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Figure 1: O&O (Open-source & Olfaction) toolkit, empowers new audiences by help them design and prototype diverse olfactory 
interfaces. To demonstrate its capability, we presented a) a demonstration overview, including b) an aromatic mask, c) a scent-
notifcation watch, d) a scent-enhanced cofee cup-holder, e) an olfactory augmented VR headset, and f) a desktop olfactory 
display. 

ABSTRACT 
Constructing olfactory interfaces on demand requires signifcant 
design profciency and engineering efort. The absence of powerful 
and convenient tools that reduced innovation complexity posed 
obstacles for future research in the area. To address this problem, 
we proposed O&O, a modular olfactory interface DIY toolkit. The 
toolkit consists of: (1) a scent generation kit, a set of electronics 
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and accessories that supported three common scent vaporization 
techniques; (2) a module construction kit, a set of primitive card-
board modules for assembling permutable functional structures; (3) 
a design manual, a step-by-step design thinking framework that 
directs the decision-making and prototyping process. We organized 
a formal workshop with 19 participants and four solo DIY trials to 
evaluate the capability of the toolkit, the overall user engagement, 
the creations in both sessions, and the iterative suggestions. Finally, 
design implications and future opportunities were discussed for 
further research. 

CCS CONCEPTS 
• Human-centered computing → User interface toolkits; User 
studies. 
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1 INTRODUCTION 
Among all human senses, olfactory perception features prominently 
in arousing emotions [1] and memories [10, 91], changing human 
behaviors [31, 36], and enhancing cognition [4, 5, 32]. The uncon-
scious aspects of scent makes this sense an instrumental modal-
ity full of opportunities in HCI [69]. Yet, while advances in in-
teractive technologies have shown promise in vision, audio, and 
tactile interactions, the use of smell is under-explored [70]. An 
intuitive barrier is that scent is an invisible, lingering, and perva-
sive medium [93] that is hard to prototype. Constructing olfactory 
interfaces on demand requires signifcant design profciency and en-
gineering efort. The absence of powerful and convenient tools [57] 
(especially on the hardware side) that reduce design and technical 
complexity posed obstacles for future research in the area. "Of-
the-shelf" olfactory display devices are not widely accessible [82], 
and previous research has typically focused on developing one-of 
interfaces that are constrained by physical forms and application 
spaces [4, 9, 15, 18, 86, 94]. Furthermore, there are challenges for 
future researchers and new audiences to acquire open-source so-
lutions [60], replicate and innovate the original design [30], and 
prototype with digital fabrication machines that are not always 
available. 

Hence, to solve the problems, we designed an open-source olfac-
tory interaction DIY toolkit – O&O (abbreviation of Open-source & 
Olfaction), to empower individuals with no related research back-
ground to design and prototype interactive olfactory interfaces 
with enhanced accessibility, mobility, and design guidance. The 
toolkit consists of three main components: (1) scent generation kit, 
a set of electronics and accessories that can be combined to create 
varied olfactory experiences based on three common vaporization 
techniques, (2) module construction kit, a set of primitive cardboard 
modules for assembling and constructing permutable functional 
structures, (3) design manual, a step-by-step design thinking frame-
work that directs the decision-making and prototyping process for 
users. 

We presented fve featured demos to demonstrate the capability 
of O&O, such as a VR headset that augments immersive virtual 
experiences with the sense of smell and a scent-enhanced cofee cup-
holder that difuses ambient cofee scents for marketing purposes. 

We then conducted a workshop with 19 participants divided in 6 
groups to explore the potential of O&O in assisting olfactory inter-
face design and prototyping. During the four-hour workshop, we 
examined what participants made, how they engaged in the design 
and fabrication process, and their feedback and suggestions on the 
toolkit and workshop organization. To further verify that novice 
users (especially non-programmers) can build complex prototypes 
with the toolkit, we recruited 4 workshop participants for DIY trials 
that allowed them to design and prototype individually within an 
extended period of fve days. 

From the two studies, we found that the O&O toolkit could in-
duce and empower novice users to design and create novel olfactory 
interfaces. Hardware components and accessories in the toolkit fa-
cilitated the fabrication and engineering process, and the design 
manual provided systematic guidance for people to make design 
decisions efciently. In the workshop, participants could design 
and build initial proof-of-concept prototypes from scratch within 
four hours. Moreover, in the subsequent individual DIY trials, all 
four participants (including three non-programmers) validated the 
capacity of the toolkit to deliver high-quality prototypes within an 
extended period of fve days. 

The main contributions of this paper are (1) O&O, a novice-
friendly toolkit for olfactory interface design and rapid prototyping, 
which includes scent generation hardware, cardboard templates 
for module structure construction, and a design manual, (2) fve 
featured demos to prove the usability and capacity of O&O, (3) 
fndings from a formal workshop and solo DIY activities character-
izing how novice users engaged in the olfactory interface design, 
what they made, the challenges therein and their suggestions for 
future iteration and applications, (4) discussions based on recur-
ring themes in the fndings that provide insights and directions for 
further research. 

2 RELATED WORK 

2.1 Olfactory Displays 
Since the concept of "symbolic olfactory display" was proposed 
by Kaye [46], many olfactory display devices have been developed 
for aromatic output [45]. However, most of them were designed 
for specifc applications or tasks, which led to challenges in ex-
tending their original capability to more scenarios. For example, 
for stationary usages, Nakamoto et al. proposed an interactive ol-
factory display for cooking games [67]. Dmitrenko et al. built a 
driving simulator system with olfactory stimulation [16]. Further-
more, some researchers have developed various wearable olfactory 
displays attaching to diferent parts of body. For of-face applica-
tions, Amores et al. proposed an olfactory computational necklace 
that is responsive to contextual data [4]. For on-face scenarios, 
Narumi et al. created a head-mounted favor augmentation system 
supported by visual and olfactory AR technologies [68]. Wang et al. 
produced light-weight face-located displays [94]. Choi explored an 
interpersonal communication approach by designing glasses that 
share odors indicating user identities [12]. In addition to research, 
some commercial olfactory displays are being used in mobile pe-
ripherals [39, 40], wearables, and desktop solutions [13]. However, 
these devices can only be used with special scent cartridges, which 
are limited in scent variety and can be expensive. 

While the works above mainly utilized three methods to gen-
erate smells, i.e. atomizing, heating, and fan/air-pump [97], other 
novel olfactory display techniques have been researched and de-
veloped [42, 86]. For example, previous work has used ultrasonic 
arrays [28], air cannons [98] ,or slideways [59] to change the direc-
tion, distance ,and target of the smell. However, these technologies 
are bulky and difcult to obtain. To lower costs and enhance ac-
cessibility, we covered the three most common kinds of generation 
methods in O&O. 

https://doi.org/10.1145/3491102.3502033
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With the support of these techniques, previous work has cov-
ered many application felds, such as VR [27, 78], multimedia and 
mulsemedia [21, 62, 63], relaxation and sleep aid [3, 52], convey-
ing messages [56], and in-car scenarios [15, 17]. However, despite 
various applications demonstrated by previous work, few studies 
have provided original design fles and detailed guidance for sub-
sequent olfactory experience explorers. Moreover, there was no 
scent-enhanced of-the-shelf technology that supports free modif-
cation and extension. 

A few open-source projects were investigating this area. Ha-
jukone and Inscent are both open-source scent display devices [18, 
60]. However, the former was based on a commercial product (al-
ready not in stock), while the latter was focused on wearable sce-
narios, and its scent generation method is difcult to replicate. 
Howell et al. built a reproducible display based on an Arduino con-
trolled fan, which was quite simple in function [34]. While existing 
open-source explorations only presented limited odor generation 
techniques, O&O included diverse hardware selections containing 
both scent-delivery methods and interactive functions. 

2.2 Toolkit Construction 
In the HCI community, prototyping toolkits are often developed 
for those novel interaction interfaces. For example, for tangible 
or haptic experiences, researchers explored shape-changing inter-
faces [43, 48, 65, 66, 83, 100], wearable haptic interfaces [19, 73, 84], 
modular robots [53, 77, 85], and on-screen haptic interfaces [51, 76]. 
They overcame challenges in designing, fabricating, sensing, and 
actuating interfaces by proposing toolkits that adopted innovative 
materials and fabrication processes [43, 95], created functional phys-
ical widgets and control components [48], or developed integrative 
hardware and frmware environments [19]. 

