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ABSTRACT
How food is presented and eaten influences the overall perceived
eating experience. Novel gustatory interfaces have opened up new
ways for eating at the dining table. For example, recent develop-
ments in acoustic technology have enabled the transportation of
food and drink in mid-air, directly onto the user’s tongue. Basic
taste particles like sweet, bitter and umami have higher perceived
intensity when delivered with acoustic levitation, and are perceived
as more pleasant despite their small size (approx. 20`L or 4mm di-
ameter droplets). However, it is unclear if users are ready to accept
this delivery method at the dining table. Sixty-nine children aged 14
to 16 years did a taste test of 7 types of foods and beverages, using
two delivery methods: acoustic levitation, and knife and fork (tradi-
tional way). Children were divided into two groups: one group was
shown a video demonstrating how levitating foods can be eaten be-
fore the main experiment started and the other group was not. Our
results showed no significant differences in liking of the foods and
beverages between the two delivery methods. However, playing the
video prior to the taste test significantly increased the liking and
willingness to eat vegetables in the levitation method. Evaluative
feedback suggested that a bigger portion size of levitating foods
could be the game-changer to integrate this novel technology into
real-life eating experiences.

CCS CONCEPTS
•Human-centered computing→User interface design; Inter-
action design;
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1 INTRODUCTION
The field of Human-Computer Interaction (HCI) has traditionally
focused on the use of visual and auditorymodalities when designing
user interfaces. This has changed with recent research linked to the
study of food in everyday life (e.g., [3, 4]), the ecologies of domestic
food consumption, as well as product and package design [7]; but
mainly with the exploration of novel interaction concepts [10] (e.g.,
shape-changing food [13] and edible interfaces [2]).

Figure 1: Participants in a group of five during a hands-on
levitation activity where they levitated and tasted different
types of foods and beverages.

Recent applied research in acoustic technologies has shown great
potential to further transform the exploration of the sense of smell
and taste. For example, the TastyFloats system [11] can successfully
levitate liquid and solid food morsels, considering the ambient
temperature, the characteristics of the food items, and its effect on
taste perception. It has been reported that perceived taste intensity
(sweet, bitter, and umami) was higher when tasted in a levitation
condition than in a non-levitation one. Also, the hedonic quality of
the bitter taste was modulated in the levitation condition, making
it a less unpleasant taste. The upgraded version of TastyFloats,
called LeviSense [12], is the first platform that incorporates the
stimulation of five human senses (taste, smell, vision, hearing and
touch) in the context of levitating food. These platforms can be
used as innovative tools for chefs to present their dishes, or to help
customers to ingest bitter but healthy food (e.g., broccoli or codfish
oil) encouraging the consumption of vegetables in children.
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However, it has never been tested if customers, especially chil-
dren, are willing to accept acoustic levitation as a food delivery
method on their dining table. To answer this question, we conducted
a user study with children to contrast the two distinct delivery
methods: acoustic levitation (i.e., with TastyFloats), and traditional
eating method (i.e., on a plate with knife and fork). Our results
provide the first empirical insights on how children are willing to
eat levitating foods. Based on the findings, we give suggestions to
human-food designers and researchers guidelines on adapting this
novel interactive platform to the dining environment.

2 TASTE EXPERIMENT
2.1 Study design
We conducted a mixed-design experiment, comparing:

• 7 types of foods and beverages: vegetable/salad, ham, crisps,
biscuits, apples, milk, and cheese.

• 2 delivery methods: acoustic levitation using TastyFloats and
traditional (on a plate).

• 2 conditions: in one condition, participants was shown a
video demonstrating how levitating foods can be eaten be-
fore the main experiment started (the "Video before" condi-
tion) while in another condition, participants were not (the
"Video after" condition).

Sixty-nine children (31 males, 38 females) aged 14-16 years (M =
14.94 years, SD = 0.29 years) participated in the experiment andwere
divided into four groups. Each group had a size of 17-18 children
and participated in one workshop. The workshops were advertised
as part of a participation activity to introduce young children to
science and technology.

