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Aaron Berard, 

Editor 

JoVe Peer Reviewed Scientific Video Journal 

1 Alewife Center, Suite 200 

Cambridge, MA 02140  

April 1rst, 2020 

 

Dear Mr. Berard, 

 

I am writing to submit our manuscript entitled, "Measuring Engagement in a Social Digital 

Game" for consideration as a JoVE video article. We developed an experimental method that 

allows the measurement of physiological and perceived engagement of spectators in a 

physical, social and digital game. As this game involves a group of people that are free of their 

movements, we found a novel way of synchronizing physiological data with events in the 

game, using cameras and portable electrodermal activity recording devices.  

 

This manuscript expands on the prior research conducted in the field of games that use 

physiological evaluation. In traditional video games contexts, participants are seated in a chair 

and stay in the same position for the duration of the experiment. Often times they are alone 

and expected to look at a screen where all the action takes place. When that is the case, it is 

simple to start the recording of a camera at the same time as the recording of the physiological 

data. This research had to take a different approach because of the nature of the game which 

is life-size and requires groups of people. 

 

When we started writing an article to report on our findings, we thought that our novel method 

would benefit from being presented in a visual medium, given the context of its usage. We 

believe that the findings presented in our paper follows JoVE’s goal to visually present 

methodologies that allow behavioral measurements. Our video will allow your readers to 

recreate our method and study human behavior in a free-movement context. That is why we 

truly believe our research is of interest to your journal.  

 

Each of the authors confirms that this manuscript has not been previously published and is not 

currently under consideration by any other journal.  

Sincerely, 

Raphaëlle Brissette 

Corresponding Author 

HEC Montréal 

raphaelle.brissette-gendron@hec.ca 

+1514-771-7274 
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SUMMARY: 26 

We propose a methodology that enables measuring engagement of spectators in a social 27 

digital game combining physiological and self-reported data. As this digital game involves a 28 

group of freely moving people, the experience is filmed using a synchronizing technique that 29 

links physiological data with events in the game. 30 

 31 

ABSTRACT: 32 

The goal of this methodology is to assess explicit and implicit measures of engagement of 33 

spectators during social digital games in a group of participants with motion tracking systems. 34 

In the context of games that are not confined within a screen, measuring the different 35 

dimensions of engagement such as physiological arousal can be challenging. The focus of the 36 

study is made on the spectators of the game and the differences in their engagement 37 

according to interactivity. Engagement is measured with physiological and self-reported 38 

arousal, as well as an engagement questionnaire at the end of the experiment. Physiological 39 

arousal is measured with electrodermal activity (EDA) sensors that record the data on a 40 

portable device (EDA box). Portability was essential because of the nature of the game, which 41 

is akin to a life-size pong and includes many participants that move. To have an overview of 42 

the events of the game, three cameras are used to film three angles of the playing field. To 43 

synchronize the EDA data with events happening in the game, boxes with digital numbers are 44 

used and put in the frames of cameras. Signals are sent from a sync box simultaneously to the 45 

EDA boxes and to light boxes. The light boxes show the synchronization numbers to the 46 

cameras, and the same numbers are also logged on the EDA data file. That way, it is possible 47 
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to record EDA of many people that move freely in a large space and synchronize this data with 48 

events in the game. In our particular study, we were able to assess the differences in arousal 49 

for the different conditions of interactivity. One of the limitations of this method is that the 50 

signals cannot be sent farther than 20 meters away. This method is, therefore, appropriate 51 

for recording physiological data in games with an unlimited number of players but is restricted 52 

to a limited space. 53 

 54 

INTRODUCTION: 55 

Studying the experience of game spectators helps to better understand the positive and 56 

negative aspects of the game, and in turn, can help to improve its design1. Recent innovations 57 

in the gaming industry have allowed new types of experiences that move forward from 58 

traditional console-based gaming2. With digital games that use motion tracking systems that 59 

are not confined within a screen, audiences do not have to be positioned in a fixed spot 60 

anymore. This new reality creates challenges in the assessment of spectators’ experience. The 61 

experiment was performed in the studio of the creators of the game but could be replicated 62 

in a laboratory setting or another environment that has enough space to fit the game. 63 

 64 

The purpose of this methodology is to measure spectator engagement during a social digital 65 

game. More precisely, arousal, which leads to engagement, will be measured when the 66 

spectator has access to a web application that influences the gameplay. This method 67 

combines physiological and self-reported data. As this game is social and involves a group of 68 

people that move, the experiment is filmed. With the use of cameras and portable 69 

physiological devices, we were able to synchronize physiological data with events in the game. 70 

