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SHORT ABSTRACT:  21 
A sitting platform has been developed and assembled that passively destabilizes sitting posture 22 
in humans. During the user’s stabilizing task, an inertial measurement unit records the device’s 23 
motion, and vibrating elements deliver performance-based feedback to the seat. The portable, 24 
versatile device may be used in rehabilitation, assessment, and training paradigms. 25 
 26 
LONG ABSTRACT:  27 
Postural perturbations, motion tracking, and sensory feedback are modern techniques used to 28 
challenge, assess, and train upright sitting, respectively. The goal of the developed protocol is to 29 
construct and operate a sitting platform that can be passively destabilized while an inertial 30 
measurement unit quantifies its motion and vibrating elements deliver tactile feedback to the 31 
user. Interchangeable seat attachments alter the stability level of the device to safely challenge 32 
sitting balance. A built-in microcontroller allows fine-tuning of the feedback parameters to 33 
augment sensory function. Posturographic measures, typical of balance assessment protocols, 34 
summarize the motion signals acquired during timed balance trials. No dynamic sitting protocol 35 
to date provides variable challenge, quantification, and sensory feedback free of laboratory 36 
constraints. Our results demonstrate that non-disabled users of the device exhibit significant 37 
changes in posturographic measures when balance difficulty is altered or vibrational feedback 38 
provided. The portable, versatile device has potential applications in rehabilitation (following 39 
skeletal, muscular, or neurological injury), training (for sports or spatial awareness), 40 
entertainment (via virtual or augmented reality), and research (of sitting-related disorders). 41 
 42 
INTRODUCTION:  43 
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Upright sitting is a prerequisite for other human sensorimotor functions, including skilled 44 
movements (e.g., typing) and perturbed balance tasks (e.g., riding on a train). To rehabilitate 45 
and improve sitting and related functions, modern balance training techniques are used: 46 
unstable surfaces perturb sitting1,2 and motion tracking quantifies balance proficiency3,4. 47 
Balance training outcomes improve when vibration is delivered to the body using patterns that 48 
match performance5. Such sensory feedback is evidently effective as a rehabilitation and 49 
training method; yet, current sensory feedback methods are geared towards standing balance 50 
and require laboratory-based equipment6,7.  51 
 52 
The purpose of the work presented here is to build a portable device that can be sat upon and 53 
passively destabilized to various degrees while built-in instruments record its position and 54 
deliver vibrational feedback to the sitting surface. This combination of tools integrates previous 55 
work on wobble chairs2,4 and vibrational feedback5–7, making the benefits of these tools more 56 
powerful and accessible. Also presented are a procedure to train upright sitting and an analysis 57 
of the quantitative outcomes, following the established literature on posturographic measures8. 58 
These methods are appropriate for studying the effects of sitting balance exercise with an 59 
unstable surface when combined with vibrational feedback. Anticipated applications include 60 
sports training, general improvement of motor coordination, assessment of balance 61 
proficiency, and rehabilitation following skeletal, muscular, or neurological injury.  62 
 63 
PROTOCOL:  64 
 65 
All methods described here have been approved by the Health Research Ethics Board of the 66 
University of Alberta. 67 
 68 
1. Construction and Assembly of Structural Components 69 
 70 
1.1. Use a computer numerical controlled (CNC) milling machine to construct a cylindrical 71 
chassis, lid, and base from polyethylene as shown in Figure 1. Apply grip tape or another 72 
suitable upholstery to the lid. Bolt the base to the chassis. 73 
 74 
NOTE: The mill features for attachment of bolts and other parts are according to the drawing 75 
files and 3D solid model files provided (see Supplementary Files 1 and 2). All structural 76 
components have a corresponding solid model and drawing that are available for download and 77 
can be used to replicate the construction process. 78 
 79 
1.2. Construct an attachment interface for interchangeable hemispherical bases: weld a base 80 
nut to a steel weld plate. Insert the base stud through the center of the chassis and bolt the 81 
base stud to the base, as shown in Figure 1. 82 
 83 
1.3. Insert a rod through the center of the base and thread the rod into the base stud such that 84 
approximately 35 mm of the rod protrudes from the base. Use a milling machine to construct a 85 
cylindrical polyvinyl chloride sleeve that fits the protruding rod, as shown in Figure 1. Make the 86 
sleeve 37 mm long, with an outer diameter of 32 mm. 87 



  

 
 

 88 
1.4. Weld steel flanges to each side of a steel hitch, as shown in Figure 1. Bolt the hitch to the 89 
front of the base. 90 
 91 
1.5. Use a CNC turning machine to construct 5 identical cylinders from polyethylene, each with 92 
a height of 63 mm and a diameter of 152 mm. In the center of the top surface of each cylinder, 93 
cut a 32 mm hole to a depth of 38 mm so that it fits the cylindrical sleeve (see Step 1.3. above) 94 
with some interference.  95 
 96 
1.6. On the bottom surface of each cylinder, use a CNC turning machine to cut a uniformly 97 
curved base with a unique radius of curvature for each of the 5 cylinders, maintaining the 98 
overall height of 63 mm, as shown in Figure 2.  99 
 100 
NOTE: The radius of curvature and height of the base determine the stability of the device. The 101 
suggested radii of curvature for this height are between 110 mm (very unstable) and 250 mm 102 
(slightly unstable), as shown in Table 1. 103 
 104 
1.7. Construct a leg support attachment as shown in Figure 3, by first welding a 70 mm steel 105 
hitch insert perpendicularly to one end of a 575 mm steel extrusion. At the other end, clamp a 106 
300 mm cylindrical steel footrest to the extrusion. For detailed part dimensions, see 107 
Supplementary File 1 (drawings) and Supplementary File 2 (3D solid models). 108 
 109 
1.8. Use a bandsaw to cut a rectangular steel bar (29 mm by 100 mm) to a length of 110 
approximately 160 mm so that it weighs 3.6 kg. Insert the steel bar at the back of the chassis to 111 
counterbalance the leg support attachment, as shown in Figure 1. 112 
 113 
1.9. Assemble the device as shown in Figure 4. Connect the leg support by inserting clevis pins 114 
through the hitch and hitch insert. Adjust the location of the clamp to the desired foot rest 115 
height. Insert the protruding rod into the desired curved base. Put on the lid. 116 
 117 
2. Instrumenting the Device 118 
 119 
2.1. Acquire a microcontroller (see the Table of Materials), an inertial measurement unit and 120 
eight vibrating tactors. Connect the inertial measurement unit and vibrating tactors to the 121 
microcontroller.  122 
 123 
2.2. Program the microcontroller such that it reads antero-posterior (AP) and medio-lateral 124 
(ML) tilt angles from the inertial measurement unit and turns the vibrating tactors on or off 125 
based on the tilt angles. See Supplementary File 3 (exemplary microcontroller script) and Step 126 
2.2.1. 127 
 128 
NOTE: Inertial measurement units that utilize accelerometers and gyroscopes are prone to 129 
error. Perform a positional calibration of the sensors: rest the device on a level surface and use 130 
this position as a baseline for all following measurements. Use a motion capture system or 131 



