 

3. Episodic memory task  123 

 124 

3.1 Prepare a list of 800 adjectives that are equated for word frequency according to the Kucera 125 

and Francis47 word norms (see Supplementary Files 3). 126 

 127 

3.2 For each experimental session, have subjects practice the encoding phase by presenting 10 128 

words and performing the encoding task as described below. 129 

 130 

3.3 For each experimental session, have subjects perform the encoding phase.  131 

 132 



   

3.3.1 Have subjects study a list of 200 adjectives and either create a mental image of a spatial 133 

scene described by the adjective (place task) or think about the meaning of the word and rate its 134 

pleasantness (pleasant task).  135 

 136 

3.3.2 After presentation of each word, ask subjects to rate how well they performed the encoding 137 

task (see Figure 2 for a visual depiction of the encoding procedure). 138 

 139 

3.4 For each experimental session, have subjects practice the source retrieval phase by 140 

presenting the 10 words that were shown at encoding practice and five new words, and perform 141 

the source retrieval task as described below. 142 

 143 

3.5 For each experimental session, have subjects perform the source retrieval phase while 144 

recording EEG.  145 

 146 

3.5.1 Present the 200 words that were shown at encoding randomly intermixed with 200 new 147 

words. Send time stamps that correspond to each behavioral condition to the EEG recording. 148 

Words should be presented in 20 blocks to give subjects rest breaks to rest their eyes.  149 

 150 

3.5.2 During the presentation of each word, ask subjects to indicate if the word was new or if 151 

they recognized it as being studied in the encoding phase. For recognized words, ask subjects to 152 

indicate the source, whether the word was studied in the place task or the pleasant task (see 153 

Figure 2 for a visual depiction of the source retrieval procedure). 154 

 155 

[Place Figure 2 here] 156 

 157 

NOTE: The episodic memory task can be designed using any software designed for behavioral 158 

research such as EPrime which can send time stamps to the EEG recording using Task Events (see 159 

Table of Materials). Tutorials and example experiments are available online (e.g., 160 

https://pstnet.com, https://step.talkbank.org48). 161 

 162 

3.6 Mark each trial based on the behavioral condition and the subject’s response (see Figure 3 163 

and Figure 4) and analyze the episodic memory behavioral data. 164 

 165 

3.6.1 Measure subjects ability to remember the words by calculating item discrimination (item 166 

d’, see Figure 3): 167 

 168 

Z(hit rate) – Z(false alarm rate) 169 

 170 

[Place Figure 3 here] 171 

 172 

3.6.2 Subjects ability to remember source information can be measured by calculating source 173 

discrimination (source d’) (see Figure 4). 174 

 175 

 176 



   

Z(correct source rate) – Z(incorrect source rate) 177 

 178 

[Place Figure 4 here] 179 

 180 

3.6.3 Compare subjects’ item and source discrimination (item and source d’) for the mindfulness 181 

meditation experimental and waitlist control group across pre-training and post-training 182 

experimental sessions.  183 

 184 

4. EEG recording and analysis 185 

 186 

4.1 Set up the EEG cap (see Table of Materials).  187 

 188 

NOTE: An EEG capping tutorial and other useful information is available through online resources 189 

(e.g., https://pursue.richmond.edu49). 190 

 191 

4.1.1 Measure the subject’s head and put all the electrodes on the correct size EEG cap according 192 

to the extended international 10-20 system. 193 

 194 

4.1.2 Clean the subject’s forehead with an alcohol wipe. 195 

 196 

4.1.3 Apply the EEG cap to the subject’s head by parting their hair then inserting conductive gel 197 

with a Luer-lock syringe with a blunted needle. 198 

 199 

4.1.4 Using the EEG recording software, click on impedances and make sure they are under the 200 

resistance level recommended by the specific EEG system chosen for use by the researchers. 201 

 202 

4.1.5 Ask the subject to remain as still as possible during the experiment. Show the subject the 203 

EEG signal when they are still and when they blink or make jaw or facial movement. 204 

 205 

4.2 Record the EEG. 206 

 207 

4.2.1 Set the EEG amplifier with the EEG recording software by clicking on edit workspace and 208 

set to acquire signal with a .1‒100 Hz bandpass filter and 500 Hz sampling rate for all subjects.  209 

 210 

4.2.2 Start the EEG recording. 211 

 212 

4.2.3 Start the source retrieval phase and ensure that the time stamps from the source retrieval 213 

task are showing up in the EEG recording. 214 

 215 

4.3 Once the subject has completed the source retrieval task, clean the EEG cap and electrodes 216 

with deionized water and disinfectant.  217 

 218 

4.4 Process and analyze the EEG data. 219 

 220 



   

4.4.1 High-pass filter the data at 1 Hz and low-pass filter the data at 100 Hz. 221 

 222 

4.4.2 Identify and interpolate bad channels using surrounding channels50. 223 

 224 

4.4.3 Re-refence the data to an average reference51.  225 

 226 

4.4.4 Segment the data relative to the onset of each time stamp from the source retrieval task 227 

and subtract a pre-stimulus baseline period. 228 

 229 

4.4.5 Identify and remove artifacts in the EEG data such as eye-blink and eye-movement artifacts. 230 

Detect and reject trials with large artifacts (voltage fluctuations of over 1,000 μV or data 5 231 

standard deviations beyond the norm). Reconstruct the EEG after running independent 232 

component analysis (ICA)52 and identifying and removing noise components53. 233 

 234 

4.4.6 Convert the EEG data to the time frequency domain across 100 log-spaced frequencies from 235 

3 Hz to 125 Hz using a Morlet wavelet transformation with the wavelet increasing from 3 cycles 236 

at 3 Hz to 25 cycles at 125 Hz.  237 

 238 

4.4.7 Compare theta power relative to pre-stimulus baseline in the mindfulness meditation 239 

experimental and waitlist control groups across pre-training and post-training experimental 240 

sessions in right frontal and left parietal channels which show effects during source retrieval54-57. 241 

All analyses should control for multiple comparisons. 242 

 243 

NOTE: The EEG data can be processed and analyzed using publicly available software designed 244 

for signal processing such as EEGLab58. EEGLab training workshops and tutorials are available 245 

through the Swartz Center for Computational Neuroscience 246 

(https://sccn.ucsd.edu/eeglab/index.php). 247 

 248 

5. Mindfulness meditation training 249 

 250 

5.1 Hire a mindfulness meditation instructor trained in the Mindfulness Based Stress Reduction 251 

(MBSR) technique59.  252 

 253 

NOTE: Instructors trained in the MBSR technique can be found online (e.g. 254 

https://www.brown.edu/public-health/mindfulness/programs/mbsr-teacher-recognition). 255 

 256 

5.2 Have the 20 subjects in the mindfulness meditation experimental group meet as a group for 257 

one hour each week for four weeks with the mindfulness meditation instructor.  258 

 259 

NOTE: The standard MBSR course is eight weeks and includes breath awareness, sitting 260 

meditation, yoga, and relaxation techniques. The mindfulness meditation training should include 261 

aspects of the standard MBSR course such as breath awareness and sitting meditation (see 262 