In contrast, for the two full-fedged modal experiences of vision 
and audio, researchers have focused more on their value at the 
application layer rather than on overcoming the technical dif-
culties. For visual experiences, most research focused on software 
application of graphical user interfaces in VR/AR [92, 102], pro-
gramming [58], interactive displays [26], or to support design and 
sensing activities [25, 88, 99]. For audio experiences, there are also 
a few toolkits that interact with multimodal augmentation [80] 
and web-based environments [87]. In addition, more toolkit stud-
ies have been presented about wearable things [33, 44], fabrica-
tion techniques [20, 64, 71], sensing techniques [89], STEM educa-
tion [92, 101], etc. 

A number of recurring and universal principles emerged from 
these studies, such as ease of acquisition or fabrication [48], ver-
satility that enables replication and creative exploration [50, 51], 
and modularity of reusable structures [53, 54, 65]. In addition, as 
olfaction is a unique chemical sense, creating an olfactory toolkit 
poses additional challenges in democratizing scent generation tech-
niques, designing scent transmission properties, empowering new 
audiences, and dealing with ethical risks. 

These challenges explained why there are few toolkits devel-
oped for olfactory applications. Saleme et al. performed a detailed 
survey of devices for multi-sensory media DIY, which included DIY 
and commercially available olfactory displays [82]. Hamidi et al. 
proposed a DIY prototyping platform to create audio interfaces for 

therapy [24]. Martinez et al. developed TESSA for experimenting 
with sensory augmentation, which only supported haptic and audio 
feedback, while olfactory cues were not included [81]. Maggioni et 
al. presented Owidgets, a software toolkit that enabled smell-based 
experience design [57]. It was similar to our idea, but focused on 
the software solution and multi-modal media integration. 

Hence, we aim to develop a general design and rapid prototyping 
toolkit for olfactory interfaces. Our work, in contrast, contains 
various permutable modules and a design fow that facilitates the 
exploratory construction of olfactory interfaces. By lowering the 
technological barriers, O&O will allow more researchers, and even 
ordinary users, to participate in relevant research. 

2.3 Methods for Toolkit Evaluation 
Organizing workshops is an efective way to evaluate toolkit works. 
Thus, many previous studies have involved the use of this approach. 
For instance, the work of PaperPixels conducted a workshop in 
three stages (introduction, free task, and demonstration) to explore 
the potential of their kit [72]. Peek et al. proposed the Cardboard 
Machine Kit, and confrmed the value of their approach by conduct-
ing formal workshops and in-the-wild exploration sessions [71]. 
Makerwear [47] used the advantages of a pilot workshop study to 
obtain the preliminary understanding and frst iteration of their 
toolkit, and used mixed methods to get quantitative and qualitative 
fndings in the two follow-up formal workshop studies. Further-
more, Moraiti et al. presented a DIY toolkit for smart soft objects, 
and they ran both individual participatory design sessions and 
workshops in groups to obtain opinions on the toolkit [61]. 

Overall, the workshop process and organization method of these 
works acted as reference for our workshop design. In addition, we 
also adapted our approach based on the actual situation by using 
group workshops and solo DIY methods to explore the possibilities 
of O&O kits in designing and prototyping olfactory interfaces and 
gathering design insights and feedback for iteration. 

3 DESIGN PRINCIPLES 
Obrist et al. [57] and Ledo et al. [50] evaluated the value of building 
an HCI toolkit into fve criteria that call for (C1) simplifed expertise, 
(C2) appropriate design guidance, (C3) ease of material acquisition 
and fabrication, (C4) compliance with existing technologies, and (C5) 
easy replication and creative exploration. To summarize and adapt to 
the actual needs, we restructured the mentioned design principles 
that O&O meets into two main categories. The frst is accessibil-
ity, indicating the ease of design, fabrication, and interaction. The 
second is fexibility, implying versatility and modularity in forms 
and applications. In addition to these two, we added a third need: 
health and safety [90]. 

3.1 Accessibility 
3.1.1 Easy to design. The motivation to ofer appropriate design 
guidance supported by simplifed expertise in olfactory interface 
development (C1, C2) is to broaden the design vision and facilitate 
the decision-making process on value proposition, functions, and 
implementations of the projects. Therefore, this toolkit proposed 
progressive design steps, efcient and interactive design tools (e.g. 
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storyboards, sticky notes), and prototyping guidance on the corre-
sponding hardware for novices. 

3.1.2 Ease of fabrication. To reduce prototyping complexity and 
promote engagement of new audiences in the development of ol-
factory interfaces (C3), we encourage replacing digital fabrication 
methods used by most previous research with more widely avail-
able alternatives. In terms of fabrication materials, we recommend 
acquirable and easily handcrafted options, such as cardboard or 
foam board. Materials such as ABS, iron, wood, or acrylic, always 
require demanding fabrication environments and safety training 
sessions for the operation of machining tool, and hence will dis-
courage novices with less technical experience from working with 
them. In terms of fabrication tools, the general applicability of man-
ufacturing equipment and the complexity of manipulation are also 
within the design scope. Although digital fabrication methods are 
not prohibited, the overall design principle should be friendly to 
non-professional users who can create prototypes using only simple 
tools, such as scissors. 

3.1.3 Ease of interaction. To reduce the technical barriers of scent 
display techniques for non-programmers (C4), we built our engi-
neering solutions on open programming platforms (e.g. Arduino, 
Rasperry Pi) and proposed compatible electronic modules. Further-
more, the components can be integrated and developed with other 
commercial DIY toolkits (e.g. sensor kits) to enhance the design 
complexity and meet diverse needs. 

3.2 Flexibility 
3.2.1 Versatility. Versatility demonstrates the high fexibility of 
this toolkit to support replication and explore diverse scenarios 
(C5). Murray et al. classifed olfactory interface applications into 
two general categories based on location and scent delivery tech-
nologies: "Wearable" and "Placed in the environment" [63]. After 
further considering the major achievements and research interests 
in this area, we presented a more extensive classifcation that in-
tegrates our toolkit design with domains of Standalone, IMEs 
(immersive media experiences), Portable, Wearable. Detailed 
explanations of the four application areas are as follows: 

Standalone defnes medium/large-sized olfactory delivery de-
vices with the foor or desktop as their contact carriers. 

IMEs can be combined with immersive virtual experience sys-
tems to simulate compelling multimodal experiences. 

Portables represent small/medium-sized devices that augment 
the original functions of portable objects, such as packages and 
cups. 

Wearables comprise two categories: on-body and head-mounted, 
diferentiated by the relative location of its attachment to an olfac-
tory organ. 

Diferent application scenarios require varied olfactory experi-
ences supported by multiple scent generation technologies. After 
re-evaluating the practicality and accessibility of scent vaporization 
techniques mentioned in existing studies [63, 97], we selected three 
technologies (atomization, heating, and airfow acceleration) to in-
clude in the toolkit design. These technologies can accommodate 
odor sources in almost any physical state (solid, gas, liquid) and 

create rich odor experiences. For example, atomization that dis-
perses liquid scent sources is characterized by the soft, moist, and 
non-intrusive quality of delivery. Heating is a traditional method 
of scent generation and can be adapted to most heat-resistant odor 
sources, such as fragrant woods. Airfow can be used to accelerate 
the vaporization process at the liquid surface or bubbling to create 
light and breezy olfactory experiences. 

Furthermore, since scent is lingering and fragile [55], spatial 
and temporal factors in the transmission process, such as direction, 
distance, burst rate, mixture, pattern, speed, and duration, also 
contribute to variations in experience. Any physical forms that 
appear in the scent transmission process will implicitly interfere 
with the original characteristics of the scent. Thus, we considered 
the design for scent transmission mechanisms as another approach 
to design diverse odor experiences. 

3.2.2 Modularity. To meet diferent application needs of olfactory 
interfaces (C5), we adopted a modular design approach that inte-
grated the mentioned scent generation and transmission features 
into minimal viable components. Rather than an all-in-one design, 
creating permutable modules enhanced re-usability, opened up 
multi-application scenarios for subsequent researchers, and min-
imised the efects of mistakes from the overall system. In addition, 
while traditional olfactory interface construction was fxed and 
difcult to modify or extend, we aim to expand the richness of 
the primitive components to adapt to diferent forms, sizes, scent 
generation technologies, and odor sources. 

3.3 Safety and Heath 
When introducing unstable factors such as high temperatures or liq-
uids to interactive systems, it is necessary to fully consider whether 
it will impact the safety of users and propose corresponding pre-
cautions. 