  

 
 

similar approach to validate the tilt angle measurements and ensure that they are sufficiently 132 
accurate throughout the expected range of use (spatial and temporal). Ensure the vibrating 133 
tactors operate at a frequency of no more than 200 Hz, so as to induce a one-to-one response 134 
of sensory receptors in human skin or muscle9. 135 
 136 
2.2.1. Upload the microcontroller script that generates vibrotactile cues based on a feedback 137 
control signal that represents a weighted sum of AP (or ML) tilt angle and velocity. 138 
 139 
NOTE: The computer activates three tactors closest to the left, right, front, or back of the 140 
surface when the control signal exceeds a threshold in that direction; or five tactors if an AP 141 
and ML threshold are surpassed simultaneously; none of the tactors are active when the 142 
control signal is below the threshold in both directions (i.e., in the no-feedback zone).  143 
 144 
2.3. Secure the inertial measurement unit in the center of the chassis. Arrange the vibrating 145 
tactors on a regular octagon with a radius of 10 cm, centered 8 cm anterior of the center of the 146 
chassis so that they will lie under the seat of an average-sized person10. A photograph of one 147 
potential arrangement is shown in Figure 4. 148 
 149 
NOTE: If the vibrating tactors are not powerful enough to vibrate the user, improve the 150 
interface between tactor and skin by cutting holes into the lid and fixating the vibrators to rest 151 
flush with the surface. If the method used to secure the vibrators in place causes dampening of 152 
the vibration, consider using a two-part mounting enclosure with a loose-fit locating pin, as 153 
shown in Figure 5. 154 
 155 
2.4. Connect the microcontroller to a laptop or desktop computer via a universal serial bus 156 
(USB) or other suitable communication method. Open the user interface, shown in Figure 6. 157 
 158 
NOTE: Alternatively, connect the microcontroller to a battery or other power source. This 159 
improves the portability of the device, but precludes a user interface. 160 
 161 
3. Exemplary Assessment and Training Protocol 162 
 163 
3.1. Recruit consenting participants who are free of neurological or musculoskeletal disorders 164 
and acute or chronic back pain. Record each participant’s age, weight, and height. Then, for 165 
each participant, carry out the following procedure.  166 
 167 
3.2. Open the user interface (Figure 6). The compass graph shows the device’s tilt angle plus 168 
half its tilt velocity in the AP direction (vertical axis) and ML direction (horizontal axis). 169 
 170 
3.3. Prior to each balance trial, instruct the participant to don noise-cancelling headphones, 171 
fold his or her arms across the chest, maintain an upright posture as much as possible, and 172 
verbally cue the experimenter of being ready.  173 
 174 



  

 
 

3.4. Perform twenty 30 second seated balance trials in series11, taking breaks as warranted to 175 
avoid fatigue, stopping at any time if necessary.  176 
 177 
3.4.1. Sequence the trials as follows (example only): randomly select one of two “base stability 178 
level/eye condition” combinations, hereafter called balance conditions (more difficult base and 179 
eyes open; or less difficult base and eyes closed)12. Perform four trials of the first balance 180 
condition to familiarize the participant with the task and to identify appropriate control signal 181 
thresholds for the vibrating tactors in the seat (see Step 3.4.5 below).  182 
 183 
NOTE: It is more difficult to maintain balance on a base with a small radius of curvature than on 184 
a base with a large radius of curvature (Table 1 shows the relative stability of all five 185 
interchangeable bases). Four trials have been found to be sufficient to achieve a stable 186 
performance of the balance task2. 187 
 188 
3.4.2. Randomly select three of the next six trials to be control trials: switch the vibrating 189 
tactors off for the duration of these trials. To turn the vibrational feedback on or off, toggle the 190 
Feedback slider to the desired setting in the user interface. Repeat this sequence of ten trials 191 
for the second balance condition.  192 
 193 
3.4.3. Label the current difficulty and eye condition by selecting from the drop-down menus in 194 
the Trial Parameters section of the user interface. Click Record to start the trial. 195 
 196 
NOTE: The participants’ safety is paramount. The experimenter should supervise all balance 197 
activities and be prepared to assist in the event of balance loss. Clear the area of any potential 198 
hazards and be aware of local emergency protocols.  199 
 200 
3.4.4. For trials with eyes open, instruct the participant to focus on a fixed point straight ahead 201 
to help maintain balance. For trials with eyes closed, use a blindfold to ensure that the 202 
participant is completely deprived of visual feedback. 203 
 204 
NOTE: For balance paradigms where the movement of the feet should be restricted, attach the 205 
foot support and insert the counterbalance beneath the lid.  206 
 207 
3.4.5. An algorithm computes which AP and ML feedback thresholds to use and displays them 208 
in the Q3 column of the user interface. After four familiarization trials, copy the values shown in 209 
the Q3 column into the Write Column, and then click Refresh to update the feedback 210 
thresholds shown on the compass graph (pink) based on the fourth familiarization trial.  211 
 212 
NOTE: The computed threshold values displayed in the Q3 column of the interface are equal to 213 
the third quartile for each tilt direction (AP, ML) during the previous trial. This feedback scheme 214 
is based on the notion that balance function is improved when feedback is optimized for each 215 
individual13,14, while providing too much feedback may detriment learning15. Once the two 216 
threshold values have been selected for a given individual, they can be kept constant for that 217 
individual to be able to assess improvements over time or with an intervention. 218 



  

 
 