Supplementary File 2). These practices, which relate to focusing attention and executive function 263 

are most likely to contribute to episodic memory.  264 



   

 265 

5.3 Have subjects practice mindfulness meditation for at least 20 min each day using a guided 266 

breath awareness meditation recording provided by the mindfulness meditation instructor. 267 

 268 

5.4 Track daily mindfulness meditation practice by asking subjects how many minutes they 269 

practiced mindfulness meditation, what they did during their meditation, and how the practice 270 

was going for them through daily emailed surveys (see Table of Materials).  271 

 272 

NOTE: Researchers should consider excluding subjects who do not spend a substantial amount 273 

of time practicing mindfulness meditation.  274 

 275 

5.5 Schedule the post-training experimental session as soon as possible after completion of the 276 

mindfulness meditation training.  277 

 278 

NOTE: Researchers should consider excluding subjects who are unable to complete the post-279 

training experimental session soon after the completion of the mindfulness meditation training. 280 

Please reach out to experts in cognitive neuroscience who use the EEG technique for randomized 281 

controlled experiments for further information. 282 

 283 

REPRESENTATIVE RESULTS:  284 

Representative results are reported for 40 meditation naïve, right-handed, fluent English-285 

speaking subjects (10 male and 10 female subjects ranging from 18 to 22 years old in the 286 

mindfulness meditation experimental group and 7 male and 13 female subjects ranging from 18 287 

to 22 years old in the waitlist control group). Behavioral and EEG data were analyzed using mixed 288 

analysis of variance (ANOVA) comparing mindfulness meditation experimental and waitlist 289 

control groups (experimental, control) across time (pre-training, post-training). All post-hoc tests 290 

corrected for multiple comparisons. 291 

 292 

Mindfulness questionnaires 293 

First, analysis assessed whether the mindfulness meditation training was successful. Subjects 294 

spent a substantial amount of time practicing mindfulness meditation and their mindfulness 295 

increased as measured by the FFMQ. Specifically, there was an interaction between group and 296 

time for FFMQ Total (F(1,38) = 11.15, MSE = 67.67, p <. 01) and a marginal interaction between 297 

group and time for FFMQ Describe (F(1,38) = 3.35, MSE = 12.26, p = .08) and Nonjudge (F(1,38) = 298 

3.87, MSE = 15.37, p = .06) scales. Scores increased from pre-training to post-training for FFMQ 299 

Total (F(1,19) = 15.60, MSE = 63.34, p < .01), Describe (F(1,19) = 6.36, MSE = 8.44, p = .02), and 300 

Nonjudge (F(1,19) = 10.12, MSE = 8.60, p < .01) scales for the mindfulness meditation 301 

experimental group, whereas the waitlist control group did not change (see Table 1). 302 

 303 

[Place Table 1 here].  304 

 305 

Episodic memory  306 

Second, analysis examined the effect of mindfulness meditation on behavioral performance of 307 

the episodic memory task. The mindfulness meditation training led to increases in source 308 



   

memory as measured by source discrimination (source d’). Although there was no interaction 309 

between group and time (F(1,38) = 1.16, MSE = .12, p = .29), pairwise comparisons showed that 310 

source discrimination increased from pre-training to post-training for the mindfulness meditation 311 

experimental group (F(1,19)=10.53, MSE=.12, p<.01), but not the waitlist control group (see Table 312 

2).  313 

 314 

[Place Table 2 here] 315 

 316 

EEG Results 317 

Third, EEG analysis examined the effect of mindfulness meditation on a neural correlate of 318 

episodic memory. Specifically, theta power was examined in right frontal and left parietal 319 

channels from 1000 to 1500 ms as these effects have been found in multiple source retrieval 320 

tasks54-57. For the left parietal channels, group interacted with time (F(1,37) = 9.52, MSE = .92, p 321 

< .01). Theta power increased from pre-training to post-training for the mindfulness meditation 322 

experimental group (F(1,19) = 17.37, MSE = .23, p< .01), but not the waitlist control group (see 323 

Figure 5). 324 

 325 

[Place Figure 5 here] 326 

 327 

Finally, the correlation between changes in mindfulness and changes in episodic memory 328 

behavioral performance and EEG was examined in the mindfulness meditation experimental 329 

group. There was a positive correlation between increases in FFMQ Describe scores from pre-330 

training to post-training and EEG theta power increases from pre-training to post-training in right 331 

frontal channels (r = .72, n = 20, p < .01, two-tailed, Bonferrroni corrected; see Figure 6). 332 

 333 

[Place Figure 6 here] 334 

 335 

FIGURE AND TABLE LEGENDS: 336 

 337 

Figure 1: Visual depiction of the sessions. Subjects completed the Five Facet Mindfulness 338 

Questionnaire (FFMQ)46 and performed the episodic memory task while EEG was recorded during 339 

the pre-training and post-training experimental sessions. Subjects were randomly assigned to 340 

either train in mindfulness meditation for four weeks or remain on a waitlist to be trained in 341 

mindfulness meditation. 342 

 343 

Figure 2: Visual depiction of the experimental paradigm. During the episodic memory task, 344 

subjects studied adjectives and either imagined a scene (place task) or judged its pleasantness 345 

(pleasant task). During the source retrieval phase subjects decided which task was performed 346 

with each word (“Old Place Task” or “Old Pleasant Task”) or “New”. This figure has been modified 347 

from Nyhus et al.60. 348 

 349 

Figure 3: Data categories included in the measurement of word memory. Trials were marked 350 

based on the behavioral condition and the subject’s response and used to calculate item 351 

discrimination (item d’). 352 



   

 353 

Figure 4: Data categories included in the measurement of source memory. Trials were marked 354 

based on the behavioral condition and the subject’s response and used to calculate source 355 

discrimination (source d’). 356 

 357 

Figure 5: Effect of mindfulness meditation on theta power. Theta power for the mindfulness 358 

meditation experimental and the waitlist control group for the pre-training compared to the 359 

post-training experimental session. (A) Time-frequency spectrograms across times and 360 

frequencies in a right frontal channel. (B) Time-frequency spectrograms across times and 361 

frequencies in a left parietal channel. (C) Theta power across all channels from 1000–1500 ms 362 

and differences from pre-training to post-training. (C) Black * marks analyzed channels in right 363 

frontal and left parietal regions. Color scale: decibel change from pre-stimulus baseline and p-364 

value of pre-training to post-training differences. This figure has been modified from Nyhus et 365 

al.60. 366 

 367 

Figure 6: Correlation between changes in FFMQ and theta power. Correlation between the 368 

average difference in theta power between pre-training and post-training for hits and correct 369 

rejections in right frontal channels and the difference in FFMQ Describe scores between pre-370 

training and post-training. This figure has been modified from Nyhus et al.60. 371 

 372 

Table 1: Five Facet Mindfulness Questionnaire data. FFMQ Total as well as Observe, Describe, 373 