The portable devices (EDA boxes) are 3D printed boxes that are connected to electrodes that 71 

record physiological activity. The boxes have an ON/OFF switch, visual indicators, a microSD 72 

card slot and charging slots. The visual indicators help in case of troubleshooting. For example, 73 

these indicate whether the microSD is functional, show the state of the Bluetooth and Wi-Fi 74 

connections and signal whether physiological data are being recorded. 75 

 76 

The use of physiological measures is a common and validated approach for measuring game 77 

engagement3. Physiological valence has been measured in the context of video games4. It has 78 

also been used in other research domains such as education5. Because emotional engagement 79 

is not observable and self-report can be biased, Charland et al. have used physiological arousal 80 

to assess emotional engagement in learners that were solving problems5. They used 81 

electrodermal activity (EDA) to measure physiological arousal, which is a widely used 82 

method6. EDA is the measurement of skin conductivity, which varies according to the 83 

differences in sweat gland activity3. This measurement is an important correlation to real-84 

time emotional variations. EDA is associated with many constructs such as stress, excitement, 85 

frustration, and engagement7. Complementing EDA data with self-report responses are 86 

therefore recommended to associate the data with the right construct3. The Self-Assessment 87 

Manikin (SAM) is a self-reported pictographic scale that assesses three dimensions of 88 

emotion: valence, arousal, and dominance8. The current work used the arousal dimension, 89 

assessed using a visual 9-point Likert scale, ranging from calm to excited. Perceived arousal 90 

has been used in combination with physiological arousal7. 91 

 92 

In traditional video games contexts, spectators are seated in a chair and stay more or less in 93 

the same position for the duration of the experiment. They are expected to look at a screen 94 



where the actions take place. This setting has been seen in previous games studies using 95 

physiological data9. In this case, it is simple to start the recording of the game at the same 96 

time as the recording of the physiological data10. 97 

 98 

In the context of new digital games that are played outside of the screen, and in which 99 

participants stand and are free to move, traditional EDA recording might not be appropriate. 100 

The game used in this study is akin to a life-size Pong11. This game is composed of a ball and 101 

two paddles, each on an extremity of the playing field. Players move their paddle in order to 102 

push the ball from one end of the field to the other. In the version used for this research, the 103 

game is projected on the ground and players use their bodies as controllers for the paddles. 104 

Movement detection technology allows the paddle to follow the two players who are situated 105 

at opposite sides of the playground. An example of how the players prevent the ball from 106 

hitting the virtual wall behind them is presented in Figure 1. The game also involves spectators 107 

standing on the sides of the playground, who can use their smartphones to influence the 108 

gameplay. Using a mobile web application, spectators can vote for certain power-ups or 109 

obstacles that can either help or harm the players (e.g., less walls versus more balls, or 110 

modulating the speed of the ball). The option with the most votes wins. 111 

 112 

In this study, we investigate the influence of interactivity on spectators. The conditions of 113 

interactivity are with or without smartphone. We compared the engagement of the 114 

spectators in these two conditions. A within-subject design was used for the interactivity 115 

condition, in order to assess the difference in arousal, and therefore in engagement. In the 116 

current study, groups of 12 people were ideal to promote ecological validity of the game12. 117 

two people as players and 10 as spectators. Only two EDA boxes were available for our study, 118 

so we had a total of eight groups which totalized 16 EDA data sets (two participants with EDA 119 

recording per group of 12). Each member of the public was randomly assigned to two games 120 

with access to their smartphone to influence the gameplay and one game without access to 121 

their smartphone. Game engagement literature suggests that giving many interactive options 122 

can lead to higher engagement13. Research in education has found that physiological arousal 123 

is a correlate of emotional engagement5. Building on game engagement literature and 124 

research in education, we hypothesized that giving the spectators access to interactivity will 125 

increase arousal which will in turn increase their engagement. 126 

 127 

Contrary to studies about player experience, studies about spectators of a digital game rarely 128 

use psychophysiological measures. They are mostly done with questionnaires14, 129 

observation15, and interviews16. One difficulty of using psychophysiological measures with 130 

spectators is that they are often a group and their movements are less predictable than those 131 

of the players. This methodology uses multiple cameras to capture the participants and light 132 

boxes, enabling linking of participants video and physiological data. 133 

 134 

As we used a within-subject design for the smartphone condition, each subject participated 135 

in two games with the interactivity condition, using their smartphone, and one game in the 136 

control condition, without the use of their smartphone. Synchronization of EDA data with the 137 

starts and ends of each game was therefore crucial to enable the assessment of the 138 

differences in each condition of interactivity. It would be impossible to start the recording of 139 

all the three cameras at the same time as the recording of the EDA on the spectators due to 140 

the dimensions of the room. To overcome that issue, we have used a new synchronization 141 



technique called wireless synchronization protocol for the acquisition of multimodal user 142 

data17. Bluetooth Low Energy (BLE) signals are sent from a sync box simultaneously to the EDA 143 

boxes and to light boxes (see Figure 2). The sync box is a 3D printed box with ON/OFF and 144 

auto/manual switches and a button. The manual function is used for testing the signals using 145 

the button. The signals are incrementing numbers that start at one and that are shown on the 146 

3D printed light boxes. There numbers are shown to the cameras, and the same numbers are 147 

also logged on the EDA data file (see Figure 3). This allows synchronization of events 148 

happening in the game to variations in the EDA recordings. In our case, the events identified 149 

were the starts and ends of the three games. Then we could link the game to the condition 150 

and to the participant number. In this way, we identified which dataset corresponded to each 151 

condition. 152 

 153 

The following section describes the protocol that allows the use of the technique developed 154 

by Courtemanche et al.17. We adapted the technique to answer our research question. This 155 

protocol received an ethical certificate from our institution’s ethics committee. In this 156 

protocol, we use physiological devices18, mounted into a 3D-printed casing. We will refer to 157 

the device as the EDA boxes (boxes used to record the EDA of the participant), the light box 158 