 219 
3.5. As the AP and ML tilt angles are automatically stored, in real-time, in a text file for analysis, 220 
analyze the AP and ML signals to characterize sitting performance for each of the experimental 221 
conditions. 222 
 223 
3.5.1. In time domain, calculate the following posturographic measures from each time series8: 224 
root-mean-square (a measure of the variance of the motion) and the mean velocity (a measure 225 
of the average angular speed of the motion).  226 
 227 
3.5.2. In frequency domain, calculate the following posturographic measures from each time 228 
series8: centroidal frequency (a measure of the motion’s overall frequency) and frequency 229 
dispersion (a measure of the variance in the motion’s frequency)8. 230 
 231 
3.6. Use a linear mixed model to estimate and characterize the effects of two fixed-effects 232 
factors, (1) the balance condition (stability level and eye condition combined) and (2) 233 
vibrotactile feedback, on each of the posturographic measures (dependent variables), 234 
considering the correlation of repeated measurements from each participant16 (one random-235 
effects factor).  236 
 237 
3.6.1. Test for significance of the fixed effects by computing the ratio of the variance between 238 
the group means to the variance of the residuals, and comparing the result to an F-distribution.  239 
 240 
REPRESENTATIVE RESULTS:  241 
Table 2 shows, for each experimental condition, the posturographic measures derived from 242 
observations of the AP and ML support surface tilts, averaged over 144 balance trials 243 
performed by 12 participants (2 x 2 x 3 trials per participant).  244 
 245 
Effect of Changing the Balance Condition: The base condition was chosen to be dependent on 246 
the eye condition (i.e., when the eyes were closed, the base was more stable). Thus, the base 247 
and eye condition together were considered one independent variable (balance condition). 248 
Observations of AP tilt were significantly different between the two balance conditions for root-249 
mean-square, centroidal frequency, and frequency dispersion (according to F-tests of the 250 
estimated change, α = 0.05). The computed change in each of the measures (mean and 251 
standard deviation) is shown in Figure 7 and Figure 8. Consistent with other reports, these 252 
posturographic measures can discriminate between balance tasks4.  253 
 254 
Effect of Changing the Feedback Condition: During trials when the vibrotactile feedback system 255 
was active, the centroidal frequency of AP tilt observations was significantly higher than during 256 
the control trials (according to F-tests of the estimated change, α = 0.05). The computed change 257 
in each of the posturographic measures (mean and standard deviation) is shown in Figure 9 and 258 
Figure 10. Consistent with other reports, this vibrotactile feedback protocol has a measurable 259 
effect on balance performance17. 260 
 261 
FIGURE AND TABLE LEGENDS:  262 



  

 
 

 263 
Figure 1: Exploded view of the chassis assembly. Structural components include: (1) lid; (2) 264 
counterweight; (3) cylindrical chassis; (4) base stud; (5) hitch for attachment of leg support 265 
attachment (Figure 3); (6) base; and (7,8) rod, and sleeve for attachment of one of five 266 
interchangeable cylinders (Figure 2). 267 
 268 
Figure 2: Side view of a curved base module. Each of the five modules has a total height of 63 269 
mm and a unique radius of curvature, which modulates the difficulty of maintaining balance on 270 
the sitting surface. 271 
 272 
Figure 3: Exploded view of the leg support attachment. The leg support, consisting of a hitch, 273 
clamp, and square finishing plug, is 600 mm long and can be removed during transportation of 274 
the device or to permit the user to swing the legs freely during balance exercise. For detailed 275 
part dimensions, see Supplementary Files 1 (drawings) and 2 (3D solid models). 276 
 277 
Figure 4: A vibrotactile feedback device for seated balance assessment and training. (A) 278 
Exploded view of the device’s attachments. The components shown here are: (1) the base, 279 
chassis, and lid; (2) the steel extrusion for footrest attachment; (3) two clevis pins to secure the 280 
footrest; (4) the footrest attachment of adjustable height; and (5) one of five curved base 281 
modules. These components can be separated to facilitate transportation or storage. For 282 
detailed part dimensions, see Supplementary Files 1 (drawings) and 2 (3D solid models). (B) 283 
Top view photograph of the device. The lid has been removed to reveal electronic 284 
instrumentation, including: an inertial measurement unit housed by a custom-printed enclosure 285 
(center); a microcontroller board with universal serial bus connection (left); eight electronic 286 
vibrators held in custom-printed enclosures (mid-region); and a steel bar (top) to 287 
counterbalance the footrest This figure has been modified from Williams et al.18. Republished 288 
with permission of ASME, from “Design and Evaluation of an Instrumented Wobble Board for 289 
Assessing and Training Dynamic Seated Balance” in the Journal of Biomechanical Engineering, 290 
AD Williams, QA Boser, AS Kumawat, K Agarwal, H Rouhani, AH Vette, vol. 140, April 2018; 291 
permission conveyed through Copyright Clearance Center, Inc. 292 
 293 
Figure 5: Two-part mounting enclosure for vibrating tactors. A 4 mm hole in the tactor 294 
enclosure (top) fitted loosely on a 3 mm locating pin in the mounting platform (bottom) to 295 
minimize vibration dampening. For detailed part dimensions, see Supplementary Files 1 296 
(drawings) and 2 (3D solid models). 297 
 298 
Figure 6: User interface. This user interface allows users to select vibrotactile feedback 299 
thresholds and acquire data. The length and direction of the vector on the graph are 300 
proportional to the kinematics of the device. The rectangle reflects the AP and ML thresholds 301 
for feedback. This figure has been modified from Williams et al.18. Republished with permission 302 
of ASME, from “Design and Evaluation of an Instrumented Wobble Board for Assessing and 303 
Training Dynamic Seated Balance” in the Journal of Biomechanical Engineering, AD Williams, QA 304 
Boser, AS Kumawat, K Agarwal, H Rouhani, AH Vette, vol. 140, April 2018; permission conveyed 305 
through Copyright Clearance Center, Inc. 306 



  

 
 