Awareness, Nonjudge, and Nonreactive scores for the mindfulness meditation experimental and 374 

the waitlist control group for the pre-training compared to the post-training experimental 375 

session. Means with standard errors in parentheses are shown. This table has been modified 376 

from Nyhus et al.60. 377 

 378 

Table 2: Source behavioral data. Hit rate, false alarm rate, source discrimination (source d’) and 379 

response bias (source c) for the mindfulness meditation experimental and the waitlist control 380 

group for the pre-training compared to the post-training experimental session. Data are 381 

presented as means with standard errors in parentheses. This table has been modified from 382 

Nyhus et al.60. 383 

 384 

DISCUSSION:  385 

The current protocol provided the first evidence that mindfulness meditation can increase source 386 

memory and theta oscillations. By combining training in mindfulness meditation with behavioral 387 

and neural measures we are better able to understand the effects of mindfulness meditation on 388 

episodic memory and its neural correlates.  389 

 390 

Although previous research has separately examined the behavioral effects of mindfulness 391 

meditation on episodic memory17-20 and the neural effects of mindfulness meditation1,21-45, no 392 

study has combined behavior and EEG during episodic memory. In addition, previous research 393 

on mindfulness meditation has often studied expert meditators1,17,21-30,32,33,35-41,43,44 and 394 

therefore risks self-selection bias. By using a longitudinal design with randomly assigned 395 

mindfulness meditation and waitlist control groups we were better able to control for group 396 



   

differences. Finally, previous research on mindfulness meditation has often used the full 8-week 397 

MBSR course, but the current study showed significant effects with only 4-weeks of mindfulness 398 

meditation training. 399 

 400 

There were a number of key steps in successfully implementing these methods. First, random 401 

assignment to the mindfulness meditation experimental or waitlist control group was critical for 402 

ensuring that the groups were roughly equal. Second, it was important to focus the mindfulness 403 

meditation training on aspects of the MBSR course that relate to focusing attention and executive 404 

function (e.g., breath awareness) as these are most likely to contribute to episodic memory. 405 

Third, it was important to have subjects spend a substantial amount of time practicing 406 

mindfulness meditation and to accurately report the time they spent meditating each day. 407 

Fourth, it was important to equate the time between pre-training and post-training experimental 408 

sessions between the mindfulness meditation experimental and waitlist control groups to control 409 

for timing and to schedule the post-training experimental session as soon as possible following 410 

the mindfulness meditation training so that the effects of mindfulness meditation training did 411 

not dissipate prior to testing. Fifth, it is likely that mindfulness meditation affects episodic 412 

memory by increasing attention and executive function. Therefore, it was important to use an 413 

episodic memory task that requires executive function such as source memory. Finally, it is 414 

important to obtain high quality EEG data that is free of artifacts. 415 

 416 

Although there were advantages to this method over existing methods, a few limitations should 417 

be noted. The effect of mindfulness meditation on source memory was weak. This could have 418 

resulted from using subjects who were healthy young adults with good memory performance or 419 

the limited amount of time that subjects spent practicing mindfulness meditation. The 4-week 420 

mindfulness meditation training was shorter than the standard 8-week MBSR course and, on 421 

average, subjects did not report spending the full 20 min practicing mindfulness meditation each 422 

day. In addition, there was no active control group, so it is unclear how mindfulness meditation 423 

compares to other treatments in boosting source memory or theta oscillations. Finally, the EEG 424 

analysis methods used here do not separate out the contribution of periodic oscillatory power 425 

from aperiodic 1/f non-oscillatory power which may affect the interpretation of the results. 426 

Therefore, future research should consider using subjects with weaker memory ability, 427 

implementing the full 8-week MBSR course, employing an active control condition, and using 428 

newly developed analysis methods that separate out oscillatory and 1/f non-oscillatory activity61. 429 

 430 

Therefore, the current methods were successful in combining behavior and EEG to study the 431 

effects of mindfulness meditation on episodic memory. Future research should use these 432 

methods to compare mindfulness meditation with other treatments that have been shown to 433 

improve episodic memory and change the structure and function of the brain. In addition, future 434 

research should combine behavior and neural measures to examine the effect of mindfulness 435 

meditation on other facets of cognition. By combining behavioral and neural measures and 436 

comparing mindfulness meditation to alternative treatments we will be better able to determine 437 

the most promising treatments for cognitive enhancement. 438 

 439 
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Pre-training Post-training Pre-training Post-training

Total 128.13 (2.38) 138.07 (3.24) 123.59 (4.19) 121.25 (4.77)

Observe 26.98 (1.16) 28.70 (1.00) 23.83 (1.14) 23.70 (1.26)

Describe 29.5 (1.36) 31.82 (.99) 27.10 (1.25) 26.55 (1.26)

Awareness 25.25 (1.06) 26.95 (1.12) 25.27 (.94) 24.05 (1.28)

Nonjudge 24.65 (1.26) 27.60 (1.40) 27.50 (1.42) 27.00 (2.05)

Nonreacitve 21.75 (.99) 23.00 (1.08) 19.90 (1.09) 19.95 (1.16)
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Condition Pre-training Post-training Pre-training Post-training
Hit Place correct source .66 (.02) .67 (.03) .71 (.03) .69 (.02)

Pleasantness correct source.61 (.03) .72 (.03) .64 (.05) .74 (.03)

FA Place incorrect source.34 (.02) .33 (.03) .29 (.03 .31 (.02)

Pleasantness incorrect source.39 (.03) .28 (.03) .36 (.05) .26 (.03)

Source d' .70 (.11) 1.06 (.12) 1.04 (.17) 1.23 (.14)

Source c -.06 (.05) .07 (.05) -.12 (.12) .10 (.07)
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Name of Material/ Equipment Company Catalog Number Comments/Description

BrainVision actiCHamp Brain Products GmbH, Gilching, GermanyBP-09020 64-channel EEG system

BrainVision Recorder Brain Products GmbH, Gilching, GermanyBP-00020 EEG recording software for EEG data acquisition

E-Prime 2.0 Professional Psychology Software Tools, Inc., Sharpsburg, PAPST-100577 Software designed for behavioral research that can interface with the EEG recording

Qualtrics Qualtrics, Core XM Survey tool
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Software designed for behavioral research that can interface with the EEG recording



 

March 25, 2020 

 

Dear Dr. Cao, 

 

I have attached a revision of my Journal of Visualized Experiments manuscript 61247, 

“Combining behavior and EEG to study the effects of mindfulness meditation on episodic 

memory”. I am very grateful to you and the reviewers for your constructive feedback on 

the previous draft of the manuscript, and I believe that the new version of the paper 

addresses the concerns that were raised during the previous round of reviews. Below, I 

first provide an overview of the editor and reviewers’ concerns and my response to these 

concerns. Then, I provide point-by-point responses to each of the editor and reviewers’ 

comments. Please do not hesitate to contact me by email (enyhus@bowdoin.edu) if you 

have any questions. 

 

Sincerely, 

 

Erika Nyhus 

 

OVERVIEW OF CHANGES 
 

The reviewers' main concerns were as follows:  

 

Although the reviewers acknowledged that the paper clearly summarizes the methods, the 

general interest in the effect of mindfulness meditation in cognitive neuroscience, and the 

relevance of the paper to the journal, the editor and one of the reviewers noted lack of 

sufficient detail in the protocol. 