(the box with a digital light), and the sync box (box that sends signals to the EDA boxes and 159 

the light boxes to synchronize data). The synchronization software enabling the wireless 160 

synchronisation protocol for the acquisition of multimodal user data17 was embedded onto 161 

the boxes. 162 

 163 

PROTOCOL: 164 

The following protocol was approved by HEC Montréal’s ethics committee prior to the 165 

beginning of the data collection. 166 

 167 

1. Participant screening for the experiment 168 

 169 

1.1. Recruit participants 18 years and older. Ensure that participants understand the language 170 

of the experiment, can stand for 20 min, possess a smartphone dating from a maximum of 5 171 

years, do not have skin allergies or sensitivities, do not have a pacemaker and do not suffer 172 

from epilepsy or any other diagnosed health problem. 173 

 174 

1.2. Recruit groups of people that are friends, and other groups of people that do not know 175 

each other, in order to control for familiarity. Group sizes must be determined based on the 176 

purpose of the study, the game studied, and the size of the available room. 177 

 178 

1.3. Schedule participants. Impose a date and time for group of people knowing each other 179 

and group the people who do not know each other on their most convenient dates. 180 

 181 

1.4. Ask participants to charge their smartphones and bring chargers to the data collection 182 

session. 183 

 184 

2. Conditions and experimental design 185 

 186 



2.1. Prepare the randomization sheet for the interactivity condition by associating each 187 

participant number to the two conditions of interactivity for each game. Also assign numbers 188 

to players and to spectators who will wear an EDA box. 189 

 190 

3. Preparation 191 

 192 

NOTE: These materials are needed to perform the protocol: EDA box, the box used to record 193 

the EDA of the participant; light box, the box containing lighted digital numbers; and sync box, 194 

the box that sends signals to the EDA box and the light boxes to synchronize data. Two 195 

armbands, EDA electrodes, EDA sensors, medical tape, and antiseptic wipes are also needed. 196 

 197 

3.1. Plug the EDA boxes, the three light boxes, and the sync boxes into the charging station. 198 

 199 

3.2. Turn on the game in the studio (projector and 3D scanner for movement detection 200 

technology) and test the game by running it through a full game. 201 

 202 

3.3. Place the consent forms, the pre-experiment questionnaire, and jerseys on a table in the 203 

greeting area. 204 

 205 

3.4. Test the Bluetooth connection of the light boxes. Set the sync box to manual. 206 

 207 

3.4.1. Turn on the three light boxes, the two EDA boxes, the Bluetooth on the EDA boxes, and 208 

the sync box. 209 

 210 

3.4.2. Push the pulse button on the sync box. The light boxes will flash the number 01. 211 

 212 

3.4.3. Turn off the sync box, the light boxes, and the EDA boxes. 213 

 214 

3.5. Set the sync box and light boxes in place for the collection. Place the light boxes in view 215 

of each camera. 216 

 217 

3.5.1. Put the sync box on the tripod, at a height of 6 feet. 218 

 219 

3.5.2. Set the sync box to auto. 220 

 221 

3.6. Unplug the batteries and put them into the cameras. 222 

 223 

3.6.1 Check that battery power can record for over an hour. 224 

 225 

3.7. Place the camera in order for the framing to include all four extremities of the game’s 226 

paying field and the light box. Place the two low light cameras at opposite corners of the 227 

playing field at hip level and place the go pro mid-field on a higher tripod to have an overhead 228 

shot of the playing field. 229 

 230 

3.8. Ensure that framings include the full playing field and an area of 1 m around its limits, 231 

and the light box. Ensure that sync box is not further than 20 m from where participants will 232 

stand, otherwise the pulses will not be transmitted. 233 



 234 

4. Welcoming participants 235 

 236 

4.1. Greet the participants at the front door. Tell them to go sit at the table. 237 

 238 

4.2. Once all the participants have arrived and are seated, describe the tools which will be 239 

used to collect data for the present study. This description should be written in the consent 240 

form. Then, tell the two randomly chosen participants to follow the researcher to install the 241 

EDA equipment. During that time, other participants can start to fill the pre-experiment 242 

questionnaire. 243 

 244 

4.3. Ask the participants to read and sign the consent forms. Verbatim: “I will ask you to read 245 

the consent form. The two copies are identical. One is for you; one is for me. Please answer 246 

all the questions and sign both copies.” 247 

 248 

4.4. Go around the table to sign the consent form, verifying that all questions have been 249 

answered and put one copy of the consent form into a folder designated for this purpose and 250 

give the participant the second copy. 251 

 252 

4.5. Ask the participants to put on the jersey with their participant number. 253 

 254 

5. Installation of the physiological device 255 

 256 

5.1. Ask the participants to remove any jewelry from the non-dominant hand. 257 

 258 

5.2. Use an antiseptic wipe to clean the area where the electrodes will be placed. Remove the 259 

plastic from the electrode and place them on the hands of the participant. 260 

 261 

5.3. Snap the two sensors on the two electrodes. The red wire must be placed on the thumb’s 262 

side. The black wire must be placed on the other side, under the pinky finger. 263 