Furthermore, while encouraging users to explore the possibilities 
of olfactory interfaces, we also considered the pitfalls of techno-
logical misuse and are obliged to inform future researchers of the 
norms of prototyping with odors. We emphasized the signifcance 
of selecting appropriate odor sources and assessing their safety, 
pleasantness, and any potential negative implications. Designers 
are required to refect immersively in the actual application scenar-
ios from the perspective of end-users: for example, people do not 
want an odor to play continuously in a specifc context, resulting 
in too high a concentration and causing discomfort. Hence, the de-
signer should consider the negatives caused by odor difusion over 
a long period. Further, an odor that is pleasant for most people can 
also cause psychological or physiological harm to some people, so 
the designer should think about the spatial transmission boundary 
of the odor. During the transmission process, odor contamination 
may cause discomfort and health risks to users, so scent sources 
should be prevented from direct and unintentional contact with 
absorbent materials or additional scent sources during the process 
of generation and transmission. 
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4 "O&O" TOOLKIT OVERVIEW 
A toolkit overview is shown in Fig 2, O&O consists of three parts: 
a scent generation kit, a module construction kit, and a design 
manual. The project is open-source and available on Github1. 

4.1 Scent Generation Kit 
The scent generation kit is comprised of a collection of custom-
designed driver modules, output components, and optional acces-
sories. We ofered wiring guidance and programming examples for 
integration with the Arduino platform. 

4.1.1 Driver modules. We designed two sets of driver modules 
for ultrasonic atomizers and output components supporting PWM 
control (fan, heater, air-pump, motor). All modules support manual 
and program control modes. Manual mode allows users to directly 
control the modules with passive switches (e.g. buttons), while 
program mode responds to embedded programming. We expect 
non-programmers to achieve simple olfactory display activities 
by using the driver module in manual mode. In addition, both 
module sets have a basic version and a Pro version with advanced 
capabilities. To further reduce memory costs, all modules have a 
unifed layout with the ports of control, power supply and output 
components. The control ports of basic modules are identical to 
the standard IO ports (digital I/O, VCC, GND) of ordinary Arduino 
modules. 

Atomizing driver modules. In atomizing driver modules, a 555 
timer circuit is utilized to generate a clock signal to control MOSFET, 
and an LC oscillation circuit is used to drive the atomizers [23]. In 
addition, the modules allows atomizers of various specifcations 
(108KHZ/160KHZ) to work by adjusting the blue rheostat to an 
appropriate value (667 Ohm/450 Ohm). 

Basic Module. The pin(VCC) of the control port is connected to 
an internal 5V voltage supply from an LDO. The switch of the driver 
is controlled by an N-channel enhancement MOSFET (NCE6005 in 
this version), so pulling pin(SW) up to VCC will turn the driver on, 
whereas connecting pin(SW) to GND will turn it of, and can be 
easily achieved by connecting a tangible button or Arduino digital 
pins. 

Pro Module. Before powering up, either set of the pins represent-
ing program and manual modes respectively must be shorted by a 
jumper cap; otherwise, the power supply chip will fail to function 
correctly. In program mode, users connect modules to Arduino 
using the fve pins on the frst row: pin(SW, GND) for switching 
ON/OFF and pin(CS, DI, SCK) that constitutes a 3-wire SPI protocol 
to control the driving voltage, thus adjusting the fog intensity. In 
manual mode, users connect a button module to the pin(SW, 5V, 
GND) to control ON/OFF and a 100Kohm rheostat module (wiper 
end must be connected) to the remaining pin(RL, RW) to control 
fog intensity. 

PWM driver modules. Each PWM driver module selects the 
function of operating voltage (5V, 9V, 12V) to match the standard 
operating conditions of the output components. Ensure that the 
operating voltage is always higher than the supply voltage (if the 9V 
power supply is used, only 12V operating voltage can be selected). 

1github.com/cheerlucy/ProjectO-O 

Basic Module. The control mode of the module is the same as 
the basic module of the atomizer. In addition, in program mode, 
pin(SW) allows the PWM signal to control the output intensity. 

Pro Module. The Pro module introduces additional control over 
the polarity components, such as DC motors and Peltier pads. The 
module is an H-bridge driver (RZ7889) in essence. The user can use 
dual-channel PWM signals to control the polarity and strength of 
the output components (such as the positive and negative rotation 
and speed of the fan) or use two button modules to control the 
positive or negative full strength operation. It is important to note 
that a wait time is necessary before switching between positive and 
negative directions to prevent damaging the output components. 

4.1.2 Output components. As shown in Table 1, the toolkit includes 
four categories of output components: atomizer, heater, fan, and 
air-pump. We tested and ofered multiple components with various 
specifcations for each category. Users may also adopt their own. 

4.1.3 Optional accessories. 
Odor sources and containers: Recognizing and exploring various 
forms of odor sources in daily life is an initial step in empowering 
new audiences [69]. A broad spectrum of odor source variants 
inspires design scenarios for users. Therefore, this toolkit presents 
liquid, solid, ointment, and powder forms of everyday odor sources, 
as well as assorted containers for appropriate materials. 

Liquid sources: While essential oils are the most recognized liq-
uid aromatic substance, daily items, such as drinks, liquid laundry 
detergent, or alcohol, can also be involved in exploratory applica-
tions. When selecting a container for liquid sources, we prioritized 
polymeric waterproof materials, such as plastic, glass, and iron. 

Ointment sources: Ointments (soap, butter) are fowing scent 
sources that generally maintains a solid form but transforms into 
liquids after heating or wetting. Therefore, the container carrying 
the ointment substances should have the same requirements as 
liquids. 

Solid sources: Solid sources, such as pine, cofee beans, Chinese 
medicine pills, often difuse their fragrance by heating. Thus, re-
searchers should avoid selecting solid sources with low combustion 
points (e.g. licorice) in the design for safety reasons. The containers 
do not need to be waterproof and can be made from fabric and 
cardboard. 

Powder sources: Mishandled powder sources are hazardous to 
respiratory tracts and eyes, which explains why they have not been 
favored substances in olfactory research. However, they are unique 
in their fexible characteristics, as they are able to switch between 
solid and liquid forms when in contact with water. There are many 
intriguing but under-explored possibilities in using powder scent 
sources, such as tea powder, powdered laundry detergent, or season-
ing. As a solution, we have found that airborne dust contamination 
can be efectively prevented by wrapping powder in yarn or cloth. 

Control components: We provide users with manual and pro-
gram interfaces for control. We recommend button and knob mod-
ules for those with non-programming backgrounds and ofer pro-
gramming examples for those well-acquainted with open-source 
electronic prototyping platforms such as Arduino. After the toolkit 
connects the olfactory interface to an open-source platform, users 
can further integrate their design with existing Arduino kits (e.g. 
sensor kits). Our following research opted for an electronic module 

https://github.com/cheerlucy/ProjectO-O
github.com/cheerlucy/ProjectO-O
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Figure 2: Toolkit overview. a) Scent Generation Kit, a-1: electronic modules, a-2: Arduino boards, a-3: driver modules, a-4: 
output components, a-5: odor sources, a-6: batteries, b) Module construction kit, c) Design manual. 

Table 1: Output component and optional accessory specifcations. 

Optional accessories 

Scent sources Liquid Ointment Solid Powder and containers 

Control Electronic Module Kit Button modules Knob modules components (32 modules, including 15 sensors) 

Connection parts Straps and staplers Paper clips Hook-and-loop fasteners Double-sided tapes 

Output components 

Atomizer 108KHZ(20mm in diameter) 160KHZ(16mm in diameter) 

5V 0.4W 80◦C 5V 0.8W 100◦C 5V 1.5W 90◦C 5V 1.3W 120◦CHeater (5mm*7mm) (5mm*7mm) (16mm in diameter) (20mm in diameter ) 

Fan/Air-pump 5V circular fan (20mm/40mm in diameter) 5V square fan (20mm*20mm/40mm*40mm) 



O&O: A DIY toolkit for designing and rapid prototyping olfactory interfaces CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA 

Figure 3: Driver Modules. 

kit from YwRobot (32 modules, including 15 sensors, and some 
output modules such as LEDs, servo, relay, LCD, IR control, etc.) to 
be included in our kits for advanced design [41]. 

Connection parts: In addition to the most used double-sided 
tape in DIY, we supply various alternative joining accessories and 
techniques, including paper clips, staples, leather straps, and hook-
and-loop fasteners. These pieces are applied to optimize the robust-
ness of installation and minimize interference from the smell of the 
tape. 