Taste stimuli: Seven common foods and beverages sourced
from a local supermarket (©Co-op Food, UK) were used: vegetable/
salad (Co-op Baby Leaf Salad 115g), ham (Co-op Honey Roast Ham
220g), crisps (Tyrrells Lightly Sea Salted Potato Chips 150g), biscuits
(McVitie’s Digestives Original Biscuits 400g), apples (Co-op Great
British Apples 4 Pack), milk (Co-Op British Fresh Whole Milk 1
Pint/568ml), and cheese (Leerdammer Original Dutch Cheese 8
Slices 160g) (see Figure 2a).

(a) (b) (c)

Figure 2: (a) Selected foods given to children in a hands-on
food levitation activity; (b) Visualising standingwaves using
dry ice; and (c) 2 droplets of levitating juice.

Demonstration Videos: Participants were shown four video
clips during the workshop, as follow. Of the four video clips: clips 1

& 2 were shown at the beginning of the workshop, clips 3 & 4 were
shown at different times depending on the condition of the group.

• Clip 1: "British Astronaut Tim Peake shows how to drink water
in space" (https://youtu.be/6fXKtJcile8): to attract attention
and set an inspirational theme for the workshop.

• Clip 2: "TastyFloats: A Contactless Food Delivery System":
showing system design and demonstrations of droplets levi-
tation (https://youtu.be/ZQxgBs0mFPA).

• Clip 3: "Presenters Are Amazed by the Taste of Floating Food!
| Good Morning Britain": a live demonstration of how food
and beverage morsels were levitated and eaten on iTV UK
channel (https://youtu.be/sSglcz8TIAU).

• Clip 4: "TastyFloats on BBCClicks! Up, Up, andAway!": demon-
strating how food and beverage morsels are eaten in a BBC
Clicks! documentary (https://youtu.be/4Nh_i3Gb-Yo).

2.2 Procedure
The experiment was divided into four workshops, each with a group
of 17 participants. Upon arrival, they were separated into 3 sub-
groups, each was assigned to a station with one TastyFloats unit
(see Figure 1). The experiment consisted of three activities.

Activity 1: All participants in the group were first shown video
clip 1, showing British astronaut Tim Peake demonstrating how to
drink water in space, to set an inspirational theme for the event.
They were then explained verbally by the workshop organisers
about how the device works, as explained in [11]. Then, video clip
2 was shown, illustrating the underlying technology and design of
TastyFloats. Afterwards, each sub-group practised with dry-ice to
visualise the standing-wave patterns inside the levitator (see Figure
2b) and practised levitating polystyrene beads.

Activity 2: Once all participants had learnt how to levitate
polystyrene beads. They started with actual food items. Each partic-
ipant was handed a questionnaire, asking them to compare: liking
("How much do you like the [food/ beverage name]?") and comfort
("How comfortable do you feel in tasting the [food/ beverage name]?")
of each food item (using a 7-point Likert scale from 1 = Not at
all to 7 = Very much), with each delivery method: levitation and
traditional (where they tried it on a plate with a knife and fork).
Participants in the last two workshops were shown video clip 3
before the activity (the Video before condition), but participants in
the first two workshops watched the same video clip (#3) at the end
of the workshop (after activity 3 - the Video after condition).

Activity 3: Participants moved on to levitate beverage droplets.
There were three shot glasses of milk, apple juice, and water. Par-
ticipants were demonstrated how to levitate liquids, then tried to
replicate this using 1ml syringes (with blunt needles - as in Figure
2a & c). Using the same questionnaire as in activity 2, they were
asked to rate their liking and comfort for milk. Similar to activity
2, participants in the last two workshops were shown video clip
4 before starting the activity (the Video before condition), whilst
participants in the first two workshop watched it after this activity
(the Video after condition).

Finally, participants were asked two questions: (1) which delivery
method they liked more to eat vegetables, and (2) what would be
an ideal dish for the levitation delivery method.

2

https://youtu.be/6fXKtJcile8
https://youtu.be/ZQxgBs0mFPA
https://youtu.be/sSglcz8TIAU
https://youtu.be/4Nh_i3Gb-Yo


233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

Eating like an astronaut: How children are willing to eat “flying” food using acoustic levitation MHFI’20, Oct 2020, Utrecht

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

(a) (b) (c)

Figure 3: Average food liking ratings of foods and beverages split by: (a) condition (Video after vs. Video before) and delivery
methods (Plate vs. TastyFloats); (b) & (c) difference in food liking between the two conditions in each food type.