 

As stated for the editor point # 4 and Reviewer 1 point # 1 we have added more details to 

the protocol. 

 

POINT-BY-POINT REPLIES 
 

Editor 

 

POINT #1: Please take this opportunity to thoroughly proofread the manuscript to ensure 

that there are no spelling or grammar issues. The JoVEeditor will not copy-edit your 

manuscript and any errors in the submitted revision may be present in the published 

version. 

 

RESPONSE: We have proofread and made corrections throughout the manuscript. 

POINT #2: Please obtain explicit copyright permission to reuse any figures from a 

previous publication. Explicit permission can be expressed in the form of a letter from the 

editor or a link to the editorial policy that allows re-prints. Please upload this 

information as a .doc or .docx file to your Editorial Manager account. The Figure must 

Rebuttal Letter Click here to access/download;Rebuttal Letter;MeditationMemoryMethodsResponsetoReviewers.docx
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be cited appropriately in the Figure Legend, i.e. “This figure has been modified from 

[citation].” 

RESPONSE: We have obtained copyrights permissions for each figure.  Please see 

attached the permissions information from Frontiers in Human Neuroscience. The figures 

were reprinted from our previous work and were covered by Creative Commons 

permissions. 

 

POINT #3: Please revise lines 33-35, 251-252, 259-263, 271-275, and 282-284 to avoid 

textual overlap with previously published work. 

RESPONSE: Where possible we have revised the lines to avoid overlap with previously 

published work, but it was unclear to us how to revise the representative results. 

POINT #4: Please add more details to your protocol steps. There should be enough 

detail in each step to supplement the actions seen in the video so that viewers can easily 

replicate the protocol. Please ensure you answer the “how” question, i.e., how is the step 

performed? Alternatively, add references to published material specifying how to 

perform the protocol action. See examples below. 

RESPONSE: We have added more details to the protocol.  

POINT #5: 2.2.1: Please describe how to calculate scores. 

RESPONSE: We have added the following to the Mindfulness questionnaire section to 

describe how to score the FFMQ, “Subject’s mindfulness can be measured by calculating 

scores for FFMQ Total as well as Observe, Describe, Awareness, Nonjudge, and 

Nonreactive scales by summing up the scores for each subscale (note that for some items 

the scoring must be reversed (i.e. change 1 to 5, 2 to 4, 4 to 2, and 5 to 1) according to the 

instructions in the FFMQ46 (see scoring instructions in Supplementary Files).” 

POINT #6: 3.1: Please provide the list of adjectives used here. This can be provided in 

the supplemental file. 

RESPONSE: We have uploaded the list of adjectives to the Supplementary Files. 

POINT #7: 3.2: Please describe how to practice the source recognition task. 

RESPONSE: We have added the following to the Episodic memory task section to 

describe how subjects practice the source encoding and retrieval phases, “For each 

experimental session, have subjects practice the encoding phase by presenting 10 words 

and performing the encoding task as described below…For each experimental session, 

have subjects practice the source retrieval phase by presenting the 10 words that were 

shown at encoding practice and five new word and performing the source retrieval task as 

described below.” 



POINT #8: 3.2-3.4: When are these tasks performed? The timeline is unclear. 

RESPONSE: The episodic memory task, including the source encoding phase and source 

retrieval phase, are performed during the pre-training and post-training experimental 

sessions.  To clarify that the encoding and retrieval tasks are part of the episodic memory 

task, we have changed to encoding and retrieval “phase”. 

POINT #9: Section 4: When is the EEG recording done? The timeline is unclear. It is not 

included in Figure 1. 

RESPONSE: The EEG recording is done during the retrieval phase of the episodic 

memory task during the pre-training and post-training experimental sessions.  To clarify 

when EEG recording is done we added the following to the Episodic memory task 

section, “For each experimental session, have subjects perform the source retrieval phase 

while recording EEG.”  In addition, we have added EEG recording to Figure 1 to indicate 

when EEG recording is done. 

POINT #10: 4.1.1: What are the proper locations? Please specify. 

RESPONSE: Electrodes should be placed according to the 10-20 system.  To clarify that 

the electrodes should be placed according to the 10-20 system we added the following to 

the EEG recording and analysis section, “Measure the subject’s head and put all the 

electrodes on the correct size EEG cap according to the extended international 10-20 

system.” 

POINT #11: 4.2.1: What are the trial markers? 

RESPONSE: The trial markers are time stamps in the EEG corresponding to each 

behavioral condition.  To clarify that the trial markers are time stamps in the EEG 

corresponding to each behavioral condition we added the following to the Episodic 

memory task section, “Send time stamps that correspond to each behavioral condition to 

the EEG recording…NOTE: The episodic memory task can be designed using any 

software designed for behavioral research such as EPrime which can send time stamps to 

the EEG recording using Task Events (see Materials). ” 

POINT #12: 5.2: How many subjects are included in one group? 

RESPONSE: There should be 20 subjects in each group.  To clarify the number of 

subjects we added the following to the Subject recruitment and preparation for the 

experiment section, “Randomly assign 40 subjects to a mindfulness meditation 

experimental or waitlist control group for a total of 20 subjects in each group.” 

POINT #13: References: Please do not abbreviate journal titles; use full journal name. 

RESPONSE: We have changed all journal titles to the full journal name. 



Reviewer #1 

POINT #1: The major concern regarding this manuscript concern the simplicity of the 

details. The protocol details are described in a simple, easy to follow format akin to a 

recipe. As an expert in the field who knows the intricate details of how to conduct 

randomized control trials combining human behavioral and electrophysiological data, I 

was able to read between the lines. The major issue is that there is much to read between 

the lines. The following are things that are described in simplistic ways, when in reality, 

there is much knowledge and experience that is needed to implement each one of these 

steps. 

RESPONSE: As stated for the editor point # 4, we have added more details to the 

protocol.  

POINT #2: Coding behavioral tasks in software such as E-prime 

RESPONSE: We have added the following to the Episodic memory task section to direct 

readers to EPrime training, “EPrime tutorials and example experiments are available 

through Psychology Software Tools Inc. (https://pstnet.com) and through other online 

resources (e.g. https://step.talkbank.org48).”  

POINT #3: Setting up the EEG cap 

RESPONSE: We have added the following to the EEG recording and analysis section to 

direct readers to EEG capping training, “An EEG capping tutorial and other useful 

information is available through online resources (e.g. https://pursue.richmond.edu49).”  

POINT #4: Creating time stamps that correspond to behavioral events and line up with 

the EEG data at the appropriate time 

RESPONSE: As stated for the editor point # 11, we have clarified that the trial markers 

are time stamps in the EEG corresponding to each behavioral condition in the Episodic 

memory task section. 

POINT #5: Hiring a mindfulness meditation expert 

RESPONSE: We have added the following to the Mindfulness meditation training 

section to direct readers to MBSR certified instructors, “Instructors trained in the MBSR 

technique can be found online (e.g. https://www.brown.edu/public-

health/mindfulness/programs/mbsr-teacher-recognition).” 