Power supply: For safety reasons, we devised a novice-friendly 
3-9V power supply. In subsequent studies, three capacities (200mAh, 
600mAh, 1000mAh) of 3.7V Li-ion batteries and a 9V battery were 
provided. As a reference, the maximum operating current of all 
the modules is 200mA (atomizer), which means that the 200mAh 
battery can last for 1 hour (for continuous use). 

4.2 Module Construction Kit 
The module construction kit is a set of foldable paper-board tem-
plates made of 1.5mm cardboard. When combined with a scent gen-
eration kit, it creates reusable minimal viable modules for scent gen-
eration and transmission. The design process can take advantage 
of the infrastructure foundation by using plug-and-play modules 
on a custom structure defned by users and application scenarios. 

4.2.1 Size and shapes. A rich abstraction of modules is crucial for 
any creation (Fig 4 a). We designed four sizes of modules (70mm, 
40mm, 30mm, 20mm) for every application category in the de-
sign section. Wearable and portable interfaces will beneft from 
light-weight modules with 20mm or 30mm sizes, while desktop 
applications prioritize larger units. 

In addition, the toolkit presented cardboard modules with primi-
tive forms (square, cylinder, fat, polyhedron, or free-design). The 
inclusion of forms was considered from aesthetic and functional 
perspectives. Square forms were more spatially efcient, and the 
cylinder’s curved shape was more visually compatible with body-
based wearable interfaces. The fat forms only supported the heating 

techniques and presented a more compact structure to difuse fra-
grance by laminating a solid fragrance tablet with a heating pad. 
Moreover, the multifaceted polyhedron forms introduced multiple 
angles for scent delivery mechanisms and inspired people to con-
sider spatial properties in the display. Considering the cognitive 
load for novice users and the complexity of the module structure, 
we did not provide cardboard templates for this module in the 
subsequent demonstration and studies. 

4.2.2 Structure and assembly. The three scent generation technolo-
gies rely on diferent principles in system operation and require 
customized modular structures for implementation. In the follow-
ing, we take the cylinder module as a demonstration example il-
lustrating how scent sources, containers, output components, and 
the cardboard construction work together (the atomizer module 
is shown in Fig 4 b). More assembly techniques and examples are 
available in our Github repository. 

Atomizer: Step 1: Soak cotton balls/sticks/pufs with liquid scent 
source. With a preliminary performance testing, we found that 
the balls delivered the most robust fog under the same state of 
saturation (ball > puf > stick). Step 2: Cram the cotton into a glass 
container. Step 3: Use a rubber band to tie the atomizer with the 
bottleneck to seal liquid with a stretching force. Ensure the wet 
cotton is in complete contact with the bottom of the atomizer. Step 4: 
Construct forms: fold the cardboard template for atomizer modules 
and ft the container in the top and bottom hollows of the cardboard 
module. 

Fan: Step 1: Fold the cardboard template for fan modules. Step 
2: Install and secure fan components into the template by friction. 
For a stronger bond, users can tie components with leather straps. 

Heat: Step 1: Install the heating pad by penetrating a 3mm hole 
on the bottom of the cardboard template. Prevent overheating by 
fxing the heater in the hole vertically and isolatedly from the 
surrounding cardboard surfaces. Step 2: Fold the cardboard template 
for heating modules. 
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Figure 4: a) Generation modules overview. The rest of the smaller module templates can be found in the appendix of the design 
manual. b) Module structure and assembly c) Transmission modules overview. 

4.2.3 Transmission modules. We designed fve types of square 
modules based on the main characteristics of odor transmis-
sion (distance, volume, patterns, horizontal directions, verti-
cal directions), shown in Fig 4 (c). These modules can help users 
adapt to diferent transmission needs and can also act as inspiration 
for more transmission functions. 

4.2.4 Cardboard handling measures. Traditional olfactory inter-
faces are usually constructed of plastic or metal with dense and 
smooth surfaces. Designing and prototyping olfactory interfaces 
using cardboard is a challenge because the fber texture is not well-
suited for "association with odor" in many aspects, such as water 
resistance, absorption of odor, and heat resistance. Here we provide 
some proven solutions we used in several demos to mitigate those 
concerns. 

Water resistance: As shown in Fig 5 (a) and tested with multiple 
demos, the stretching force exerted by leather straps can securely 
fasten the atomizer to the top of the odor source container and seal 
the liquid. However, to lower the risk of water leakage, we suggest 
an enhanced method to anchor the atomizer with multiple leather 
straps or wrap the connection with a thermoplastic sleeve [94]. 
Moreover, if users prefer to use cardboard instead of waterproof 
containers to hold the liquid scent source, they can apply the water-
proof plastic flm on the surface of the paper template or coat plastic 

bags as insulation. The approach was implemented in a desktop 
prototype in the next section which confrmed its feasibility. 

Thermal insulation: The principle of thermal insulation is 
to prevent direct exposure of heaters to the cardboard through 
a structural arrangement. As shown in Fig 5 (b), we positioned 
heating components vertically and isolated it in the middle of the 
module to prevent overheating. With the air and scent sources as a 
bufer, both the end-users and cardboard were protected from an 
accidental burn. 

Anti-contamination: Cardboard is a material that has its own 
odor and also tends to retain other scents which may cause some 
interference. As shown in Fig 5 (c), to overcome the limitation, 
designers can apply a high-polymer flm or tinfoil on both surfaces 
of a cardboard piece for odor insulation. The coating method can 
signifcantly reduce unwanted scent absorption and prevent surface 
contamination. 

4.2.5 Skeleton structure. Instead of all-in-one interfaces that are 
not extendable, we propose an interface system that combines free 
skeletal structures and interchangeable modules described above. 
Designers can explore innovative forms of the skeletal body de-
pending on design needs and DIY convenience. For example, online 
resources provide foldable templates2, wearable templates3, wire 

2www.templatemaker.nl/, www.pinterest.com/pin/47006389830828015/ 
3https://www.pinterest.co.uk/joychan315/dress-template/ 

www.templatemaker.nl/
www.pinterest.com/pin/47006389830828015/
https://www.pinterest.co.uk/joychan315/dress-template/
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Figure 5: Cardboard handling measures: a) water resistance, b) thermal insulation, and c) anti-contamination. 

templates4, and 3D models5 for future researchers to use. By adapt-
ing the subtractive-and-additive design and prototyping methods 
(subtract scent delivery ports on the skeleton faces and plug ol-
factory modules in the ports), designers can imbue the original 
physical design with olfactory capabilities. In addition, DIY ma-
terials are not limited. Although we made the skeleton structure 
with foldable paper-boards in our following study, users can apply 
the cardboard olfactory modules on leather surfaces, fabrics, or 
3D-printed designs. However, designers need to refect on whether 
a material has certain properties that will negatively afect olfac-
tory experiences when adopting it. Take leather as an example. We 
suggested that designers can use the following strategy to remove 
its original odor interference: (1) consider means of isolating the 
original order, such as coating, (2) avoid direct contact between 
the material and the scent display paths through optimal design. 
Similar approaches can be applied to several materials listed above. 

4.3 Design Manual 
The design manual rethought technical production from the lens 
of design disciplines by introducing a human-centered ideology 
supported by an accompanying decision-driven process [11] and 
common design tools [2, 74], such as storyboards, sticky notes, 
paper templates, interactive questionnaires, and evaluation forms. 
The manual walked users through fve design thinking phases de-
veloped by the Hasso Plattner Institute of Design at Stanford [14]: 
empathize, defne (problem), ideate, prototype, and test. By follow-
ing a step-by-step design and prototype guidance, non-professional 
designers will fnd it easier to create innovative olfactory interfaces. 

Empathize: Before forming a concrete design, it is critical to 
understand its motivation and value proposition [75], as this step 
ensures that the designers can fully empathize with the human-
centered needs of users. Common design approaches include con-
sultation with experts, observation, and immersive refection [75]. 
Therefore, the design manual provided a guiding framework to 
simulate similar methods. The framework covered four highly gen-
eralized and well-proven design motivations to design olfactory 
interfaces (evoking emotions, linking memories, delivering mes-
sages, and integrating with multi-modalities) and four potential 
application scenarios (education, marketing, healthcare, and arts). 
In addition, we provided persona templates and storyboards to help 
designers put themselves in the shoes of users in order to think 
about their needs, goals, frustrations, emotions, and contextual 

4https://www.pinterest.com/bethvw/wire-templates/ 
5https://www.yeggi.com/ 

life scenarios. By using both tools, novice designers can refer to 
expert advice and combine it with their life observations to defne 
personalized design goals. 