 307 
Figure 7: Results of task manipulation in time-domain. Change in time-domain posturographic 308 
measures when participants close their eyes and concurrently switch to a more stable base 309 
(mean and standard deviation; asterisk represents significant change according to F-test, α = 310 
0.05). 311 
 312 
Figure 8: Results of task manipulation in frequency domain. Change in frequency-domain 313 
posturographic measures when participants close their eyes and concurrently switch to a more 314 
stable base (mean and standard deviation; asterisks represent significant change according to 315 
F-test, α = 0.05). 316 
 317 
Figure 9: Results of vibrotactile feedback in time-domain. Change in time-domain 318 
posturographic measures when participants are provided with performance-based vibrotactile 319 
feedback (mean and standard deviation; no changes were statistically significant according to F-320 
test, α = 0.05). 321 
 322 
Figure 10: Results of vibrotactile feedback in frequency domain. Change in frequency-domain 323 
posturographic measures when participants are provided with performance-based vibrotactile 324 
feedback (mean and standard deviation; asterisk represents significant change according to F-325 
test, α = 0.05). 326 
 327 
Table 1: Geometrical properties of the interchangeable bases. The total height of each base 328 
module is 63 mm; thus, a base with a smaller radius of curvature, when attached to the device, 329 
is less stable than a base with a larger radius of curvature.  330 
 331 
Table 2: Results by balance and feedback conditions. Summary measures derived from AP and 332 
ML tilts during unstable sitting trials. Support surface stability plus eye condition as well as 333 
vibration level are the manipulated variables. Average measures were calculated across all 334 
participants. 335 
 336 
DISCUSSION:  337 
Methods for constructing a portable, instrumented, sitting device are presented. The device is 338 
portable and durable, building on previous studies of wobble chairs2,4 and vibrational 339 
feedback5–7 to make the benefits of these tools more powerful and accessible. Follow the 340 
assembly protocol in reverse to prepare the device for transportation or storage. The difficulty 341 
of the balance task can be modulated by attaching bases with different curvatures. The 342 
selection of task difficulty is critical; users should be destabilized to facilitate active training 343 
without risking injury. 344 
 345 
Real-time observation and adjustment of the built-in instruments relies on serial 346 
communication between the microcontroller and the user interface; dysfunction of the device 347 
requires both software and hardware troubleshooting. Ensure that all hardware connections 348 
are secure. Monitor the serial output of the microcontroller for unexpected bytes. Probe the 349 



  

 
 

user interface program for errors. If a problem persists, consult an experienced mechatronics 350 
designer. 351 
 352 
Balance proficiency is characterized by posturographic measures derived from kinematic 353 
observations of the sitting surface. Alternatively, observe the center of pressure exerted on a 354 
force plate, which correlates with the surface tilt angle2, but requires additional equipment. 355 
Posturographic measures have varying reliability between sessions2 and varying sensitivity to 356 
balance improvement or disorder19. The root-mean-square, mean velocity, centroidal 357 
frequency, and frequency dispersion are common posturographic measures that were observed 358 
to be linearly independent of each other. Consider modifying the signal analysis protocol to 359 
address particular assessment objectives. 360 
 361 
The device delivers vibrotactile stimuli to the seat in accordance with balance task 362 
performance. The optimal configuration of haptic feedback control is the subject of continuous 363 
study and a critical step in this protocol, as certain feedback strategies may impair motor 364 
learning20. Existing vibrotactile feedback methods are proven to improve standing balance 365 
function and many other motor tasks6,7. Seat-embedded tactors make the vibrotactile feedback 366 
technique accessible for seated balance paradigms. Future applications may include sports 367 
training, spatial orientation training, virtual or augmented reality gaming, assessment of 368 
balance proficiency, research of balance disorders, and rehabilitation following skeletal, 369 
muscular, or neurological injury. 370 
 371 
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Radius of curvature (cm)

Most stable 25 Less difficult to balance

20

15

13

Least stable 11 More difficult to balance
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Vibration Vibration Vibration Vibration

Off On Off On

Root-Mean-Square
Antero-

Posterior
1.60 1.62 2.01 1.70

[degrees]
Medio-

Lateral
1.53 1.61 1.80 1.74

Mean Velocity
Antero-

Posterior
2.75 3.01 2.85 2.94

[degrees/s]
Medio-

Lateral
3.04 3.14 3.38 3.44

Centroidal Frequency
Antero-

Posterior
0.418 0.449 0.370 0.423

[Hz]
Medio-

Lateral
0.462 0.467 0.465 0.471

Frequency Dispersion
Antero-

Posterior
0.659 0.654 0.685 0.661

[-]
Medio-

Lateral
0.651 0.651 0.662 0.669

Posturographic Measure
Tilt 

Direction

Experimental Condition

Eyes Closed

Very Unstable Surface

Eyes Open

Mildly Unstable Surface
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Name of

Material/ Equipment

Chassis McMaster-Carr 8657K421

Lid McMaster-Carr 8657K414

Base McMaster-Carr 8657K414

Grip-Tape McMaster-Carr 6243T471

Base Nut McMaster-Carr 90596A039

Weld Plate McMaster-Carr 1388K142

Threaded Rod McMaster-Carr 90322A170

Sleeve McMaster-Carr 8745K19

Square Flange McMaster-Carr 8910K395

Hitch McMaster-Carr 4931T123

Curved Base McMaster-Carr 8745K48

Hitch Insert McMaster-Carr 6535K313

Extrusion McMaster-Carr 6545K7

Clamp Vlier TH103A

Footrest McMaster-Carr 6582K431

Counterwieght McMaster-Carr 8910K67

Clevis Pin McMaster-Carr 97245A616

Microprocessor Arduino MEGA 2560

Inertial Measurement           

Unit
x-io Technologies Ltd. x-IMU

Vibrating Tactor Precision Microdrives DEV-11008

Company Catalog Number

Table of Materials Click here to access/download;Table of
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Name of

Material/ Equipment

Chassis Moisture-Resistant LDPE Polyethylene Sheet 1-1/2" Thick, 24" X 24"

Lid Moisture-Resistant LDPE Polyethylene Sheet 1/4" Thick, 24" X 24"

Base Moisture-Resistant LDPE Polyethylene Sheet 1/4" Thick, 24" X 24"

Grip-Tape Nonabrasive Antislip Tape, Textured, 6" Wide Strip, 2' Long, Black

Base Nut Steel Round-Base Weld Nut, 5/8"-11 Thread Size

Weld Plate Low-Carbon Steel Sheet 1/16" Thick, 3" X 3", Ground Finish

Threaded Rod 3" 5/16"-18 Medium-Strength Alloy Steel Threaded Stud

Sleeve Chemical-Resistant PVC (Type I) Rod 1-1/4" Diameter

Square Flange Low Carbon Steel Bar, 1/8" Thick, 1" Wide

Hitch Bolt-Together Framing Heavy-Duty Steel, 1-1/2" Square

Curved Base PVC Rod, 6" Diameter

Hitch Insert Bolt-Together Framing Heavy-Duty Steel, 1" Square

Extrusion 1045 Cold Drawn Steel Square Bar Stock, 1' X 1" Wide, Unpolished 

Clamp Adjustable Torque Knob

Footrest 4130 Steel Tubing, 1" X 1" Wide, 0.065" Wall Thickness, Unpolished Mill Finish

Counterwieght Low-Carbon Steel Rectangular Bar 1-1/8" Thick, 4" Width 

Clevis Pin
Zinc-Plated Steel Clevis Pin with Hairpin Cotter Pin, 3/16" Diameter, 1-9/16" 

Usable Length

Microprocessor Microcontroller board with 54 digital I/O pins and USB connection

Inertial Measurement 

Unit

Inertial Measurement Unit and Attitude Heading Reference System with 

enclosure

Vibrating Tactor Lilypad Vibe Board, available from SparkFun Electronics

Comments/Description
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 



ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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Response to Editorial Comments:  

 

Thank you very much for the constructive comments, which helped us to significantly improve 

our manuscript. We have now revised our manuscript according to the editorial comments. 