POINT #6: Tracking the daily mindfulness meditation practice of all subjects 

RESPONSE: We have added the following to the Mindfulness meditation training 

section to describe how to track daily mindfulness meditation, “Track daily mindfulness 

meditation practice by asking subjects how many minutes they practiced mindfulness 



meditation, what they did during their meditation, and how the practice was going for 

them through daily emailed Qualtrics surveys (see Materials).” 

POINT #7: Additionally, MATLAB and EEGLAB have steep learning curves. This 

protocol is excellent for experts in the field, but may not be possible for non-experts or 

scientists who do not have previous experience with these techniques. 

RESPONSE: We have added the following to the EEG recording and analysis section to 

direct readers to EEGLab training “EEGLab training workshops and tutorials are 

available through the Swartz Center for Computational Neuroscience 

(https://sccn.ucsd.edu/eeglab/index.php).” 

POINT #8: At minimum, there needs to be some acknowledgment that if you are to 

attempt this type of protocol, you should reach out to experts in the field of EEG data 

analysis and/or behavioral neuroscience who are familiar with running randomized 

clinical trials. 

RESPONSE: In addition to the resources provided for EPrime training, EEG capping 

training, finding MBSR certified instructors, and EEGLab training, we have added the 

following to the end of the Protocol section, “NOTE: Please reach out to experts in 

Cognitive Neuroscience using the EEG technique for randomized controlled experiments 

for further information.” 

POINT #9: The authors mention tracking daily mindfulness. What program will be used 

to do this? How will this be implemented? Participants left to their own devices over the 

course of 4 weeks generally do not adhere to study protocol. This program will be 

implemented more successfully if subjects are assigned a case manager, someone to 

follow them throughout the study and call them on a weekly basis. 

RESPONSE: As stated for point # 6, we have added a description of how to track daily 

mindfulness meditation to the Mindfulness meditation training section.  In addition, 

subjects in the mindfulness meditation experimental group meet as a group for one hour 

each week for four weeks with the mindfulness meditation instructor. 

POINT #10: No sample size or participant demographics/characteristics reported. 

Please report. 

RESPONSE: We have added the following to the beginning of the Representative Results 

section to describe the subjects, “Representative results are reported for 40 meditation 

naïve, right-handed, fluent English-speaking subjects (10 male and 10 female subjects 

ranging from 18-22 years old in the mindfulness meditation experimental group and 7 

male and 13 female subjects ranging from 18-22 years old in the waitlist control group).” 

POINT #11: Figure may be helpful to explain the different categories of responses in the 

episodic memory task-- hit, correct rejection, false alarm, correct source, incorrect 

source 



RESPONSE: We have replaced the text with two figures to show the data categories 

included in the analysis (Figures 3 and 4).   

POINT #12: Age range seems unnecessarily narrow; provide more detailed information 

RESPONSE: We have added the following to the Subject recruitment and preparation for 

the experiment section to describe the age range, “Studying younger children and older 

adults would require a separate age-specific study.  The development of the frontal and 

parietal lobes is important for performing the episodic memory task.  And there is 

variability in the EEG across age.  Studying younger children and older adults requires 

age specific cognitive tasks and specialized EEG recording and data analysis protocols 

that are not accommodated in the present protocol.” 

POINT #13: 4 weeks is a short intervention and is not MBSR (which is 8 weeks and 

multidimensional including yoga, breathing, meditation and relaxation techniques). This 

should be clarified as to not misrepresent the teacher qualification and/or the integrity of 

MBSR. 

RESPONSE: We have added the following to the Mindfulness meditation training 

section to clarify that the four weeks of mindfulness meditation training was not the 

standard MBSR course, “The standard MBSR course is eight weeks and includes breath 

awareness, sitting meditation, yoga, and relaxation techniques...These practices, which 

relate to focusing attention and executive function are most likely to contribute to 

episodic memory.”  As stated for point # 5, we direct readers to MBSR certified 

instructors in the Mindfulness meditation training section. 

 

Reviewer #3 
 

POINT #1: The introduction is very well written. It's probably worth also citing the 

following two studies in the introductory background, which examined EEG activity 

related to recognition memory in long term meditators. In particular, the second study 

examined theta activity related to memory and did not find a difference between the 

meditation group and control group (it's also worth adjusting the point in the discussion 

that "no study has combined behaviour and EEG during episodic memory"): 

 

Wang, M. Y., Freedman, G., Raj, K., Fitzgibbon, B. M., Sullivan, C., Tan, W. L., ... & 

Bailey, N. W. (2019). Mindfulness meditation alters neural activity underpinning working 

memory during tactile distraction. BioRxiv, 790584. 

 

Bailey, N. W., Freedman, G., Raj, K., Spierings, K. N., Piccoli, L. R., Sullivan, C. M., ... 

& Fitzgerald, P. B. (2019). Mindfulness meditators show enhanced working memory 

performance concurrent with different brain region engagement patterns during recall. 

bioRxiv, 801746. 

 



RESPONSE: We have added the citation to Wang et al., 2019 and Bailey et al., 2019 to 

the Introduction.  But because these studies used working memory tasks we have not 

changed the discussion. 

 

POINT #2: Point 2.2 - how would the mindfulness data be analysed? Is it important to 

note that some of the FFMQ items are reverse scored? 

RESPONSE: As stated for the editor point # 5, we have added a description of how to 

score the FFMQ to the Mindfulness questionnaire section. 

POINT #3: 3.1 - how would researchers equate for word frequency? (there's probably 

some research that could be referred to here right?). How many words should be in the 

list? 

RESPONSE: As stated for the editor point # 6, we have uploaded the list of adjectives to 

the Supplementary Files which includes 800 adjectives that are equated for word 

frequency according to the Kucera and Francis47 word norms  

POINT #4: 3.3 and 3.4.1 - how long is each word presented for? 

RESPONSE: The timeline of the experimental paradigm is shown in Figure 2.  To clarify 

where to find the timing of the experimental paradigm we added the following to the 

Episodic memory task section, “see Figure 2 for a visual depiction of the encoding 

procedure…see Figure 2 for a visual depiction of the source retrieval procedure.” 

POINT #5: I feel like 3.5 should be specified earlier, so that the researchers know that 

trials need to be marked with the proper condition prior to running the task (otherwise 

they won't be able to go back and perform this step if they missed it earlier). Also, 

"proper condition" could be better defined / more specifically explained, and it should 

probably be specified that the markers need to appear on the EEG trace. 

RESPONSE: As stated for the editor point # 11 and Reviewer 1 point # 4, we have 

clarified that the trial markers are time stamps in the EEG corresponding to each 

behavioral condition in the Episodic memory task section.  As stated for Reviewer 1 

point # 11, we have replaced the text with two figures to show the data categories 

included in the analysis (Figures 3 and 4).  To clarify that the proper condition is based 

on the behavioral condition and the subject’s response we added the following to the 

Episodic memory task section, “Mark each trial based on the behavioral condition and the 

subject’s response (see Figures 3 and 4) and analyze the episodic memory behavioral 

data.”   

 

POINT #6: It's probably worth specifying the participant sessions early on in the 

methods, so researchers understand when they should schedule the sessions and how 

often the tasks / FFMQ is being recorded before they start reading about the details of 

what happens in each session. 