3 RESULTS
We used univariate ANOVA to analyse the rating scores, with in-
dependent variables of delivery methods, conditions (or sessions -
showing video clips before or after each activity), and food types.
The results of each rating type: food liking and tasting comfort are
reported separately below.

3.1 Liking
Overall, we found no significant differences in food liking be-
tween the two delivery methods: plate vs. TastyFloats (𝐹1,13.98 =

3.39, 𝑝 = 0.66;𝑀𝑝𝑙𝑎𝑡𝑒 = 4.46, 𝑆𝐸 = 0.10;𝑀𝑇𝑎𝑠𝑡𝑦𝐹𝑙𝑜𝑎𝑡𝑠 = 4.21, 𝑆𝐸 =

0.10). There was a significant difference between session types:
showing the video clips before the activity resulted in higher food
liking (𝐹1,77.48 = 17.78, 𝑝 < 0.001;𝑀𝑣𝑖𝑑𝑒𝑜 𝑏𝑒 𝑓 𝑜𝑟𝑒 = 4.63, 𝑆𝐸 =

0.10;𝑀𝑣𝑖𝑑𝑒𝑜 𝑎𝑓 𝑡𝑒𝑟 = 4.04, 𝑆𝐸 = 0.09).
There was also a significant interaction between Session and

Delivery methods, (𝐹1,28.03 = 6.79, 𝑝 < 0.01). Specifically, in the
Video after condition, food liking in the TastyFloats delivery method
(M = 3.74) was significantly lower than in the plate method (M
= 4.34) (𝑡248 = 3.39, 𝑝 < 0.01, see Table 1 and Figure 3c). This
difference was not found in the Video before condition (𝑝 > 0.5).

Similarly, we found a significant difference in food liking between
video conditions for the TastyFloats delivery method: Video after
(M = 3.74) and Video before (M = 4.68) (𝑡177 = −4.36, 𝑝 < 0.001, as
illustrated in Table 1 and Figure 3a). Figure 3b & c also show the
changes in food liking between the two conditions (Video before &
Video after) of each food type.

3.2 Comfort
Univariate ANOVA found a significant difference between the two
delivery methods (TastyFloats vs. plate) (𝐹1,207.83 = 43.97, 𝑝 <

0.001). Paired t-tests in each condition (Video after and Video be-
fore) showed significant differences between these two delivery
methods: tasting foods and beverages from a plate was signifi-
cantly more comfortable than with TastyFloats (𝑝 < 0.001) (see
Figure 4 and Table 1 for more details). No significant difference

LIKING COMFORT
Video
before

Video
after

Video
before

Video
after

Plate 4.58 ±
0.14

4.34 ±
0.13

4.40 ±
0.15

4.47 ±
0.13

TastyFloats 4.68 ±
0.15

3.74 ±
0.13

3.47 ±
0.16

3.48 ±
0.14

Table 1: Mean ratings (± SE) of food liking and tasting com-
fort in the two delivery methods (Plate vs. TastyFloats) and
in each condition (Video after vs. Video before).

Figure 4: Average rating scores (±𝑆𝐸) of tasting comfort
across all 7 types of foods and beverages.

was found between the two conditions (Video after vs. Video be-
fore) (𝐹1,0.34 = 0.07, 𝑝 = 0.79). No significant interaction was found
between conditions and delivery methods.
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Figure 5: (a) Ideal dishes for TastyFloats, and (b)mostwanted
features on TastyFloats.

3.3 Eating vegetable and ideal dish for
TastyFloats

We performed a paired t-test to compare the scores of "willing to
eat vegetable" using each of the delivery methods. No significant
difference was found between TastyFloats (𝑀 = 5.10 ± 𝑆𝐷 = 0.37)
and plate (𝑀 = 5.41 ± 0.41) (𝑝 = 0.49).

On the comment of an ideal dish for TastyFloats, participants
were excited to have daily common foods on their dining tables,
such as meat (i.e., ribs - 27%), sweet dessert (i.e., cakes - 19%), soft
drinks (i.e., juices - 14%), pizza (14%), spaghetti (6%), fruits (6%), and
others (14%) (see Figure 5a).