Defne (problem): In this phase, the design manual encouraged 
designers to articulate a problem identifed in the empathy stage 
in one sentence and provides a concrete example to instruct a 
human-centered defnition. Furthermore, to guide the direction and 
efciency of solution brainstorming in the next phase, we inspired 
designers in defning an initial interface form by presenting four 
dominant olfactory interface forms (VR, Standalone, Wearable, and 
Portable). Moreover, considering the feasibility of the design, the 
design manual constrained the designers by asking them to specify 
three principal attributes and functions of the design. 

Ideate: Now, the designers were ready to start generating con-
crete solutions. It is crucial to get as many ideas as possible at 
this stage [2], but the olfactory interface design is new to most 
designers. Thus, instead of the traditional unguided brainstorming 
approach, the design manual deconstructed all the decision points 
involved in designing an olfactory interface and allowed designers 
to develop systematic creative thinking and refne their imagination 
within the framework progressively. These decision steps walked 
designers through selecting appropriate odor sources, containers, 
cardboard module templates, vaporization techniques, transmission 
properties, and interaction methods and assessing potential ethical 
impacts. In addition, to further facilitate user brainstorming and 
comparing design decisions, we provided interactive questionnaires 
for each of these steps. If users print of the design manual, they 
will fnd that the questionnaire options are modular and easy to 
tailor. In teams, designers can cut out and combine diferent design 
decisions at every step to create a rich set of alternatives that can 
be visually compared and made prioritization. 

Prototype: In this phase, the design manual instructed the de-
signers to use the hardware kit and select the appropriate acces-
sories for prototyping. We provided material sheets, illustrated 
assembly steps, videos, and 1:1 ready-to-print paper templates to 
facilitate the DIY process of functional cardboard modules. Fur-
thermore, we explained the wiring and programming process and 
the methods of using the program and manual functions of the 
electronic modules in detail for non-programmers. 

Test: By its nature, the design thinking process is iterative and 
fexible, so the process described above does not proceed in a linear 
fashion. In order to gain the purest and most informative insights 
for a particular project, these design phases may be switched, per-
formed simultaneously and repeated multiple times to expand the 

https://www.pinterest.com/bethvw/wire-templates/
https://www.yeggi.com/
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solution space and narrow down the best solution. After completing 
the frst prototype, the design manual provided a project rating 
form (on a scale of 1-5) that scores usability, feasibility, creativity, 
security, aesthetics, and overall satisfaction. These ratings can be 
from the designers themselves or from the end-users. From here, 
knowledge gained in later phases can be fed back non-linearly to 
earlier phases to help designers summarize iterative requirements 
and further improve prototype quality. 

5 DEMONSTRATION 
In Fig 1, we highlighted fve prototypes illustrating how O&O can 
support the design and prototyping phase of olfactory applications. 
Each prototype relates to the four common olfactory interface forms 
summarized in the design section and can easily be extended with 
further design and development. 

Aromatic mask. The aromatic mask (Fig 1 b) is a wearable 
olfactory interface and on-face template developed in response to 
the pandemic era. Two cylinder modules (40mm in diameter) were 
attached on the cheek surfaces of the mask with reusable Velcro. 
Scents were delivered to end-users from the 20mm holes hidden 
in the connection part. Depending on needs, users can replace the 
original modules with a selection of functional modules of diferent 
sizes, shapes, and generation methods. 

Scent-notifcation watch. The scent-notifcation watch is wear-
able template designed for the wrist. We simplifed the design to 
keep the watch light-weight (under 30g). The watch surface was 
made by folding a 100mm * 30mm rectangular cardboard with holes 
cut out on both sides (as shown in Fig 1 c) and plugging a 20mm 
cardboard module into the holes with friction. Various alternate 
modules (20mm) can accommodate the installation. Moreover, the 
bracelet is an adaptive nylon strap that passed through the 15mm 
cutout on both sides of the watch body to secure the device against 
the wrist. Its fexible surface can also be used to secure electronic 
components and sensors. 

Scent-enhanced cofee cup-holder. For the purposes of scent 
marketing, the scent-enhanced cofee cup-holder (Fig 1 d) spread 
augmented cofee favors by integrating portable scent displays 
into the original cup-holder design. The three-fold cup holder sup-
ported the weight of the cofee using the folded structure. A 20mm 
slot was cut out on its top surface to mount a scent generation 
module with the same size for aroma difusion. The design accom-
modated varied scent generation techniques (ultrasonic, heat, or air 
pump/fan difusion) depending on attributes of specifc cofee types. 
For example, atomizing modules that release moist vanilla odors 
can be paired with aromatic London Fog; heating modules with 
a dry, cofee-roasted aroma fts Espresso well; air-fow difusion 
that emits natural bean favors can be mixed with the odor of Flat 
White. 

Olfactory augmented VR headset. In this demo, we explored 
a low-cost olfactory VR solution that can be combined with the 
open-source cardboard VR templates released by Google (Fig 1 
e) [38]. To assemble the two robustly, We used hook-and-loop fas-
teners. A preliminary user experience test suggests that the size 
of modules should not exceed 40mm (30mm is the best) to avoid 
excessive weight. Moreover, we built a Unity-based VR scene to 
test this headset and used virtual events (object collision) to control 

scent display behaviors in PWM program mode. To further aug-
ment spatial experiences, transmission modules can be added to 
the scent ports. 

Desktop olfactory displays. For desktop and long-lasting fra-
grance needs, we adopted the largest (70mm) olfactory module 
in this scenario (Fig 1 f). We also explored multiple user control 
methods with Pro drivers, such as Bluetooth, Arduino program, a 
rotary knob, and a button, as well as the efects of layering scent 
transmission modules to change odor properties. 

6 STUDY 1: WORKSHOP 
To gain preliminary understanding of the usability of the toolkit, 
feedback and issues, as well as what and how users could build 
with O&O, we conducted a formal workshop. 

6.1 Participants 
We recruited 19 participants (10 female, 9 male), aged 20 to 34 (M 
= 23.2, SD = 3.4) for this workshop. All of the participants were 
recruited from local universities, and included 11 undergraduates, 
6 postgraduates, and 2 faculties. None have research experience 
related to olfactory interfaces, but all expressed interest in this feld 
and volunteered for the workshop. A pre-study questionnaire was 
released to participants inquiring their feld of study (fll in the 
blank), sensitivity to smell, DIY ability, and Arduino programming 
ability (5-point Likert scale) (see Table 2). 

They had diverse educational backgrounds, including computer 
science, biology, interaction and industrial design, mechanical en-
gineering, and electrical engineering. All participants reported a 
healthy olfactory function with no history of odor allergy. Before 
the workshop started, the author introduced the workshop process 
and safety precautions, and all participants signed an informed 
consent form and were randomly divided into six groups. 

6.2 Procedure 
Our prepared materials are shown in Figure 6 a), including O&O 
toolkits, various odor sources, accessories (e.g. blank cardboard 
pieces), and various tools (including multimeters). The workshop 
lasted for about 4 hours, and was divided into four stages: 

1) A lecture on olfactory interface research (~20 minutes). We 
presented a series of classic studies within this feld [12, 18, 29, 
49, 78, 94] to help the participants quickly get an overview of the 
nature and application of olfactory interfaces. Then, a number of 
existing olfactory display products and current design challenges 
were listed to provide concrete references. 

2) Training program in the use of O&O (~30 minutes). The partici-
pants were frst given some time to familiarize themselves with the 
kit and other materials. Then, we divided them into smaller groups 
and explained to them the use of the design manual, the wiring and 
control of the electronic modules, and the cardboard assembly. Two 
example demos (the watch and mask) were used in the instructive 
explanation of the construction process. 

3) Group brainstorming (~40 minutes). During the group discus-
sion, sticky notes and colored pens were provided. The use of the 
design manual was encouraged to help participants think and sort 
out ideas. 
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Table 2: Demographics of Participants. 

Arduino DIY SmellGroup Participants Gender Age Occupation Programming Field of Study Ability SensitivityAbility 

G2 

G4 

P1 F 22 undergraduate 2 3 4 interaction design 
G1 P2 M 28 postgraduate 2 4 4 mechanical engineering 

P3 F 21 undergraduate 2 3 4 applied mathematics 
P4 F 22 postgraduate 3 2 5 electronic engineering 
P5 M 22 undergraduate 4 4 4 digital media 
P6 F 21 undergraduate 4 4 4 industrial design 
P7 M 21 undergraduate 4 3 4 digital media 
P8 F 23 undergraduate 4 4 3 computer science G3 P9 F 19 undergraduate 2 4 5 bioscience 
P10 F 24 postgraduate 1 4 4 information design 
P11 F 20 undergraduate 4 4 4 industrial design 
P12 M 34 faculty 5 5 4 STEM education 
P13 M 21 undergraduate 4 3 4 visual communication 
P14 M 22 undergraduate 4 5 3 interaction design 

G5 P15 M 24 postgraduate 4 3 3 electronic engineering 
P16 M 21 undergraduate 4 4 4 electronic engineering 
P17 M 23 postgraduate 5 4 4 design & engineering 
P18 F 28 faculty 3 5 3 interaction design 
P19 F 24 postgraduate 2 4 5 graphic design 

G6 

Figure 6: Workshop procedure: a) preparation, b) lecture, c) brainstorming, d) making and prototyping. 