RESPONSE: The sessions are shown in Figure 1.  To clarify where to find the sessions 

we added the following to the Subject recruitment and preparation for the experiment 

section, “see Figure 1 for a visual depiction of the sessions.” 

POINT #7: 4.1.1 - probably worth defining "proper locations" for the naïve researcher 

(eg. According to the 10-20 system, FPz located at a certain measurement from the 

nasion…). 

RESPONSE: As stated for the editor point # 10, we have clarified that the electrodes 

should be placed according to the 10-20 system. 

POINT #8: 4.1.4 - under 25kΩ might be different for different EEG systems. I would 

recommend something more like "under the resistance level recommended by the specific 

EEG recording system chosen for use by the researchers" 

RESPONSE: We have changed to, “Using the EEG recording software (see Materials), 

click on impedances and make sure they are under the resistance level recommended by 

the specific EEG system chosen for use by the researchers.” 

POINT #9: 4.2.2 - EEG recording software parameters should be set up before the 

source retrieval task is started and before the EEG is starting to record (and should be 

identical for all participants). 

RESPONSE: The EEG recording parameters have been moved before EEG recording 

and the source retrieval phase in the EEG recording and analysis section.  To clarify the 

EEG recording parameters we added the following to the EEG recording and analysis 

section, “Set the EEG amplifier with the EEG recording software by clicking on edit 

workspace and set to acquire signal with a .1-100 Hz bandpass filter and 500 Hz 

sampling rate for all subjects.” 

POINT #10: 4.4.5 - It should be made more clear that the eye blinks are not being 

deleted, but that the data is being reconstructured after removal of the influence of eye 

blinks using ICA. It should be specified that the large artifacts are deleted epoch by 

epoch. 

1.1.1 RESPONSE: We have added the following to the EEG recording and analysis 

section to clarify artifact rejection and correction, “Detect and reject trials with large 

artifacts (voltage fluctuations of over 1,000 μV or data 5 standard deviations beyond the 

norm).  Reconstruct the EEG after running independent component analysis (ICA)52 and 

identifying and removing noise components53.” 

POINT #11: 4.4.6 - please specify the details of the Molet Wavelet transform (how many 

cycles, what resolution). 

RESPONSE: We have added the following to the EEG recording and analysis section to 

describe the wavelet, “Convert the EEG data to the time frequency domain across 100 



log-spaced frequencies from 3 Hz to 125 Hz using a Morlet wavelet transformation with 

the wavelet increasing from 3 cycles at 3 Hz to 25 cycles at 125 Hz.”  

POINT #12: 4.4.7 - This sounds like a repeated measures ANOVA design, which cluster 

based statistics used with EEGLAB aren't recommended for. It might be worth 

recommending software that can perform this type of ANOVA design, or suggesting 

electrode locations that are likely to be good targets for analysis. 

RESPONSE: We have added the following to the EEG recording and analysis section to 

suggest electrode locations for analysis, “Compare theta power relative to pre-stimulus 

baseline in the mindfulness meditation experimental and waitlist control groups across 

pre-training and post-training experimental sessions in right frontal and left parietal 

channels which show effects during source retrieval54-57.” 

POINT #13: 5.5 - should there be an exclusion criteria for participants whose post-

training experimental session is too long after successful completion? Similarly, for 

participants who practiced under a specified minimum amount? 

RESPONSE: We did not have exclusion criteria for our experiment as it is not clear how 

long after completion of mindfulness meditation training is too long or what the 

minimum amount of practice is.  We discuss the limited amount of time that subjects 

spent practicing mindfulness meditation in the Dicsussion.  We have added the following 

to the Mindfulness meditation training section to suggest exclusion criteria for future 

research, “Researchers should consider excluding subjects who do not spend a substantial 

amount of time practicing mindfulness meditation…Researchers should consider 

excluding subjects who are unable to complete the post-training experimental session 

soon after the completion of the mindfulness meditation training.”  

POINT #14: Episodic Memory results - p value is missing for the interaction between 

group and time. 

RESPONSE: Thanks for the correction, we have added “p=.29”.  

POINT #15: I think it's probably worth noting the issue with 1/f activity confounding 

measurements of neural oscillations, and recommending future research address this 

issue (traditional EEG oscillation measurements do not separate neural oscillations from 

1/f non-oscillatory activity, so when results are interpreted as reflecting differences in 

oscillations, this might be inaccurate). See Haller, M., Donoghue, T., Peterson, E., 

Varma, P., Sebastian, P., Gao, R., ... & Voytek, B. (2018). Parameterizing neural power 

spectra. BioRxiv, 299859 and Ouyang, G., Hildebrandt, A., Schmitz, F., & Herrmann, C. 

S. (2020). Decomposing alpha and 1/f brain activities reveals their differential 

associations with cognitive processing speed. NeuroImage, 205, 116304. 

RESPONSE: We have added the following to the Discussion section to describe the issue 

with 1/f activity, “Finally, the EEG analysis methods used here do not separate out the 

contribution of periodic oscillatory power from aperiodic 1/f non-oscillatory power which 



may affect the interpretation of the results.  Therefore, future research should consider 

using subjects with weaker memory ability, implementing the full 8-week MBSR course, 

employing an active control condition, and using newly developed analysis methods that 

separate out oscillatory and 1/f non-oscillatory activity61.” 

POINT #16: Is it also worth stating somewhere that multiple comparisons should be 

controlled for? 

RESPONSE: Yes, multiple comparisons should be controlled for.  To clarify that 

multiple comparisons should be controlled for we added the following to the EEG 

recording and analysis and the Representative results sections, “All analyses should 

control for multiple comparisons…All post-hoc tests corrected for multiple 

comparisons.”  



Five Facet Mindfulness Questionnaire (FFMQ) 
Ruth A. Baer, Ph.D. 

University of Kentucky 
------------------------------------------------------------------------------------------------------------------ 
 
Please rate each of the following statements using the scale provided.  Write the number in 
the blank that best describes your own opinion of what is generally true for you. 
 

1 2 3 4 5 
never or very 

rarely true 
rarely 
true 

sometimes 
true 

often 
true 

very often or 
always true 

 
_____ 1.  When I’m walking, I deliberately notice the sensations of my body moving. 

_____ 2.  I’m good at finding words to describe my feelings. 

_____ 3.  I criticize myself for having irrational or inappropriate emotions. 

_____ 4.  I perceive my feelings and emotions without having to react to them. 

_____ 5.  When I do things, my mind wanders off and I’m easily distracted. 

_____ 6.  When I take a shower or bath, I stay alert to the sensations of water on my body. 

_____ 7.  I can easily put my beliefs, opinions, and expectations into words. 

_____ 8.  I don’t pay attention to what I’m doing because I’m daydreaming, worrying, or 

  otherwise distracted. 