 

 

Comment 1: Step 1.3. – What are its dimensions/specifications? 

 

Dimensions have been added as requested. 

 

 

Comment 2: Step 1.5. – What are the dimensions? 

 

Dimensions have been added as requested. 

 

 

Comment 3: Step 1.6. – Cut using which tools? 

 

We now indicate that a CNC turning machine should be used for this purpose. 

 

 

Comment 4: Step 1.7. – Please provide dimensions on Fig. 3. Unclear what is done to 

construct it. Please mention material and tools used. 

 

Dimensions and materials have now been added to this protocol as well as to the caption of 

Figure 3. We now also refer to the drawings and 3D solid models for detailed part dimensions. 

 

 

Comment 5: Step 1.8. – Can you provide an approximate estimate of the length? 

 

The approximate length has been added. 

 

 

Comment 6: Step 2.2. – How is this done? Please state it briefly in the note. 

 

We now explain the basic calibration method. 

 

 

Comment 7: Step 2.2. – What is the range specifically? 

 

We now state the specific limit on the acceptable vibrational frequency. 
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Comment 8: Step 2.2.1. – I do not think there is anything to film here so I am unhighlighting 

this. 

 

We agree with this choice. 

 

 

Comment 9: Step 3.4.1. – This step lacks filmable content, I recommend unhighlighting it. 

 

We agree with this choice. 

 

 

Comment 10: Step 3.4.1. – How do you define this? Please add this as a note. 

 

Difficulty is explained in the note, and a reference is made to revised Table 1. 

 

 

Comment 11: Step 3.4.1. – How do you define this? Please add this as a note. 

 

Difficulty is explained in the note, and a reference is made to revised Table 1. 

 

 

Comment 12: Step 3.4.1. – Unclear what is done here and what we would show. Please describe 

exactly what is to be done? 

 

We hope that re-ordering the protocol has made it clear what is to be done. This was also un-

highlighted. 

 

 

Comment 13: Step 3.4.2. – This step lacks fimable content, I recommend unhighlighting it. 

 

We agree with this choice. 

 

 

Comment 14: Step 3.4.2. – How are they switched off? 

 

The tactors can be switched off by toggling the feedback slider in the graphical user interface. 

 

 

Comment 15: Figure 2 – Please add dimensions. 

 

We added dimensions to Figure 2 (JoVE_58611_Fig2_Editorial.tiff) 
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Comment 16: Figure 3 – Please add dimensions. 

 

We agree that dimensions may be useful to the reader. We have added dimensions to the figure 

caption and also suggest that the reader refers to the drawing files for complete dimensions. In 

line with good engineering practice, we prefer not to add dimensions to an isometric view of an 

exploded assembly as they may appear ambiguous to the reader. 

 

 

Comment 17: Figure 4 – Please add dimensions. This description pertains only to panel A. 

Please add a panel description for panel B, indicate the dimensions and also 

provide a common figure title. 

 

We agree that dimensions may be useful to the reader. We suggest that the reader refers to the 

drawing files for complete dimensions. In line with good engineering practice, we prefer not to 

add dimensions to an isometric view of an exploded assembly as they may appear ambiguous to 

the reader. 

 

Panel descriptions and a common figure title have been added. 

 

 

Comment 18: Figure 5 – Please provide dimensions. 

 

We agree that dimensions may be useful to the reader. We have added dimensions to the figure 

caption and suggest that the reader refers to the drawing files for complete dimensions. In line 

with good engineering practice, we prefer not to add dimensions to an isometric view of an 

exploded assembly as they may appear ambiguous to the reader. 

 

 

Comment 19: Figure 6 – Please remove/replace the commercial name. 

 

Ok. We have done so. 

 

 

Comment 20: Figure 7 – Please add a y axis label to the figure and mention any units (if 

relevant). 

 

Y axis is labelled. Unconventionally, the units are listed below the x-axis label, as they differ for 

each pair of bars. We added the description ‘Magnitude’ to the y-axis 

(JoVE_58611_Fig7_Editorial.tiff). 
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Comment 21: Figure 8 – Please add a y axis label to the figure and mention any units (if 

relevant). 

 

Y axis is labelled. Unconventionally, the units are listed below the x-axis label, as they differ for 

each pair of bars. We added the description ‘Magnitude’ to the y-axis 

(JoVE_58611_Fig8_Editorial.tiff). 

 

 

Comment 22: Figure 10 – Please add a y axis label to the figure and mention any units (if 

relevant). 

 

Y axis is labelled. Unconventionally, the units are listed below the x-axis label, as they differ for 

each pair of bars. We added the description ‘Magnitude’ to the y-axis 

(JoVE_58611_Fig10_Editorial.tiff). 
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Response to Editor and Reviewers:  

 

Your manuscript, JoVE58611R1 “Probing and training seated balance with unstable support, 

motion tracking, and sensory feedback,” has been editorially and peer reviewed, and the 

following comments need to be addressed. Note that editorial comments address both 

requirements for video production and formatting of the article for publication. Please track the 

changes within the manuscript to identify all of the edits. After revising and uploading your 

submission, please also upload a separate rebuttal document that addresses each of the editorial 

and peer review comments individually.  

 

Thank you very much for handling our manuscript and for inviting us to submit a revised version 

based on the reviewers’ feedback. The comments of the editorial board and reviewers were 

highly constructive and have helped us to significantly improve the quality of our manuscript. 

In what follows, we respond to each comment individually and point out respective changes to 

the manuscript, where applicable. Note that all changes to the manuscript have been highlighted 

in red to allow their easy identification. We are confident that the revised version of the 

manuscript addresses all comments and that the content of the manuscript is now acceptable for 

publication in the Journal of Visualized Experiments. 