 264 

5.4. Plug the sensor wire to the A3 port of the EDA box. Ask the participant if they tend to 265 

have sweaty palms. If they say that they do, wrap medical tape around the electrodes without 266 

touching the metal part. 267 

 268 

5.5. Add an armband over the palm of the hand to secure the sensors and electrodes in place. 269 

 270 

5.6. Turn on the EDA device. Check that the Bluetooth switch is still on. 271 

 272 

5.7. Check that the four lights flash. 273 

 274 

5.8. Note the number of the participant and the number of the EDA box serial number 275 

associated to each participant. 276 

 277 

5.9. Place the EDA box on the belt or in the pocket of the participant. If the participant’s 278 

clothes do not allow this placement, offer them a belt, and hook the EDA to the belt. 279 

 280 



5.10. Ask the participants wearing the EDA boxes to return to the table with the others and 281 

complete the pre-experimental questionnaire. 282 

 283 

6. Record baseline 284 

 285 

6.1. Go around the table, starting with the participants who do not have the EDA, and check 286 

whether all the questions have been answered. If the questionnaire is completed, put it in the 287 

folder with the participant’s consent form. 288 

 289 

6.2. Once all participants have completed the pre-experimental questionnaire, walk them to 290 

the game studio. 291 

 292 

6.3. Then, record baseline. 293 

 294 

6.3.1. To do so, tell the participants to calibrate the tools and ask them to breathe calmly and 295 

to fix something in front of their eyes for 2 min. 296 

 297 

6.3.2. Simultaneously, turn the EDA devices off and then on. 298 

 299 

6.3.3. Start a timer for 2 min. After the 2 min ends, turn the EDA device off and turn on again. 300 

 301 

7. Start the experiment 302 

 303 

7.1. Start the recording of the three cameras and turn on the three light boxes. 304 

 305 

7.2. Verify that the light boxes and the full playing field are still within the camera frame. 306 

 307 

7.3. Verify that the sync box is on auto and turn on the sync box. 308 

 309 

7.4. After 10 s, the numbers on the light boxes will flash. 310 

 311 

NOTE: This indicates that the sync box is automatically sending a pulse every 10 s to both the 312 

lights and the EDA boxes. 313 

 314 

7.5. Explain the game by informing that the game is like Ping-Pong and one will understand 315 

while playing. To win, one player needs to make 3 points. Some members of the public will 316 

use smartphones to influence the game by visiting the website URL that is projected on the 317 

playground. 318 

 319 

7.6. Using the randomization sheet with the number of participants for each condition, tell 320 

the participants who will play the game, and who will be on the sidelines as spectators. 321 

 322 

NOTE: For the purpose of this study, the participants wearing the EDA boxes cannot be 323 

selected as playing participants because the spectator’s engagement is being studied. 324 

 325 

7.7. Tell the participants which spectators will be using their smartphone. Ask the spectators 326 

to influence the game. Tell the participants to stay within one meter of the playing field. 327 



 328 

8. Start the game 329 

 330 

8.1. Tell the game technician to start the game by turning on the projectors and the 331 

movement detection technology. 332 

 333 

8.2. Tell the players the scenario. Verbatim: “Here is the context: you are walking in a public 334 

space and you see this game. You decide to participate.” 335 

 336 

8.3. While the participants are playing, visually check whether the lights are flashing every 10 337 

s. 338 

 339 

8.4. In between each game, ask the spectators (not players) to fill in the Self-Assessment 340 

Manikin (SAM) Scale8 questionnaire on their smartphone on an URL. Give them the link of the 341 

questionnaire. When the first game is over, ask all the spectators, not players, to fill out a 342 

questionnaire on the smartphone about the experience. Ensure they answer three questions 343 

using three scales. Do not evaluate the game itself but rather the feeling during the 344 

participation. 345 

 346 

9. Removal of physiological devices 347 

 348 

9.1. Read this verbatim: “Thank you very much for participating in the game. The last game is 349 

over. Spectators will now fill two paper questionnaires, players can leave. Please follow me 350 

to the greeting room.” 351 

 352 

9.1.1. Ask all spectators, except the ones with the EDA, to go back to the table. They will 353 

answer the UES-SF two times, one time thinking about when they had the smartphone and 354 

one time when they didn’t have the smartphone, this is written in the instructions of the 355 

questionnaire. Verbatim: “The participants with the physiological tool, can wait at the table. 356 