_____ 9.  I watch my feelings without getting lost in them. 

_____ 10. I tell myself I shouldn’t be feeling the way I’m feeling. 

_____ 11. I notice how foods and drinks affect my thoughts, bodily sensations, and emotions. 

_____ 12. It’s hard for me to find the words to describe what I’m thinking. 

_____ 13. I am easily distracted. 

_____ 14. I believe some of my thoughts are abnormal or bad and I shouldn’t think that way. 

_____ 15. I pay attention to sensations, such as the wind in my hair or sun on my face. 

_____ 16. I have trouble thinking of the right words to express how I feel about things 

_____ 17. I make judgments about whether my thoughts are good or bad. 

_____ 18. I find it difficult to stay focused on what’s happening in the present. 

_____ 19. When I have distressing thoughts or images, I “step back” and am aware of the  

  thought or image without getting taken over by it. 

_____ 20. I pay attention to sounds, such as clocks ticking, birds chirping, or cars passing. 

_____ 21. In difficult situations, I can pause without immediately reacting. 

Click here to access/download;Supplemental File (Figures, Permissions, etc.);Suppl File 1-FFMQ.pdf
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FFMQ  p. 2 
 

1 2 3 4 5 
never or very 

rarely true 
rarely 
true 

sometimes 
true 

often 
true 

very often or 
always true 

 

_____ 22. When I have a sensation in my body, it’s difficult for me to describe it because I can’t 

  find the right words. 

_____ 23. It seems I am “running on automatic” without much awareness of what I’m doing. 

 _____24. When I have distressing thoughts or images, I feel calm soon after. 

_____ 25. I tell myself that I shouldn’t be thinking the way I’m thinking. 

_____ 26. I notice the smells and aromas of things. 

_____ 27. Even when I’m feeling terribly upset, I can find a way to put it into words. 

_____ 28. I rush through activities without being really attentive to them. 

_____ 29. When I have distressing thoughts or images I am able just to notice them without 

  reacting. 

_____ 30. I think some of my emotions are bad or inappropriate and I shouldn’t feel them. 

_____ 31. I notice visual elements in art or nature, such as colors, shapes, textures, or patterns 

of light and shadow. 

_____ 32. My natural tendency is to put my experiences into words. 

_____ 33. When I have distressing thoughts or images, I just notice them and let them go. 

_____ 34. I do jobs or tasks automatically without being aware of what I’m doing. 

_____ 35. When I have distressing thoughts or images, I judge myself as good or bad, 

depending what the thought/image is about. 

_____ 36. I pay attention to how my emotions affect my thoughts and behavior. 

_____ 37. I can usually describe how I feel at the moment in considerable detail. 

_____ 38. I find myself doing things without paying attention. 

_____ 39. I disapprove of myself when I have irrational ideas. 

  



FFMQ Scoring instructions 
 
For all items marked “R” the scoring must be reversed. Change 1 to 5, 2 to 4, 4 to 2, and 5 to 1 
(3 stays unchanged). Then sum the scores for each subscale. 
 
Observing 
 
1, 6, 11, 15, 20, 26, 31, 36 
 
Describing 
 
2, 7, 12R, 16R, 22R, 27, 32, 37   
 
Acting with awareness 
 
5R, 8R, 13R, 18R, 23R, 28R, 34R, 38R 
 
Nonjudging of inner experience 
 
3R, 10R, 14R, 17R, 25R, 30R, 35R, 39R 
 
Nonreactivity to inner experience  
 
4, 9, 19, 21, 24, 29, 33  
 

 



Version date: 3/26/20 

Bowdoin Mindfulness Research Project: Class One Outline 

6:00-6:10  Welcome and brief overview of program. 
1-2 minute breathing space to transition from busyness of life to class. 
Introductions 
 

6:10-6:15 Remind participants of guidelines: importance of attendance, within group confidentiality and limits of 

confidentiality, importance of taking care of one’s self, refraining from offering advice, NOT reading 

about mindfulness for these 4 weeks, try not to wear perfume or other heavy scents to class, what to do 

if late or miss a session, how to contact teacher 

6:15-6:35 Mindfulness attention exercise – Breath focus 

6:35-6:50 Self Inquiry and questions 

 What did you notice? 

 How is this different than you normally would pay attention? 

 How could this be of benefit to you? 
 
6:50-6:55 Review invitation for home practice 

6:55-7:00 Brief Breath Focus closing and thank you 

 

Bowdoin Mindfulness Research Project: Class Two - Four Outline 

6:00-6:05  1-2 minute breathing space to transition from busyness of life to class. 
 
6:05-6:15 Review home practice 

 
6:15-6:40 Mindfulness guided attention exercise – Breath focus 

6:40-6:55 Self Inquiry and questions 

 What did you notice? 

 How is this different than you normally would pay attention? 

 How could this be of benefit to you? 
 
6:55-7:00 Review invitation for home practice  

Brief Breath Focus closing and thank you 
 

 

Materials needed: 

 Cushions, blankets 

 Handouts  

  Contact Information, class schedule, homework summary, CD or link to download 

    

Introductions 

Try to steer introductions away from typical occupation, location info to present moment class-focused comments 

Welcome all observations and normalize concerns 

 

 

  

Click here to access/download;Supplemental File (Figures, Permissions, etc.);Suppl File 2_BowdoinResearchOutline.docx
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Version date: 3/26/20 
 

Bowdoin Mindfulness Research Project 

Class One 

Contact information: 

Ben Tipton 
bensimpleliving@gmail.com 
 

Class Schedule: 

Class One:  XXXXX 
Class Two:  XXXXX 
Class Three:  XXXXX 
Class Four:  XXXXX 
 
Class Guidelines: 

 If you will be late or you must miss a class, please call or email me to let me know. 

 Please maintain confidentiality outside of class.  You may discuss your own experiences when talking with 
others, but please do not share any information about other participants.   

 If possible, try not to wear perfume or other strong scents to class. 

 Take care of yourself: if something doesn’t feel right for your mind or body, ease off, and feel free to speak with 
me about any problems or questions that arise. 

 

Home Practice: 

 Use the provided recording to practice the breath focus meditation each day this week 

 Bring mindful attention to one activity a day (e.g., brushing your teeth, washing your hands, sipping 

your coffee)  
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SORE
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THEOLOGICAL
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stim kffreq nlet