 

 

Editorial Comments: 

 

Thank you very much for the constructive comments, which helped us to significantly improve 

our manuscript. We have now revised our manuscript according to the editorial comments. 

 

 

Comment 1: Please expand your Introduction to include the following: The advantages over 

alternative techniques with applicable references to previous studies; Description 

of the context of the technique in the wider body of literature; Information that 

can help readers to determine if the method is appropriate for their application. 

 

We thank the reviewer for their comment. We now refer to previous studies for context, as well 

as to highlight that the advantage of our method is the ability to combine existing rehabilitation 

techniques into a single accessible and portable device (lines 59-61). We have also explicitly 

described the appropriate applications of our methods (lines 62-64). 

 

 

Comment 2: Please note that your protocol will be used to generate the script for the video, 

and must contain everything that you would like shown in the video. Please add 

more specific details (e.g. button clicks for software actions, numerical values 

for settings, etc) 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. 

 1.1, 1.2: Construct how exactly? Mention equipment used. 

 1.2, 1.3: Both made of polyethylene? 

 1.5,1.7: What material I used for the sleeve, cylinders? 
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 1.7: Unclear how the curved surface is prepared. 

 1.9: Mention specifications of the steel bar. 

 2.1: Mention specifications for the inertial measurement unit, vibrating 

tactors etc. 

 3.1: Mention any exclusion criteria. 

 3.2.1-3.2.5: For all software-control steps, mention all button clicks and 

menu selections. 

 

Thank you for the comment. The equipment used in the construction process included milling 

machines, turning machines, welding machines, and a bandsaw; these are now mentioned 

explicitly in the protocol (lines 75-117). We now also list the material type for each part.  

In response to this comment and the first reviewer’s second major concern, the 3D 

solid model and drawing files for all parts have been made available, as we agree that this will 

put the audience of the article in a better position to replicate the structural components. The 

explicit part dimensions are listed in the respective drawing files. Furthermore, to improve 

readability, the part dimensions have been removed from the written protocol as they are now 

redundant. To facilitate the replication of the protocol, we have also: 

 included the specifications for the electronic hardware (lines 121-123); 

 clarified that the exclusion criteria for participation in the experimental study were 

neurological disorders, musculoskeletal disorders, and back pain (lines 164-165); and 

 included the description of all button clicks for all software steps (lines 184-206). 

 

 

Comment 3: Please highlight ~2.5 pages or less of text (which includes headings and spaces) 

in yellow, to identify which steps should be visualized to tell the most cohesive 

story of your protocol steps. 

1) Presumably several of your steps would need to be filmed in a machine shop, 

please double check the feasibility of filming there. 

2) Please ensure that the manuscript title best reflects the filmable content (i.e. 

the portions you highlight). 

3) The highlighting must include all relevant details that are required to perform 

the step. For example, if step 2.5 is highlighted for filming and the details of 

how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps 

where the details are provided must be included in the highlighting. 

4) The highlighted steps should form a cohesive narrative, that is, there must be 

a logical flow from one highlighted step to the next. 

5) Please highlight complete sentences (not parts of sentences). Include sub-

headings and spaces when calculating the final highlighted length. 

6) Notes cannot be filmed and should be excluded from highlighting. 

7) Please bear in mind that software steps without a graphical user 

interface/calculations/ command line scripting (e.g. steps that describe the 

Arduino programming, 3.3) cannot be filmed. 

 

Thank you for the detailed instructions. We have made several changes in response to this 

comment. The highlighted text now includes ~2.5 pages of text forming a cohesive narrative, 

including all relevant details that are required to complete each step. The highlighted text 
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includes complete sentences only and no notes. In addition, software steps were associated with 

respective graphical user interface instructions. We have also revised the title to better reflect the 

highlighted content (lines 3-4).  

We are indeed allowed to film in the machine shop, but may not be able to film the 

actual process of manufacturing the wobble board. Rather, we propose to sequentially move, in 

the video, from one machine to the next while narrating what has been done at each machine 

(Protocol Items 1.1 through 1.8) and showing respective components on the finished wobble 

board. 

 

 

Comment 4: JoVE articles are focused on the methods and the protocol, thus the discussion 

should be similarly focused. Please ensure that the discussion covers the 

following in detail and in paragraph form: 1) modifications and troubleshooting, 

2) limitations of the technique, 3) significance with respect to existing methods, 

4) future applications and 5) critical steps within the protocol. 

 

Thank you for this constructive comment. We have revised the Discussion section to include 

explicit troubleshooting instructions (lines 339-343). The limitations of the methods pertain to 

the complexity of relating measured kinematics to balance disorders or improvements (lines 348-

349) and the yet unresolved nature of haptic feedback optimization (lines 355-356). The 

significance with respect to other methods is our device’s accessibility and portability, which we 

now mention explicitly (lines 332-334). We now also list future applications (lines 359-361). 

Critical steps within the protocol are the selection of task difficulty (lines 336-337) and the 

configuration of the vibrotactile feedback (lines 355-356). 

 

 

Comment 5: Please expand the legends to adequately describe the figures/tables. Each figure 

or table must have an accompanying legend including a short title, followed by a 

short description of each panel and/or a general description. 

 

Thank you for the comment. We have expanded the figure and table legends and included a short 

title for each. Please see the highlighted changes (red font) in the revised document. 

 

 

Comment 6: Please use superscript citation format (edit Lines 262-265, 271-274, 274-286) 

 

Thank you. We have revised the manuscript accordingly. 

 

 

Comment 7: If your figures and tables are original and not published previously or you have 

already obtained figure permissions, please ignore this comment. If you are re-

using figures from a previous publication, you must obtain explicit permission to 

re-use the figure from the previous publisher (this can be in the form of a letter 

from an editor or a link to the editorial policies that allows you to re-publish the 

figure). Please upload the text of the re-print permission (may be copied and 

pasted from an email/website) as a Word document to the Editorial Manager site 
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in the “Supplemental files (as requested by JoVE)” section. Please also cite the 

figure appropriately in the figure legend, i.e. “This figure has been modified from 

[citation].” 

 

Thank you for the comment. We have now obtained permission to re-use two particular figures 

from a previous publication (Figures 1 and 2 in: Williams, A. et al. Design and Evaluation of an 

Instrumented Wobble Board for Assessing and Training Dynamic Seated Balance. J. Biomech. 