The others, can fill out the end of experiment questionnaire, please answer extensively by 357 

explaining clearly what is meant.’ They can ask questions if any. 358 

 359 

9.2. Ask the participant to return the EDA box; turn off the device and the Bluetooth of the 360 

device. 361 

 362 

9.2.1 Unplug the sensor from the A3 port, remove the armband, and unsnap the sensor from 363 

the electrodes. 364 

 365 

9.2.2. Ask the participant to remove the medical tape and electrodes on their hand. Give the 366 

participant a tissue to remove the cream from the hand. 367 

 368 

9.2.3. Remove the micro SD card from the EDA box and repeat steps 9.2. to 9.2.3 with the 369 

other EDA participants. 370 

 371 

10. Debrief the participants 372 

 373 

10.1. Bring the EDA participants to the table where the other participants are sitting. 374 



 375 

10.2. Ask the participants to fill the end of experience questionnaire. Ask the participants to 376 

answer extensively by explaining clearly what they mean. Tell them to seek help of the 377 

experimenter in case they have questions. 378 

 379 

10.3. Place the filled out post-experiment questionnaires with the pre-experiment 380 

questionnaires and consent forms in the folder. 381 

 382 

10.4. Debrief the participants. Once they finish, thank them for their participation, tell them 383 

about the compensation and walk them out. 384 

 385 

11. Cleaning up materials 386 

 387 

11.1. Turn off the three light boxes. 388 

 389 

11.2. Stop the recording of the three cameras and remove the batteries and SD cards from 390 

the three cameras. Place the camera batteries in the charger. 391 

 392 

11.3. Turn off the sync box and plug the EDA boxes, light boxes, and sync box into the charging 393 

station. 394 

 395 

12. Physiological data management 396 

 397 

12.1. Put the micro SD card from the EDA box in an adaptor. Transfer the data to the computer 398 

in a folder named by the number of the participant. Delete the files from the SD card. 399 

 400 

12.2. Select all the data and put it in a spreadsheet. Hide the columns that are not useful. 401 

Select approximately line 1 to line 3,000 and make a scatter plot. If all the data is between 402 

240 and 550, the data is valid. 403 

 404 

12.3. Verify that the markers generated by the sync box are present by selecting the event 405 

column and sorting it. Press control Z to revert the sorting of the markers. 406 

 407 

NOTE: All the markers that were generated will be visible. Sometimes there are markers that 408 

did not appear. This is not a problem, only one marker will provide a point of reference. From 409 

this point, the beginnings and ends of the events can be calculated using the time of the 410 

camera. There are 100 data points every second. 411 

 412 

12.4. Add an event_start_end column. Watch the footage, when there is the beginning of an 413 

event, calculate the difference between the time of the event, and the last marker. When the 414 

seconds related to the event start are found, add a marker named event1_start in the 415 

spreadsheet file. Do the same for the end of the event. 416 

 417 

12.5. Repeat step 12.4 for the baseline. 418 

 419 

12.6. When all the markers are added, export the spreadsheet in .txt format (tab delimited 420 

text). 421 



 422 

NOTE: There will be two spreadsheets per participant, one with the experiment data and one 423 

with the baseline data. 424 

 425 

12.7. Import these files in the software that was developed for these EDA boxes (see the next 426 

section)19. This will generate a file ready for analysis that contains the relative time, absolute 427 

time, events, and EDA signal. 428 

 429 

12.8. Upload files to the EDA analysis software 430 

 431 

12.9. Click on Add Project. Add a title. Add a description. Enter the date of the project and the 432 

total number of participants. 433 

 434 

12.10. Click on the name of the project. Click on Experimental Design. Click on Signals and 435 

choose physiological, EDA, Bluebox recorder, Bluebox and version 3.0. 436 

 437 

12.11. Click on Events and enter the events as they were previously named in the spreadsheet 438 

(e.g., event_start_end). Choose Bluebox, version 3.0. 439 

 440 

12.12. Click on Transformations and choose GSR (galvanic skin response). 441 

 442 

12.13. Click on Unlocked to change to lock for locking the project. Click on File Import to 443 

import the files previously prepared. 444 

 445 

12.14. Click on the participant profile to give information about the participants by entering 446 

their email addresses. Click on Participant is There. Click on Ok Complete. 447 

 448 

12.15. Upload the data file which needs to be zipped in order for the software to recognize it. 449 

Click on the arrow. Click on the pies to upload the file. 450 

 451 

12.16. Go to Analysis and choose Data Exportation; select the participant and their data. Click 452 

on Export Data to create a file for statistical analysis. This can take hours if there are many 453 

participants. The file will appear under Filename at the end of the exportation. 454 

 455 

NOTE: To obtain the file ready for analysis, the software generates clean phasic data. Signal 456 

preprocessing steps were executed as follows: data was recorded at 100 Hz and resampled to 457 

25 Hz, before applying a low-pass 2nd order Butterworth filter and a 50 Hz cut-off. Signal was 458 

then decomposed in tonic and phasic components using the convex optimization algorithm 459 

described in Greco’s article20. This algorithm filters for artifacts and outlier data points. 460 

 461 

12.17. Use the file generated for physiological data analysis. 462 

 463 

13. Analyze the data 464 

 465 

13.1. Subtract the EDA mean from the EDA value, then divide this value by its standard 466 

deviation (where the mean and standard deviations are based on the entire dataset)21 to 467 

standardize the EDA data. 468 



 469 

13.2. Subtract the mean of baseline EDA from each EDA standardized value, where the mean 470 

is based on the baseline data for each participant in question21 to baseline the EDA data. 471 