When being asked about what would be the “game-changing”
factor of having TastyFloats in the context of eating and tasting,
about half of participants (48%) were eager to have bigger pieces of
food levitated. Consistent with the finding that it was not as com-
fortable to taste foods as with a plate, 31% of participants wanted
the device to be more comfortable to use. Interestingly, 17% of par-
ticipants thought the device would already be ready to use on the
dining table, while 4% of participants did not anticipate the device
to work and did not wish to use it in their home (see Figure 5b).

4 DISCUSSION
In this work, we present the first study to investigate children’s
perception and willingness to accept levitating foods and beverages.

4.1 Liking and comfort in using TastyFloats
Our results show that children found tasting foods and beverages
not as comfortable as in the traditional manner (on a plate). One
main reason was because the unit given to themwas only to levitate
food and drink morsels. This required participants to actively take
the levitating morsels inside the devices, resulted in a less conve-
nient eating manner. A better approach would be incorporating
the transportation unit, as presented in [11] or the full multisenso-
rial platform (LeviSense [12]) where foods morsels are transported
directly onto the participant’s tongue.

Despite being less comfortable, participants found tasting food
and beverage morsels using TastyFloats equally pleasant as the

traditional method (i.e., on a plate). This is encouraging to apply
further improvements to this novel delivery method. Specifically,
it is possible that if levitating foods are designed to be eaten more
comfortably, the pleasantness would be higher, possibly more than
the traditional method. This is in-line with previous findings in
[11] where participants found levitating droplets (i.e., of sweet and
bitter) tasted more pleasant than having the same taste droplets
dropped on their tongues.

4.2 Using video instructions
Our results show that it is beneficial to demonstrate to children pre-
vious examples of other people tasting foods and drinks, especially
from familiar figures (i.e., TV presenters). We found significant
higher food liking, albeit the same level of comfort, when children
had viewed the demonstrating video clips before the tasting ac-
tivities. This is an important lesson for human-food designers or
chefs in using acoustic levitation to levitate foods and beverages on
a real-world scenario (i.e., on a dining table). Incorporating these
instructional video clips should be a part of the tasting experiences,
and should be done prior to the activity.

4.3 Future works
In this work, participants were introduced to new delivery meth-
ods for the first time. Hence, it is possible that participants were
more excited to try the new tasting experience. A follow-up work
should investigate how the taste perception (i.e., liking and comfort)
changes when participants are already familiar with the delivery
method (i.e., invite participants back to repeat the experiment).

It should be noted that the food and beverage morsel’s size was
constrained by the technology limitation (i.e., maximum size of
about 4mm in diameter), albeit multiple morsels can be levitated
and tasted at the same time. Future investigations can harness
further advance in acoustic technology to increase the size of levi-
tating particle (as in [1, 5]), consequently to improve user’s tasting
experiences, including food liking and tasting comfort.

In the present experiment, we investigated children’s perception
of foods and beverages, but only attending to taste. However, eating
is a multisensorial experience, that involves all of human senses
[6, 8, 9]. Therefore, future investigations should involve more senses
(i.e., vision, smell, and touch) in their investigation, and use an
appropriate platform for this task such as LeviSense [12].

5 CONCLUSION
We conducted the first study with 69 children to investigate their
taste experience (i.e., liking and comfort) of eating levitating foods
and beverages. Our findings support the potential of designing
levitation-based gustatory interfaces in the field of human-food
interaction, as well as in real-life scenarios (i.e., on a dining table).

ACKNOWLEDGMENTS
[Removed for blind review]

REFERENCES
[1] Marco A.B. Andrade, Anne L. Bernassau, and Julio C. Adamowski. 2016. Acoustic

levitation of a large solid sphere. Applied Physics Letters (2016). https://doi.org/
10.1063/1.4959862 arXiv:NIHMS150003

[2] Edible Cinema. [n. d.]. Edible Cinema. ([n. d.]). https://www.ediblecinema.co.uk/

4

https://doi.org/10.1063/1.4959862
https://doi.org/10.1063/1.4959862
http://arxiv.org/abs/NIHMS150003
https://www.ediblecinema.co.uk/


465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

Eating like an astronaut: How children are willing to eat “flying” food using acoustic levitation MHFI’20, Oct 2020, Utrecht