Eng. 140, 1–10 (2018)). The permission statements have been included as a PDF document in 

our submission under the section “Supplemental files (as requested by JoVE)”. The file name is: 

“JoVE_58611_ReprintPermission_ASME_R2”.  

We have also revised the figure captions of Figures 4 and 6 in the submitted 

manuscript to include the requested information (“This figure has been modified from Williams 

et al.18”). To adhere to the requirements of ASME, we have also added the following statement: 

“Republished with permission of ASME, from “Design and Evaluation of an Instrumented 

Wobble Board for Assessing and Training Dynamic Seated Balance” in the Journal of 

Biomechanical Engineering, AD Williams, QA Boser, AS Kumawat, K Agarwal, H Rouhani, AH 

Vette, vol. 140, April 2018; permission conveyed through Copyright Clearance Center, Inc.” 

 

 

Reviewer 1: 

 

Thank you very much for the constructive comments, which helped us to improve our manuscript 

significantly. We have now revised our manuscript according to the reviewer’s comments. 

 

 

Major Concern 1: Statistical procedures and experimental details regarding the data 

presented in the manuscript are unclear. Specifically, it should be make 

clear if the F-test is referring to the ANOVA analysis? Was repeated 

measures design used? Is it 2-way (balance conditions and vibration). 

Moreover, how is the visual information (eyes open/closed) taken into 

account? And why aren't both conditions presented in data figures (Fig 8-

11)? 

 

We thank the reviewer for their comment – we agree that some further clarification on the 

statistical procedure would be valuable for the reader. A linear mixed effects model was used to 

account for the correlation of repeated measurements from each participant. In our model, there 

are two fixed-effects factors: (1) the balance condition, i.e., the combined effect of changing the 

eye condition and stability level, as these changes were always carried out concurrently 

(although we are aware that they do not need to be, if an experimenter wishes to identify their 

effects separately; we did so to simplify the analysis for demonstration purposes); and (2) the 

vibration condition. In addition to these two fixed-effects factors, the model includes a random-

effects factor that varies by participant. The significance of the fixed effects was analyzed by an 

F-test of the ratio of the variance between group means to the variance of the residuals 

(ANOVA). We have revised Item 3.4 in the protocol section of our manuscript (lines 225-231), 

explicitly describing the terms of the linear mixed model and F-test. We have also clarified the 
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use of ‘balance condition’ that combines base difficulty and eye condition (lines 171-179 and 

lines 242-244). 

 

 

Major Concern 2: line 71-121: Section 1: Construction and Assembly of Structural 

Components section details are thorough, however for someone without 

machine tools background (e.g., rehabilitation specialists, etc) it may be 

difficult to replicate the details and instructions outlined. I wonder if there 

is a more "accessible" way to guide them. Perhaps making the CAD files 

available may be helpful? 

 

We thank the reviewer for their comment. We agree that the current description of our procedure 

may be difficult to replicate for someone without a background in machine tools. In response to 

this comment, the 3D solid model and drawing files have been made available for all parts – to 

better guide the replication of the structural components. The explicit part dimensions are listed 

in the respective drawing files. Furthermore, to improve readability, the part dimensions have 

been removed from the written protocol as they are now redundant. 

 

 

Major Concern 3: line 128: Similarly, it may be of use to provide some sample code for how 

to "program" the microcontroller? Also, despite the list in the "Table of 

Materials", it may be useful to refer to the devices (microprocessor, IMU, 

vibrating devices) in the text here. 

 

In response to this comment, we have now included sample code for the microcontroller in the 

revised submission package (‘wobble_board_controller.ino.ino’) – and refer to it in Protocol 

Item 2.1.1. (line 137-138). In the revised manuscript text, we now also provide details on the 

used devices (microprocessor, IMU, vibrating devices) as suggested (lines 121-123).  

 

 

Major Concern 4: line 195-197: Please clarify details regarding selecting threshold based 

on "previous performance". Would this would make the system adaptive? 

And would affect performance during training or intervention? Is this 

desirable? This is a major concern and should be clarified. 

 

Thank you for the comment. We agree that further clarification is needed regarding threshold 

selection. The computed threshold values displayed in the “Q3” column of the Arduino Interface 

(Figure 6) are equal to the third quartile for each tilt direction (AP, ML) during the previous trial. 

In Protocol Item 3.2.5., we have clarified the instruction to select a threshold based on the quartile 

results of the fourth familiarization trial (lines 201-214). Note that four trials have been found to 

be sufficient to achieve a stable performance of the balance task (Larivière et al. 2013).  

Our feedback scheme is based on the notion that balance function is improved when 

feedback intervention is optimized for each individual (Goodworth, Wall, and Peterka 2009; 

Loughlin, Mahboobin, and Furman 2011), while providing too much feedback may detriment 

learning (Marchal-Crespo and Reinkensmeyer 2009). Once the two threshold values have been 

selected for a given individual, they can be kept constant for that individual to be able to assess 
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improvements over time or with an intervention. In the Discussion section, we address the yet 

unresolved optimization of haptic feedback design as a limitation of this protocol (lines 355-

356). 

 

 

Major Concern 5: line 191: "… closest to left, right, front or back….." how does this 

correspond to the 8 different vibration instruments on the board? 

Moreover, how did you activate the ones arranged at 45 degrees? Did you 

calculate the tilt angle somehow? 

 

Thank you for the comment. The eight enclosures are arranged to accommodate two-, four, or 

eight-directional configurations. In the current protocol, the overall tilt direction (based on AP 

and ML tilt) was not calculated, and the vibration instruments at 45 degree angles are used only 

to augment the vibration at the left or right (based on ML tilt) and the front or back (based on 

AP tilt). This activation scheme was based on the notion that added directional resolution is only 

as effective as a four-directional tactor configuration for vibrotactile feedback during standing 

balance (Sienko et al. 2010). The figure below should help to clarify the feedback configuration. 

We have made revisions to Protocol Item 2.1.1. (lines 137-142) to clarify this procedure for the 

reader. We specifically state: “The computer activates three tactors closest to the left, right, front, 

or back of the surface when the control signal exceeds a threshold in that direction, or five tactors 

if an AP and ML threshold are surpassed simultaneously; none of the tactors are active when the 

control signal is below the threshold in both directions (i.e., in the no-feedback zone).” 
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Major Concern 6: line 226: How were 288 trials analyzed for the 12 participants? Were 

repeated trials averaged for each condition/participant or not? This is 

important to ensure p-values are not inflated (i.e., sample size remains 

n=12). Please clarify. 