 472 

13.3. Calculate the means for each condition of interactivity for the SAM Scale and the post-473 

experiment questionnaire (i.e., UES-SF). 474 

 475 

13.4. Test two mediation models, one for each type of arousal: physiological and self-476 

reported. 477 

 478 

13.5. Test the relationship between the independent variable (interactivity) and the 479 

mediators (physiological and perceived arousal). 480 

 481 

13.6. Test the relationship between the independent (interactivity) and dependent variables 482 

(engagement assessed in the UES-SF). 483 

 484 

13.7. Assess the relationship between the combination of the independent variable and the 485 

mediators, and the dependent variable. 486 

 487 

REPRESENTATIVE RESULTS: 488 

This section describes the representative results of this study. We recruited participants using 489 

social media and our institution’s panel of participants. Of the 78 participants, 40 were 490 

women. The mean age was 22 years old. None of the participants had previously played the 491 

game. Other exclusion criteria can be found in step 1 of the protocol. 492 

 493 

The descriptive statistics, which can be seen in Table 1, contain the mean per condition, for 494 

each measure. The mean of the arousal dimension of the Self-Assessment Manikin (SAM) is 495 

reported in the second row of the table. The SAM Scale was administered using a visual 9-496 

point Likert scale ranging from calm to excited8 (see Supplementary File). Results show that 497 

the participants were more excited with the smartphone. The third row shows the difference 498 

between the mean of the standardized EDA for each condition, again showing that it was 499 

higher in the smartphone condition. The fourth row reports the means for each condition in 500 

the User Engagement Questionnaire Short Form (UES-SF), a 5-point Likert scale ranging from 501 

Strongly agree to Strongly disagree was used22. Again, results demonstrate that perceived 502 

engagement was higher in the smartphone condition. The p-values are reported for each 503 

measure, confirming their statistical significance. Employing the Baron & Kenny procedure, 504 

we were able to identify the mediating role of arousal in the relationship between 505 

interactivity and spectators’ engagement23. Self-perceived arousal and self-perceived 506 

engagement had 78 participants and physiological arousal had 12 participants. The numbers 507 

are lower than what we recruited because we had to discard four EDA participants and two 508 

SAM Scale and UES-SF participants due to data loss. 509 

 510 

These results show that this data collection and analysis method provides the necessary data 511 

to compare the two conditions of interactivity. As suggested by player experience literature3, 512 

combining lived and perceived arousal measures provide a more robust assessment. 513 

Moreover, this method allows for an ecologically valid measurement of both physiological 514 

and self-reported arousals, as the wireless EDA devices permitted a live recording during 515 



uninterrupted gameplay. Further, the self-reported arousal questionnaires were completed 516 

in between each game, directly on spectators’ smartphones, which were already used to play 517 

the game. This allowed the participants to stay in the flow of the game. 518 

 519 

FIGURE AND TABLE LEGENDS: 520 

 521 

Figure 1: Visual representation of the game. This figure shows the playground with one 522 

player on each side and six spectators watching from the side of the playground. All the 523 

participants are wearing a jersey with a number on it. 524 

 525 

Figure 2: Visual representation of the syncing devices. This figure shows the devices used to 526 

sync the EDA data. There is the sync box on the left and the light box14 showing a number at 527 

the right. 528 

 529 

Figure 3: Visual representation of the camera and light box. This figure shows a light box 530 

being positioned in front of a camera. The camera is on a tripod and the light box14 is on a 531 

mechanical arm that is mounted on the tripod. 532 

 533 

Figure 4: Relationships between variables. This schema represents the mediating role of 534 

arousal in the relationship between interactivity and spectators’ engagement. 535 

 536 

Table 1: Descriptive statistics per group. The numbers represent the means of the total 537 

values of each measurement tool per condition of interactivity. The p-values are shown in the 538 

P-value column. P-values were measured using a linear regression with random intercept with 539 

a two-tailed level of significance. 540 

 541 

Supplementary File 1: SAM scale  542 

 543 

DISCUSSION: 544 

Please note that the steps were performed in the studio of the creators of the game but could 545 

be replicated in a laboratory setting or another environment that has enough space to fit the 546 

game. It is important to note that the sync box can only transmit a pulse to the lights and EDA 547 

boxes that are within 20 meters. Therefore, the game room or playing field must not be larger. 548 

 549 

Existing laboratory methods have used software to simultaneously begin both the recording 550 

of the videogame screen and physiological measurement tools10. In the context of digital 551 

games that do not take place within a screen, this method is inadequate. This issue is bypassed 552 

by the synchronization method described in our protocol. No matter when the recordings 553 

begin, the data can be synced. Our work has demonstrated that the technique proposed by 554 