4) Prototype construction (~2 hours) and fnal presentation(~30 
minutes). With the exception of Group 1, most groups had partici-
pants who could program. For G1, the organizer provided necessary 
programming guidance. Considering the short time participants 
had, we only required them to carry out a minimum amount of 
development work, including physical prototype construction. At 
the end, all groups showed their prototypes on site and presented 
their ideas verbally. 

The last two stages were recorded in video for analysis, and par-
ticipants flled out a post-study questionnaire. The questionnaire 
contained 13 5-point Likert scale questions and two subjective ques-
tions, regarding their evaluations on various aspects of the O&O 
(e.g. functionality, usability, versatility), design decision-making 
reasoning, and overall feedback on workshop organization. We then 
conducted structured interviews with the participants through face-
to-face meetings and telephone calls based on their preferences. 
Each interview lasted about 20 minutes. Before the interview, we 

frst familiarized ourselves with the questionnaire results and the 
workshop recordings (video and used manuals) to collect inter-
esting points that constructed in-depth interview questions and 
conversation topics. 

During the interview, we asked questions about their engage-
ment, such as how they brainstormed ideas and made design de-
cisions collectively. We then asked them to give feedback on our 
toolkit and the workshop organization. Furthermore, we also en-
couraged them to report difculties and challenges they met. The 
latent reasons and explanations would be pursued for those ques-
tionnaire questions with low ratings. For instance, if a participant 
rated lower than 3 for the question, "To what extent, the design 
manual is easy to understand?", we would ask him/her to articu-
late the drawbacks of the manual and provide improvement advice. 
Lastly, we would ask them to envision potential applications of our 
toolkit in the future. 
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With the consent of the participants, we recorded audio during 
the interview process and transcribed it into text for later analysis. 
For privacy purposes, we anonymized their data in the transcript 
and in the paper. 

6.2.1 Data Analysis. We used a mixed methods approach to an-
alyze the collected data including the used design manuals, pre-
and post-study questionnaires, transcribed interviews, and work-
shop videos. The two researchers frst browsed through the data 
collected on site (prototypes, manuals, and videos) to gain a basic 
understanding about the engagement process and outputs of each 
group. Then, we did a quantitative analysis on the questionnaire 
results to learn how participants assessed the toolkit and workshop 
organization and whether their expertise (DIY, programming) is 
correlated with their assessment. 

After that, we conducted thematic analysis inductively with the 
interview transcripts [8]. We frst familiarized ourselves individu-
ally with the data. After that, one searcher did open coding to get 
an initial coding list of 280 codes. Another researcher went through 
and validated the list. Lastly, we discussed together for several 
rounds to generate and identify recurring themes from the codes. 
The themes covered how participants evaluated and interacted 
with the toolkit (design manual, electronic and cardboard modules) 
and the overall workshop process, their hardware programming 
challenges, and perspectives on further applications. 

6.3 Findings 
Here, we described the common themes arising from the data analy-
sis. For the Likert-scale questions, we report means (M) and standard 
deviations (SD) - a score of 5 is best. 

6.3.1 Overview of participant-produced prototypes. 
The prototypes presented by the participants are shown in Fig 7, 
which provided us with an intuitive understanding of the usability 
and versatility of the toolkit. 

G1 designed a scent memory mask (Fig 7 a) to alleviate the 
nostalgia senses of people with the unique scent of home. The 
prototype of this group did not fully meet their original ambition 
for various reasons including the technical complexity of using 
atomization and pump transmission, limited time, and the fact 
that none of the three group members have Arduino programming 
experience. Nonetheless, they were able to use the manual mode to 
control the odor generation module and demonstrated their design 
ideas. 

G3 built an "olfactorization piano" (Fig 7 b), a scented music 
instrument that plays music of odors by pressing keys. 

G2 designed a mobile phone case alleviating gaming addic-
tion (Fig 7 c) by sensing the device temperature. When it detects a 
rising temperature due to gaming, the fan turns on to release an 
unpleasant smell, thus discouraging users from playing games. 

G4 designed a plant watering reminder machine (Fig 7 d) 
that display odor by reading the input from a soil moisture sensor. 
The idea is to use smell and light to represent the "mood" of the 
plant, taking advantage of the unobtrusive and persistent nature 
of smell notifcations [56] while trying to evoke empathy for the 
plant in users [96]. 

G5 constructed a "scent-enhanced speaker" (Fig 7 e) changing 
odor delivery and lighting pattern based on the rhythm of the music. 

G6 created a model of an indoor space to simulate a scent 
reminder function built into an air conditioner (Fig 7 f). The 
system delivers a fresh mint scent in the morning to wake up users 
and displays a cofee scent in the afternoon to remind people to 
take a tea break. 

On the whole, every group except G1 completed their proposed 
prototypes, and the ideas of each group were novel and unique. 
This demonstrated the overall capacity of O&O to help novice users 
envision and achieve design aspiration. 

6.3.2 Overall Ratings. 
The results of the post-study questionnaires are presented below: 

All participants were moderately satisfed with the prototype 
completed by their team (M = 3.9, SD = 0.7). 15 participants ex-
pressed that there were iterative opportunities in their prototypes 
and proposed concrete improvement directions on functionality 
or appearance. On the question of "Overall evaluation of the O&O 
toolkit (including design manual)", all participants gave a score 
greater than or equal to 3 (M = 4.1, SD = 0.7). Moreover, they felt 
that the toolkit would inspired them on exploring olfactory inter-
faces (M = 3.8, SD = 0.8) and could help them build smell-enhanced 
prototypes more quickly and efciently (M = 4.1, SD = 0.8). Specif-
cally, they confrmed the versatility of the toolkit (can be used in 
broad areas) as excellent (M = 4.3, SD = 0.5). 

The scores related to the module construction kit were relatively 
neutral, mainly in the difculty of assembly (M = 3.4, SD=1.0, 1 -
difcult, 5 - easy), and fexible integration with the current design (M 
= 3.4, SD = 0.8). Participants rated the quality of this workshop very 
high (M = 4.5, SD = 0.5), believing that it stimulated their interest 
in this feld (M = 4.3, SD = 0.6) and promoted their understanding 
of olfactory interface research(M = 4.2, SD = 0.6). 

Regarding the correlation between personal ability and the toolkit 
evaluation, we did not fnd a signifcant correlation among most 
questions, indicating that our toolkit possesses consistent perfor-
mance for diferent user groups (from novices to experts). The only 
two signifcant correlations (Pearson correlation) were: 1) partici-
pants’ DIY ability was strongly correlated with their assessment of 
the toolkit’s capacity to improve prototyping efciency (r = 0.64, 
p = 0.003). 2) Participants’ programming ability has a moderate 
negative correlation with their evaluation of how easy the card-
board is to assemble (r = -0.516, p = 0.024), which may be because 
programmers tended to consider cardboard assembly to be more 
complex than programming. 

6.3.3 Design with a design manual. 
Most participants recognized that the manual could provide valu-
able design guidance and improve the efciency of the decision-
making process (M = 3.8, SD = 0.7). Some manuals used are shown 
in Fig 8. 

The manual helped form and refne ideas. 14 participants 
acknowledged that the design manual, especially the empathy tools, 
helped them form and refne ideas. For instance, P14 remarked, "The 
manual provides a framework to improve design efciency. You will 
get the design you want naturally by going down from it step by step." 
P6 reported on the role of O&O in inspiring olfactory interface 
design: "There is no doubt that the toolkit can inspire application 
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Figure 7: The prototypes made in the workshop: a) Scent memory mask, b) Olfactorization piano, c) Aromatic phone case, d) 
Plant watering reminder, e) Scent-enhanced music speaker and f) Room model with odor display. 