SOLEMN 12 6

NOBLE 23 5

DISMAL 8 6

SATIRICAL 3 9

BROWN 176 5

BAD 142 3

DIDACTIC 0 8

DELICIOUS 4 9

FORENSIC 7 8

BLOODY 8 6

RENOWNED 2 8

SHINY 3 5

GEOMETRIC 17 9

BRIEF 73 5

RHYTHMICAL 1 10

SIMPLE 161 6

SMALL 542 5

INDULGENT 2 9

FAIRY 4 5

ACCESSIBLE 5 10

NAZI 13 4

PERILOUS 8 8

FANATICAL 2 9

SQUEAMISH 1 9

FESTIVE 2 7

POETIC 31 6

METICULOUS 1 10

STUDIOUS 1 8

CAUTIONARY 0 10

TURKISH 12 7

SAMOAN 0 6

SAVAGE 22 6

CALM 35 4

BLESSED 13 7

VETERINARY 4 10

NICE 75 4

SWEATY 5 6

PLANETARY 21 9

CARIBBEAN 7 9

PERSIAN 10 7

NOXIOUS 2 7

BABYISH 0 7

FLOWERY 0 7

BOOKISH 1 7

COSMETIC 1 8

ARCH 13 4

BAROQUE 11 7

SUBTLE 25 6

FLASHY 3 6

GRISLY 2 6

CLASSY 0 6

SUSPICIOUS 13 10

VILE 5 4

MATURE 31 6

PARISIAN 3 8

UNDAMAGED 1 9



BUSY 58 4

GENEROUS 25 8

UNCLEAN 4 7

VIOLENT 33 7

CUBAN 19 5

BUFF 5 4

SHARP 72 5

HIGH 497 4

CONTENT 53 7

DISHONEST 2 9

COLOMBIAN 2 9

RARE 41 4

PUBLIC 438 6

FURIOUS 8 7

MURDEROUS 4 9

KOREAN 11 6

BAY 57 3

WARM 67 4

PALE 58 4

ANGRY 45 5

SPOOKY 2 6

INTERIOR 74 8

DOGMATIC 4 8

HOMELY 9 6

GAUDY 7 5

MEDICAL 162 7

RAINY 5 5

RIGHTEOUS 5 9

AWKWARD 11 7

APATHETIC 1 9

HOSPITABLE 4 10

SOCIAL 380 6

SERBIAN 0 7

SOAPY 2 5

TRIBAL 6 6

COMICAL 0 7

PHALLIC 0 7

SOMBRE 2 6

TRANQUIL 2 8

BLEAK 10 5

GRAPHIC 6 7

BIG 360 3

CRAZY 34 5

DETECTIVE 52 9

LAVISH 3 6

UNNATURAL 8 9

INDUSTRIAL 143 10

MYTHICAL 0 8

GALACTIC 1 8

MALODOROUS 0 10

PHENOMENAL 2 10

ETHICAL 29 7

AFRAID 57 6

SEEDY 0 5

ABOMINABLE 0 10

SACRED 38 6

VULGAR 7 6



SHABBY 5 6

ALIEN 16 5

DUMB 13 4

MUSICAL 85 7

NAKED 32 5

GRAY 80 4

DIM 19 3

EXTREME 62 7

FEARSOME 1 8

AGLOW 0 5

FLORAL 3 6

MEDITATIVE 2 10

MODEST 29 6

CAUTIOUS 10 8

ANXIOUS 29 7

FOGGY 5 5

FICTIONAL 13 9

LAZY 9 4

INCOMPLETE 13 10

VALUABLE 45 8

IDLE 13 4

UNKEPT 0 6

STORMY 8 6

QUAINT 12 6

TACKY 0 5

UNSIGHTLY 1 9

EXPENSIVE 44 9

CREEPY 1 6

REBELLIOUS 2 10

CRIMINAL 24 8

GAY 30 3

FISHY 0 5

TIRESOME 3 8

PASTORAL 6 8

BOSTONIAN 1 9

EMOTIONAL 68 9

PEDIGREED 1 9

RADIANT 8 7

FILTHY 7 6

BRIGHT 87 6

MEXICAN 24 7

BEASTLY 0 7

DRY 68 3

MILITARY 212 8

MERRY 8 5

VICTORIAN 8 9

FAVOURABLE 0 10

WHITE 365 5

CLAMMY 2 6

ETHNIC 13 6

COURAGEOUS 4 10

RUSTIC 3 6

RICH 74 4

SHADOWY 1 7

SYRIAN 1 6

PERSONABLE 0 10

UNIVERSAL 45 9



DUMPY 0 5

ANCIENT 69 7

USUAL 96 5

FUTURE 227 6

PASSIONATE 12 10

ANTISOCIAL 2 10

ABUNDANT 9 8

NATURAL 156 7

EXCLUSIVE 28 9

MOROSE 2 6

NORMAL 136 6

AGILE 2 5

BLUE 143 4

DULL 27 4

WEAK 32 4

WEIRD 10 5

ARMENIAN 1 8

GLOOMY 3 6

CORDIAL 6 7

FOUL 4 4

JAPANESE 53 8

RAW 43 3

HANDSOME 40 8

SHADY 1 5

EUROPEAN 61 8

SOUTHERN 137 8

PECULIAR 27 8

DEEP 109 4

HEINOUS 0 7

MISERABLE 13 9

DEVOID 6 6

THRIFTY 3 7

CURRENT 104 7

JOYOUS 5 6

LIQUID 48 6

OPPRESSIVE 4 10

CUNNING 5 7

CHEESY 0 6

PUPAL 0 5

NAVAL 33 5

FOREIGN 158 7

EERIE 2 5

WELCOME 50 7

OUTLANDISH 1 10

BENIGN 1 6

DILIGENT 2 8

POSTAL 7 6

IMPOSING 7 8

SWEET 70 5

EVERYDAY 12 8

FUZZY 7 5

IMPOSSIBLE 84 10

GRIM 14 4

SCHOLASTIC 9 10

OLD 660 3

EPIC 18 4

COSMIC 18 6



JUDICIOUS 1 9

ALIVE 57 5

CORRUPT 8 7

HOMOSEXUAL 2 10

LITTLE 831 6

JUVENILE 18 8

LEGENDARY 6 9

MORBID 1 6

CLIMACTIC 4 9

FULL 230 4

DEAD 174 4

NAUTICAL 2 8

BRITTLE 3 7

POLITICAL 258 9

TYPICAL 65 7

VENEZUELAN 2 10

HISTORIC 23 8

TECHY 0 5

BETTER 414 6

OMNIPOTENT 0 10

UNCULTURED 0 10

GREASY 8 6

CANADIAN 7 8

CHINESE 56 7

BANKRUPT 5 8

SECRETIVE 0 9

CHERUBIC 0 8

SADISTIC 2 8

ACTIVE 88 6

PIOUS 10 5

AERONAUTIC 0 10

AGED 18 4

INFANTILE 2 9

DOMINANT 65 8

CULINARY 0 8

CATHOLIC 84 8

SIBERIAN 1 8

EXQUISITE 3 9

MAGICAL 12 7

EVEN 1171 4

ASHEN 2 5

PLEASANT 38 8

MOTHERLY 1 8

OBSCURE 17 7

SOPHISTIC 0 9

EVIL 72 4

SKETCHY 0 7

GOTHIC 4 6

POLISH 19 6

PROTECTIVE 14 10

CONTAGIOUS 2 10

OBSCENE 2 7

UNBECOMING 0 10

DOCILE 4 6

TRAGIC 33 6

SURGICAL 1 8

EASYGOING 1 9



SEVERE 39 6

GHASTLY 6 7

EXECUTIVE 55 9

ILLICIT 3 7

MYSTICAL 5 8

ARTISTIC 33 8

RIDICULOUS 19 10

MORTAL 10 6

SIAMESE 4 7

DECORATIVE 8 10

MONUMENTAL 5 10

RUDE 6 4

IRISH 28 5

ADMIRABLE 10 9

ALOOF 5 5

TAME 5 4

VIENNESE 1 8

SEXUAL 59 6

EROTIC 8 6

HEROIC 21 6
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