Courtemanche et al. can be applied to game research, specifically, in games that take place 555 

outside of the traditional console-based gaming17. With the combination of synchronized 556 

physiological and video data, as well as self-reported measures, we were able to compare the 557 

two conditions of interactivity and observe a difference in engagement. 558 

 559 

For researchers who wish to use this protocol, there are some recommendations that are not 560 

to be missed. The method relies on technology requiring long lasting battery power. All the 561 

material should be fully charged before the experiment to prevent data loss. The EDA 562 



equipment should always be tested prior to the experiment to make sure that it is fully 563 

charged, that the Bluetooth reception is working, and that the lights are flashing. Although 564 

the light boxes are very important for synchronization, if the light only sends one signal during 565 

the whole game it is possible to use the data. The events will then be calculated according to 566 

their camera time difference from that single signal. If one light is not sending any signal, it is 567 

possible to use the two others to calculate the events. If none of the lights are working, it is 568 

also possible to turn on the two EDA boxes and the sync box all at the same time and make it 569 

visible in the camera frame and rely on that for the synchronization of data, although this 570 

method will be less accurate. 571 

 572 

EDA measurement can be affected by movement and sweat; this measurement could be 573 

compromised if the participants were to engage in intense physical activity. In the context of 574 

this game, what is important for spectators is simply to be able to walk around freely and use 575 

a smartphone. This level of physical activity was acceptable for our type of measurement. EDA 576 

sensors were placed on the non-dominant hand of the spectators, which allowed them to be 577 

comfortable using their smartphone with their other hand. Placing an armband on the hand 578 

and the arm of the participant is important as it helps ensure the sensor cable and the 579 

electrodes do not move. Particular attention must be paid to the movement artifacts during 580 

the data analysis process. Some data sets might need to be removed from the study. 581 

 582 

It is also recommended to transfer the data after each session to avoid linking the data set to 583 

the wrong participant. This process also allows the verification of data recordings, as data 584 

cannot be visualized in real time. There should be three text files on each of the micro SD 585 

cards for each session per participant. The first file being the test (when the device was 586 

installed on the participant), the second file being the baseline, and the third file being the 587 

recording during the actual games. 588 

 589 

The method presented in this work could be used by game designers who wish to understand 590 

the lived experience of the audience watching the game being played. As opposed to self-591 

reports or interviews, physiological measures are objective and non-obtrusive to both the 592 

participants and the game24. Coupled with self-reported measures, they offer a more accurate 593 

way of assessing participants’ emotional reactions24. A stronger understanding of the users 594 

will allow for a better design1. Due to its portable equipment, this method could be used 595 

outside of a laboratory setting. It could be recreated in the real context of the game, which is 596 

a public space in our case. This would further promote ecological validity. Other fields of 597 

research such as education and shopping, could also benefit from the portability aspect of 598 

this method and investigate its use. As Charland et al. state, engagement in learning is crucial5. 599 

This method could allow the assessment of the multiple dimensions of engagement in the 600 

real context of a class. Emotional responses have also been found to lead to important 601 

outcomes in the shopping environment25. This method could provide arousal assessment in 602 

the context of shopping malls. Further work would be needed to determine whether this 603 

methodology can be used in these other fields. 604 

 605 
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With smartphone Without smartphone P-value

Self-perceived arousal 5.54 4.64 < .001

Physiological arousal (EDA) 0.0295 -0.1262 < .001

Self-perceived engagement 3.49 3.31 < .001
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 TABLE OF MATERIALS:

Name of Material/ 

Equipment
Company Catalog Number

BITalino (r)evolution 

Freestyle Kit (PLUX 

Wireless biosignals S.A.) 

BITalino 810121006

CubeHX2 n/a n/a

Charging station
Prime 60W 12A 6-Port 

Desktop Charger
RP-PC028

3D scanner Velodyne LiDAR VLP-16

Projectors Barco F90-W13

2 low light cameras Sony A7S

2 tripods for the A7S Manfrotto MVK500190XV

1 plier for the light stand 

of the syncbox
Neewer  Super Clamp Plier Clip

1 magic arm for the light 

box of the go pro
Magic Arm 143A

1 Go Pro Go Pro 5

2 light stands for the go 

pro and the syncbox
Impact  LS-8AI

Any Any

Devices (1 syncbox, 3 

light boxes, 2 EDA boxes)

Jerseys* (fabric, tape, 

string)

Developed by Tech3Lab 

researchers1 n/a

6 USB3 wires for charging

Insignia 3m (10 ft.) 

Charge-and-Play USB A/ 

Micro USB Cable

NS-GPS4CC101-C2
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Rebuttal Letter #2 

Thank you very much for your comments. The responses are underlined and red.  

 

Editorial and production comments: 

1. The editor has formatted the manuscript to match the journal's style. Please retain and use the 

attached file for revision. 

2. Please address all the comments marked in the manuscript. Please ensure that the title of the 

manuscript and the section headings are the same in the manuscript and video. 

3. Please address all the reviewers' comments as well. 

4. Please include reprint permission for reusing the table from previously published literature. 

The table is significantly different from the original publication.  

 
Video: 

1. Please ensure that there is homogeneity between the video and the written manuscript. Ideally, all 

figures/tables in the video would appear in the written manuscript and vice versa. The video and the 

written manuscript should be reflections of each other. 

Video and manuscript reviewed and matched.  

2. Furthermore, please ensure the narration is homogenous with the written manuscript. Ideally, the 

narration is a word for word reading of the written protocol. This can be improved by rewording the text. 

-”Therefore" is not needed. The fact that the game is social does not imply the movement. The same 

phrase is used in the video, at 00:15.) 

Removed from manuscript 

3. Please ensure that the titles and section headings are the same in the text and the video. 

This was ensured. 