Figure 8: Design manual in use, a), b), c) and d) were derived from Group 1, 5, 6, and 2, respectively. For each, the top was the 
"Defne" page, and the bottom was the fnal "Test" (and evaluation) page. 

design related to human olfaction, especially for those who may not 
have much exposure to this feld. Although the manual is relatively 
thick, it is user-friendly and clear to understand..." 

P7 suggested that consulting the expertise advice in the empathy 
section of the manual is particularly enlightening: "We originally 
formed a few ideas about social interactions, but felt they were not very 
practical. Then, we shifted minds after getting inspired by the ’art’ 
direction in the design manual (on page 5)." In addition, P15 confrmed 
the efectiveness of the other empathy tools: "This manual will be 
useful for layman by guiding users to analyze user scenarios using 
the persona tool and storyboards." The group of P15 (G5) showed 
their immersive and contextual design thinking in forming ideas in 
Fig 8 (b). 

However, for P13, P17 with design backgrounds, they used their 
experience and intuition to form ideas because they had been fa-
miliar with the design thinking process in daily training. 

As a result, All groups produced at least two additional ideas in 
the brainstorming phase. For example, P8 (G3) would like to make 
a "mood perfume" wearable device that allows users to select the 
scent of their body according to their mood. P3 (G1), P5 (G2) wished 
to add a scent refresher to their laptops or dressing mirrors. P13 
(G4) proposed a scent-enhanced social product that allows people 
with matching personalities to smell the fragrance released by the 
device when in proximity to each other. Both P3 and P8 agreed 
that the design manual guides the team to converge on ideas and 
facilitates collaborative communication by "promoting common 
goals (P8) and discussion of direction (P3)." 
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The manual helped decision making. When we asked the 
participants to explain their design decisions of selecting particular 
components from the kit - for example, scent generation techniques 
and accessories - they gave various answers. Their reasoning was 
generally based on two primary considerations: (1) scenario-based 
needs, (2) empathetic preferences or personal experiences. For ex-
ample, G2 (P4, P5, P6) decided on scent generation techniques by 
prioritizing scenario needs. For their mobile gaming reminder de-
vice, P5 claimed that "The combination of fan and fragrance paste 
could meet our design demands on portability and safety better. If we 
used liquid odor sources, we would take extra efort to design scent 
source storage and conduit devices." 

In addition, G4 (P11, P12, P13) used a mixed design thinking 
approach that balanced psychological preference, design needs, and 
empathetic experiences. Although P11 expressed her interest in the 
atomizer technique, P12 stated that "Considering the mobility and 
robustness of our implementation, we preferred the fan and heating 
pad; mist delivery is hard to control and can easily wet the prototype." 
They observed other groups who used the heating method and 
believed the scent is far more intense than they needed. Hence, the 
group chose to use a fan, the most natural vaporization technique 
indicated by the design manual. 

Moreover, P4 also acknowledged that the rich selection of the 
kits paired with the design manual guidance helped them refne the 
prototype and explore more possibilities. These quotes indicated 
that even new audiences can create diverse olfactory experiences 
using the design thinking fow presented in the manual. 

The manual helped in prototyping. Most participants re-
ported that they could easily understand the manual (M=3.8, SD=0.9). 
A few participants found it challenging to understand the prototype 
building tutorial and gave suggestions to make it easier, such as 
using video recordings for the building process (P6, P11, P18, P19) 
and providing simple circuit diagrams for wiring the electronic 
modules (P10, P13). 

It is worth noting that some non-programmer participants demon-
strated their satisfaction on the electronic tutorial. For instance, 
P3 (non-programmer) told us, "It was easy to get started on. The 
prototype tutorial in the manual was very efective to learn, so it 
was convenient for me to connect the hardware later, for example, 
we used the atomizer module, which I hadn’t touched before, but 
I found it quite easy to use." P11 adopted the Pro driver modules 
and completed the prototypes by reading the instruction. Their 
implementation confrmed the signifcance of reducing the techni-
cal barrier of controlling olfactory interfaces by making detailed 
prototype instructions. 

6.3.4 Prototype and interact with hardware modules. 
Here we treat the assembled electronic and cardboard modules as 
hardware modules. P19 commented on the overall capability of 
the modules: "The toolkit is easy to use, and it allowed us to quickly 
prototype the idea we got by utilizing the functional modules in the 
suite, especially in such a short time." Specifcally, P2 confrmed the 
hardware modules’ ability to implement odor display and in-
teractive functions: "I think it is very suitable for rapid prototyping. 
Since its functional components are relatively complete, the toolkit 
can primarily achieve some basic functions I thought of, even some 
additional interactive features can also be done with this kit." 

P12, P14 and P15 also expressed their satisfaction with the hard-
ware modules. P15 told us his observation on-site, "I was pleased 
with the electronic modules, and I noticed that not every participant 
could program, but they got it underway a lot faster than I thought." 
P12 and P14 appreciated the port design of the driver modules. For 
example, P12 said, "The module ports, including the power socket, are 
standardized, which I think is particularly awesome. If they are not 
standardized ports, the user can easily insert the wrong wires, such as 
the wrong power supply, and easily burn the whole system. For novice 
makers, port standardization is a big problem. The follow-up use is 
relatively simple after this aspect is done." 

Moreover, P3, P4, P6, P12, P13, and P15 thought O&O had good 
versatility and modularity. P3 said: "It contains a lot of fundamental 
modules, plus there are cardboards and other accessories that help 
us envision a large amount of DIY space." P6 mentioned, "The vari-
ous modules can already meet the use case for many scenarios." P16 
specifcally emphasized the inspiration of input modules: "For 
me, those input modules are more inspirational for the design, such 
as those sensors. They can make people think of diferent applica-
tion scenarios and thus generate new ideas based on the detection of 
contextual events." 

6.3.5 Issues and iteration advice for the toolkit. 
Participants also reported issues and left many points of advice 
for iteration as they walked through the prototyping process. The 
main perspectives are as follows: 1) Several participants (P8, P11, 
P17, P18, P19) suggested adding videos or other digital media 
for prototype instruction purpose. The quote of P17 was an 
example, "I would like the explanations to be more visual and simple. 
It would be best if I could know how to build the module without 
reading the manual, and videos would be less difcult to understand 
than the paper material." P18 hoped to use video explanations to 
reduce the cognitive burden of users when they frst interact with 
the kits: "The process of two researchers guiding and explaining the 
use of the manual is clear, but I think it will be somehow difcult to 
read it by oneself, especially if he has not been exposed to it before. 
So is it possible to record the explanation as a video? ... Too much 
information at once may be discouraging to the user’s interest." 

2) Issues of cardboard. We expected users to construct plug-
and-play interface structures with the fundamental cardboard mod-
ules provided by the toolkit and their self-explored interface skele-
ton. P5’s feedback was in line with our design expectations: "In 
addition to using circular cardboard modules to fx the fans, we didn’t 
use too many cardboard templates on site. I felt that this set of mod-
ules could help improve the production efciency when building small 
odor generation blocks, while our main structure was hand-cut with 
blank cardboard." However, a few participants reported difculties 
in splicing the cardboards. Moreover, P2 mentioned the issue of 
cardboard strength and adhesion: "Probably because of my back-
ground (mechanical engineering), when I used cardboard, my frst 
reaction was to worry that it is not strong enough structurally. In ad-
dition, the cardboard components were designed with small adhesion 
surfaces, thus they would easily fall apart when two cardboards need 
to be glued together." This problem was confrmed by P16: "These 
components are rich in variety, relatively simple to use, and func-
tional openings have been designed and cut. However, it is not very 
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convenient to fx them during the building process, and the splices are 
easy to break." 

While P12 praised the design of the cardboard kit as easy to 
use, he gave feedback on its material: "As the side surface of the 
CIRCULAR module has been cut with many scratches for bending, 
the material used made it particularly easy to break and difcult to 
make a perfect cylinder." P13 also suggested: "The type of paper can 
be changed, for example, to corrugated paper, because it is easier to 
fold. Perhaps a thinner paper is also possible." 

The last issue of the cardboard module is about the use of water-
proof flm. Due to time constraints and possible skip-over of the 
manual’s instruction, only G2 and G3 protected their prototypes 
with waterproof flm as the manual instructed. P8 (from G3) men-
tioned the role of waterproof flm, "Waterproof flm is quite useful. 
Since the mist will soak the cardboard, the waterproof flm in addition 
to isolating the smell can also prevent it from becoming wet." She also 
reported their negligence in using the flm, "The cardboard itself has 
a smell, so we pasted the waterproof flm inside the box. However, we 
forgot the pasting outside. As a result, the scent is still mixed with the 
scent of cardboard if we get close to smell." 