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

[3] Rob Comber, Eva Ganglbauer, Jaz Hee Jeong Choi, Jettie Hoonhout, Yvonne
Rogers, Kenton O’Hara, and Julie Maitland. 2012. Food and interaction design:
Designing for food in everyday life. In Conference on Human Factors in Computing
Systems - Proceedings. https://doi.org/10.1145/2212776.2212716

[4] Andrea Grimes and Richard Harper. 2008. Celebratory technology: New direc-
tions for food research in HCI. In Conference on Human Factors in Computing
Systems - Proceedings. https://doi.org/10.1145/1357054.1357130

[5] Asier Marzo, Mihai Caleap, and Bruce W. Drinkwater. 2018. Acoustic Virtual
Vortices with Tunable Orbital Angular Momentum for Trapping of Mie Particles.
Physical Review Letters (2018). https://doi.org/10.1103/PhysRevLett.120.044301

[6] Marianna Obrist, Carlos Velasco, Chi Vi, Nimesha Ranasinghe, Ali Israr, Adrian
Cheok, Charles Spence, and Ponnampalam Gopalakrishnakone. 2016. Sensing
the future of HCI: touch, taste, and smell user interfaces. interactions 23, 5 (2016),
40–49. https://doi.org/10.1145/2973568

[7] G. J.F. Smets and C. J. Overbeeke. 1995. Expressing tastes in packages. Design
Studies (1995). https://doi.org/10.1016/0142-694X(94)00003-V

[8] Charles Spence. 2015. Multisensory Flavor Perception. Cell 161, 1 (mar 2015),
24–35. https://doi.org/10.1016/J.CELL.2015.03.007

[9] Dustin. Stokes, Mohan. Matthen, Stephen Biggs, and Oxford University Press.
2017. Perception and its modalities. Oxford University Press, New York.

[10] C.T. Vi, D. Ablart, D. Arthur, and M. Obrist. 2017. Gustatory interface: The
challenges of ‘how’ to stimulate the sense of taste. In MHFI 2017 - Proceedings
of the 2nd ACM SIGCHI International Workshop on Multisensory Approaches to
Human-Food Interaction, Co-located with ICMI 2017. https://doi.org/10.1145/
3141788.3141794

[11] C.T. Vi, A. Marzo, D. Ablart, G. Memoli, S. Subramanian, B. Drinkwater, and M.
Obrist. 2017. TastyFloats: A Contactless Food Delivery System. In Proceedings
of the 2017 ACM International Conference on Interactive Surfaces and Spaces, ISS
2017. https://doi.org/10.1145/3132272.3134123

[12] Chi Thanh Vi, Asier Marzo, Gianluca Memoli, Emanuela Maggioni, Damien
Ablart, Martin Yeomans, and Marianna Obrist. 2020. LeviSense: A platform for
the multisensory integration in levitating food and insights into its effect on
flavour perception. International Journal of Human Computer Studies 139 (2020).
https://doi.org/10.1016/j.ijhcs.2020.102428

[13] Wen Wang, Lining Yao, Teng Zhang, Chin-Yi Cheng, Daniel Levine, and Hiroshi
Ishii. 2017. Transformative Appetite. https://doi.org/10.1145/3025453.3026019

5

https://doi.org/10.1145/2212776.2212716
https://doi.org/10.1145/1357054.1357130
https://doi.org/10.1103/PhysRevLett.120.044301
https://doi.org/10.1145/2973568
https://doi.org/10.1016/0142-694X(94)00003-V
https://doi.org/10.1016/J.CELL.2015.03.007
https://doi.org/10.1145/3141788.3141794
https://doi.org/10.1145/3141788.3141794
https://doi.org/10.1145/3132272.3134123
https://doi.org/10.1016/j.ijhcs.2020.102428
https://doi.org/10.1145/3025453.3026019

	Abstract
	1 Introduction
	2 Taste Experiment
	2.1 Study design
	2.2 Procedure

	3 Results
	3.1 Liking
	3.2 Comfort
	3.3 Eating vegetable and ideal dish for TastyFloats

	4 Discussion
	4.1 Liking and comfort in using TastyFloats
	4.2 Using video instructions
	4.3 Future works

	5 Conclusion
	Acknowledgments
	References