 
Once done please upload the video to 

https://www.dropbox.com/request/vffsOqTW81Acvg4mElBz?oref=e 

 

Reviewer #4 

Major Concerns: 

The procedure to define the experiment area and place the cameras should be described with more 

details. Filming the participants is one of the main steps of the procedure, therefore the placement and 

the coverage of the cameras (if not in general, at least for the Pong-like game) should be clear.  

Details added at lines 219-223 “Place the two low light cameras at opposite corners of the playing field 

at hip level and place the go pro mid-field on a higher tripod to have an overhead shot of the playing 

field. Ensure that framings include the full playing field and an area of 1 meter around its limits, and the 

light box. Ensure that the sync box is not further than 20 meters from where participants will stand, 

otherwise the pulses will not be transmitted.” 

Furthermore, since "audiences do not have to be positioned in a fixed spot", the placement of the 

cameras may define forbidden areas where the participants may not be filmed, so this aspect should be 

clearly noted in the document and should be communicated to the participants. 

Details added at lines 340-341 “Tell the participants to stay within one meter of the playing field.” 

 

Minor Concerns: 

Line 64: The sentence seems disconnected from the paragraph. "the steps" is generic. "steps" -> "the 

steps of the experiment" or, alternatively, "the experiment"  

Changed to “the experiment” 

Line 69: "More precisely, arousal, which leads to engagement," needs a reference. In line 79 the same 

concept is expressed, and it is linked to reference 4. 

This is the finding of this paper, the confirmed hypothesis. 

Line 71: "therefore" is not needed. The fact that the game is social does not imply the movement. The 

same phrase is used in the video, at 00:15. 

“Therefore” is removed. 

Line 81: "correlate" -> "correlation" 

Change made. 

Line 114: a reference or a definition for ecological validity is needed 

This ref was added: 
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Labonte-LeMoyne, E.; Courtemanche, F.; Fredette, M. and Léger, P. (2018). How Wild Is Too Wild: 

Lessons Learned and Recommendations for Ecological Validity in Physiological Computing 

Research.In Proceedings of the 5th International Conference on Physiological Computing Systems - 

Volume 1: PhyCS, ISBN 978-989-758-329-2, ISSN 2184-321X, pages 123-130. DOI: 

10.5220/0006962901230130 

Line 190: "test the game by running it through a full game." Is highlighted but is not present in the 

video. 

Highlight removed. 

Line 191: 3.3 is missing 

3.3 was added. 

Line 532: The information about the sync box range is important, I suggest to anticipate it and integrate 

it in the protocol section (along with more details about the placement of the cameras and the overall 

configuration of the experiment area). 

Details added at lines 219-223 as previously stated. 

Line 564: this paragraph about physical activity should be combined with the part about the same topic 

at line 541, to reduce repetitions and keep all the information about a certain topic in the same place. 

Text about physical activity was removed from line 541 and put in the paragraph at lines 564. 

 

Reviewer #5 

Major Concerns: 

- In the manuscript lacks any kind of state of art. I think that they may improve the paper with a little 

review of similar works already available in the literature. With fast research on the web, I found a lot of 

paper that explore similar procedure: 

References to suggested research have been added. 

 

Hazlett RL (2006) Measuring emotional valence during interactive experiences: boys at video game play. 

In: Proceedings of the SIGCHI conference on human factors in computing systems. ACM, pp 1023-1026 

Lines 78-79: A reference to this research has been added.  

 

Granato, Marco, et al. "An empirical study of players' emotions in VR racing games based on a dataset of 

physiological data." Multimedia Tools and Applications 79.45 (2020): 33657-33686. 

Lines 104-105: A reference to this research has been added.  

 

Zafar, M. Abdullah, et al. "Gaming away stress: Using biofeedback games to learn paced breathing." 

IEEE Transactions on Affective Computing 11.3 (2018): 519-531. 

 

-Rows [93-97]: The condition where a player plays seated in front of a screen with limited motions is 

actually the typical condition of video game sessions. On contrary, the authors' experiment is more 

related to a laboratory setting. The authors should try to provide some real application of your 

methodology. 

This sentence was removed ‘Studies in the field of gaming that use physiological evaluation are mostly 

done in laboratory settings3.’ 

Paragraph at lines 647-661 provides many real applications of the methodology.  

 

-The authors should describe better the "EDA Box", the EDA device, and the different tools that have 

used during their experiment. 

Descriptions of EDA boxes added at lines 71-75 The portable devices (EDA boxes) are 3D printed boxes 

that are connected to electrodes that record physiological activity. The boxes have an ON/OFF switch, 

visual indicators, a microSD card slot and charging slots. The visual indicators help in case of 

troubleshooting, they indicate whether the microSD is functional, the state of the Bluetooth and Wi-Fi 

connections and if it is recording physiological data and at lines  and of sync box and light boxes at lines 

147-151: The sync box is a 3D printed box with ON/OFF and auto/manual switches and a button. The 

manual function is used for testing the signals using the button. The signals are incrementing numbers 

that start at one and that are shown on the 3D printed light boxes. There numbers are shown to the 

cameras, and the same numbers are also logged on the EDA data file (see Figure 3). 
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