 

Using a linear mixed model, repeated trials are averaged for each condition, and the variance 

between the group means is compared to the variance of the residuals. The variance between 

participants is estimated separately, improving the statistical power. As such, the sample size 

remains n = 12. To clarify this aspect for the reader, we have revised Protocol Item 3.4. (lines 

225-231), explicitly describing the terms of the statistical model and significance test. 

 

 

Major Concern 7: line 242: Could the effect of vibration, which was shown to increase 

centroidal frequency be due to the mechanical effect of the vibration 

rather than the effect on the postural control? Please comment and clarify 

this important point. 

 

We thank the reviewer for their comment – this is an interesting question. While the tactors on 

our device vibrate with a relatively high frequency of 200 Hz, we have found in preliminary 

static and dynamic tests (using different constant weights instead of seated users) that their 

activation and activity do not affect the motion of the wobble board. These results agree with the 

design notion that the tactors were not directly attached to the wobble board, but resting on a 

locating pin – allowing the tactors to move without influencing wobble board motion. 

 

 

Minor Concern 1: line 26-27: It is unclear if the sitting platform "dynamically destabilizes 

sitting posture" actively (e.g., via actuators) or passively (i.e., since it is a 

challenging postural tasks / unstable surface). This should be made clear 

throughout the manuscript (other examples include line 35, line 59). 

 

Thank you for the comment. We agree that it should be made clear that the sitting platform 

passively destabilizes sitting posture. We have revised this distinction in the manuscript at three 

different locations (line 26; line 35; line 58). 

 

 

Minor Concern 2: Could Fig 8-11 be combined into one figure? Also, could parts of Fig 1-6 

also be combined instead of being separated figures? 

 

Figures 8 to 11 (now: Figures 7 to 10) could potentially be combined, but since each of the bar 

plots occupies a unique range and scale, we believe that separate figures will help the viewer to 

understand, at a glance, the differences between conditions. Figures 4 and 5 have been combined 

into one figure.  
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Minor Concern 3: What are the units on the y-axis of Fig 8-11? 

 

The units are currently listed below the x-axis with the measure description, as they are not 

consistent for all bars plotted in a given figure (e.g., deg versus deg/s or Hz versus no units). 

 

 

Minor Concern 4: Table 1 is unclear. Please elaborate. 

 

The title of Table 1 was unclear and has been revised to read: “Geometrical properties of the 

interchangeable bases. The total height of each base module is 63 mm; thus, a base with a smaller 

radius of curvature, when attached to the device, is less stable than a base with a larger radius of 

curvature” (lines 320-322). 

 

 

Minor Concern 5: line 55: What "protocols" are you referring to? 

 

Thank you for pointing this out. The protocols referred to were not identified. Line 54 now reads 

“current sensory feedback methods.” 

 

 

Minor Concern 6: line 63: it would be useful to add a reference for the "posturographic 

measures" 

 

We agree with the reviewer. We now refer to Prieto et al. 1996 (line 62). 

 

 

Minor Concern 7: line 153: Why is the size 10x8cm? Is this based on anatomical measures? 

If so, please use a citation here. 

 

The tactors were placed so that they will lie under the buttocks of an average-sized person. We 

now make reference to Churchill and McConville 1976 (line 146). 

 

 

Minor Concern 8: line 173: Why 30 second trails? Is this sufficient? Also, please add a 

reference. 

 

30-second trials can adequately assess upper body stability, according to Lee and Granata 2008. 

We now include respective reference (line 168). 

 

 

Minor Concern 9: line 177: Again, please add a reference for the eyes open/closed design. 

 

The point is well taken. We now refer to Silfies, Cholewicki, and Radebold 2003 (line 173). 
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Minor Concern 10: line 188: Is "log and monitor" done on the microcontroller or in Labview? 

Is this done in real-time (one would assume)? 

 

Yes, the tilt angles are sampled and communicated serially to Labview, where they are logged 

to a text file, in real-time. Protocol Item 3.3 (line 216) has been revised to read: “The AP and 

ML signals are automatically stored, in real-time, in a text file for analysis.” 

 

 

Minor Concern 11: line 196: Please clarify if for example it is possible for front and back 

simultaneously? 

 

It is possible for front and left, for example, to be activated simultaneously. However, it is not 

possible to activate front and back simultaneously. We have revised Protocol Item 2.1.1. to 

clarify this (lines 137-142). See also the figure above, in response to this reviewer’s Major 

Concern 5. 

 

 

Minor Concern 12: line 214-216: It would be helpful to provide a brief description of the 

measures listed here. 

 

Thank you, we have added a brief description of each measure in Protocol Item 3.3 (lines 216-

223). 

 

 

Reviewer 2: 

 

Summary: the manuscript is well written and the issue is of importance in spine stability 

 

We are pleased to hear that the reviewer believes our manuscript is well written and that the 

underlying study is important in the domain of spine stability. We have provided detailed 

responses to the reviewer’s specific comments below. 

 

 

Minor Concern 1: it would be good if the authors refer to wobble chairs in the text 

 

We thank the reviewer for their comment – we agree that wobble chairs should be mentioned in 

the text, as they bear resemblance to our device, and their study has guided parts of ours. In our 

revised manuscript, we explicitly refer to wobble chairs in the Introduction section (lines 59-61) 

and Discussion section (line 332-334). 
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Reviewer 3: 

 

Summary: The device provides an interesting way of challenging and measuring sitting 

balance. 

 

We are pleased to hear that the reviewer finds our methods interesting. We have provided detailed 

responses to the reviewer’s specific comments below. 

 

 

Minor Concern 1: It appears that Table 2 and the Figures may be redundant. 

 

We thank the reviewer for their comment – we agree that Table 2 gives the same essential result 

as Figures 7 to 10 (previously: Figures 8 to 11), so may be redundant. Nonetheless, we feel that 

readers may benefit by having access to the numerical results in each experimental condition 

(Table 2) and the differential results depicted by Figures 7 through 10 (previously: Figures 8 to 

11). 

 

 

Minor Concern 2: Table 2 can't stand alone as abbreviations are not designated. 

 

Thank you for the comment. Abbreviations in Table 2 have been revised to their full 

designations. 

 

 

Minor Concern 3: References are presented inconsistently. 

 

We thank the reviewer for their comment. There has been an issue with the citation plug-in, 

which has now been corrected.  
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