6.3.6 Feedback and suggestions on the workshop organiza-
tion. 
Participants(P3, P9, P10, P13, P16 ,and P19) were satisfed with the 
workshop process. P3, P9, P13, and P19 thought that the opening 
lecture had a good guiding efect and helped open up new ideas. 
Take P19’s quote as an example: "I had very little knowledge of ol-
factory design before, so I think the biggest help for me was that the 
lecture made me realize that so many things have been done in olfac-
tory design, and many of them are already operational, but they just 
do not seem to be in the public eye." In addition, more feedback was 
received about the length of the workshop. Although participants 
(P2, P3, P13, P18) were generally satisfed with their prototypes 
produced on-site, they felt that it would have been better if they 
had more time to build it. P2 explained why they failed to com-
plete the prototype, "The anticipated prototyping time was 2 hours, 
which included thinking about which pieces to put where, cutting and 
pasting, and hardware debugging, which I felt was insufcient." 

P13 shared his views on workshops and his preference for per-
forming DIY alone: "The workshop format in groups is suitable for 
novice users because it dramatically reduces the difculty of going 
it alone. Moreover, I think it is essential that the workshop have a 
brainstorming session. After the brainstorming, I feel beter about 
doing it myself. The time will be longer, and the freedom to play 
will be greater." 

P18 ofered great workshop process design suggestions, "It is 
preferable to extend the workshop to three to four days, and 
the design can be completed in 3-4 stages. The organizer frst 
adequately explains what to do in the current and subsequent stages to 
the participants. For example, what we did today may be the drafting 
stage. The next stage could be a day or two for participants to deepen 
their thinking and consider the appearance and program in greater 
detail, with the last stage taking one day to complete." 

6.3.7 Challenges for Hardware Programming. 
We expected non-programmers to be able to interact with scent gen-
eration modules in manual mode, and indeed, participants without 
programming or hardware experience (P1, P2 and P10) expressed 

that they can make some prototypes in manual mode. However, in 
our observations, we found that the manual mode was not fully 
sufcient in meeting the needs of the non-programming partici-
pants. Furthermore, they had some difculties in understanding the 
hardware connections. P9 shared her difculties: "Because there are 
two members in our group who are good at programming (P7 and P8), 
programming and hardware debugging are basically done by them. 
Besides, I don’t quite understand the instruction session on hardware 
wiring... There is indeed a big gap between programming and no 
programming. If you can program, you can realize ideas immediately. 
Otherwise, you have to use the Wizard of Oz method to simulate the 
idea." P10 expressed similar views: "I feel that the hardware part is 
not so easy to use, because I have never learned the relevant knowl-
edge and cannot understand (related parts of) the manual at all. It 
was when I observed and learned how other members operated, that 
I knew how to use those modules." P1 said, "I know it is easy to use, 
but because my programming ability is not so good, I may need more 
time to try out those modules and learn how to program them." P3 
and P9 held a similar view. 

Other participants also provided valuable advice on helping non-
programmers join in. P6 recommended showing some demos and 
scheduling small exercises for non-programmers before the work-
shop. P18 suggested adding interactive programming software 
into the toolkit, "For this suite, the next step is to provide some 
higher-level software that can program and control the hardware 
interactively to make it less difcult." 

6.3.8 Prospective applications in STEM education. 
P12, P17, and P18 suggested us to apply the toolkit in STEM educa-
tion. We valued this recommendation because P12 and P18 are both 
university faculties with a research background in STEM education. 
P12 recommends that: "At this stage, scent-related creation is an 
excellent topic for STEM education. It has scientifc underpinnings 
and educational signifcance. If there is no programming, you can try 
it from 4th grade to high school, and if there is programming, it is 
probably suitable for middle school and high school students." 

P18 stated that:"When we teach Arduino programming classes, we 
fnd that it is very open-ended, and some students may not be able 
to grasp it fully. However, with such a set of olfactory components, 
it does not require much programming and can inspire students to 
be more creative. I think this toolkit is suitable for team-based and 
interdisciplinary use." 

7 STUDY 2: SOLO DIY 
Through the frst workshop, we learned that users need more time 
to learn, design and build with O&O, especially for participants 
without programming knowledge. Allowing users to carry out DIY 
projects for longer periods (for example, 3 to 4 days) independently 
can provide them with a greater creative space and freedom. 

Thus, we recruited 4 participants from Study 1 (P1, P6, P9, P10, 
all females), aged 19 to 24 (M = 21.5, SD = 1.8), to build prototypes 
by themselves to gain deeper insight into how and what they can 
build over a longer period. All four participants volunteered to join 
Study 2, as they showed interest in further exploring the use of 
O&O. Three of them (P1, P9, P10) were not good at programming. 
Therefore, observing and analyzing their DIY process could help 
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us understand how well O&O could facilitate novice users in cover-
ing the whole process of developing olfactory-related applications. 
Moreover, we also wanted to see if they would think about the 
core design features of olfactory interfaces during design and de-
velopment [55], thus indicating if O&O could subtly engage users 
in exploring olfactory experience design from the DIY practice. 

In response to the feedback from Study 1, we made the following 
iterations on the toolkit before Study 2: 1) We provided a video 
assembly tutorial as part of the digital version of the Design Manual. 
2) We added markers on each cardboard element, and improved the 
size and connection methods. 

7.1 Procedure 
The task of the solo DIY is to design and build an applicable proto-
type related to olfactory experience. We provided each participant 
with a refned O&O Toolkit. A DIY space (an empty meeting room) 
and necessary tools were also provided. Two researchers acted as 
programming and hardware mentors, but participants did most of 
the work on their own. 

Clarifcation regarding the mentors’ role: We mainly gave 
help to P1, P9, and P10. Specifcally, we discussed ideas with them, 
helped them fnd the suitable components (if not in the scope of 
our toolkit). We taught P9 and P10 the basic syntax and logic of 
the example Arduino programs and helped them fnd open-source 
libraries and examples. Lastly, we assisted them in debugging when 
they encounter problems and get stuck. P6 designed and built her 
prototype unaided. 

The whole program lasted fve days. Participants were re-
quired to conceive the idea, purchase the necessary supplementary 
materials (such as smell sources that ft the scenario), test the ef-
fect of the smell generation, develop the control system, design 
the appearance, and assemble the fnal prototype. There were no 
specifc working time limits, but each participant needed to present 
a live demonstration on the last day and accept an interview. The 
interviews were audio-recorded and transcribed. 

7.2 Methods 
We adopted the method of participant observation to get details of 
their design and prototype process, as well as the process of learn-
ing to program. Specifcally, we visited them from time to time each 
day to briefy communicate with them regarding their progress and 
to take photos documenting their progress. This helped us keep 
updated with their design ideas, the way they interacted with the 
kits, and the difculties they encountered. For interview data, we 
used a similar method to study 1 to analyze transcriptions themati-
cally. We ended up distilling three themes, covering the efects of 
learning to code, olfactory experience design practices, and more 
in-depth advice. 

7.3 Findings 
7.3.1 Building complex prototypes using O&O. 
Compared to the prototypes of Study 1, the prototypes built in 
Study 2 had more complete functions and more complex structures. 

For example, P6 worked on a specialized equipment for ol-
factory training (shown in Fig 9 a & e). Olfactory training can be 
used in the treatment process for olfactory loss symptoms caused 

by COVID-19 or Alzheimer’s disease [35]. Her prototype included 
design considerations such as scent selection (rose, lemon, euca-
lyptus, lilac), play and interval control, linkage between scents and 
light colors, shared scents, and remote infrared control. RFID cards 
were also designed for patients. 

P1 built an olfactory display (Figure 9 b) that played scents to 
soothe emotions like anger, or reduce symptoms of PTSD. 
She envisioned using facial emotion recognition technology for 
input control, referred to in this prototype as an input button. Fur-
ther, the device had another function in that it could be replenished 
with scented liquid from the outside. This design could resolve trou-
blesome disassembly and assembly operations which occur when 
adding liquid, while also improving the atomizing efect. P1 carried 
out a lightweight implementation, hence the atomizer module and 
PWM driver were controlled in manual mode. 

P10 presented an odor-enhancing machine for "Fruit Ninja" 
game (shown in Fig 9 c). She only used the components provided 
in O&O to build the hardware system, including four atomizer 
modules, an Arduino, and some cardboard elements. A Process-
ing program on her laptop controlled the hardware through serial 
communication. One researcher helped her fnd tutorials on com-
municating with Processing and open source code for the Fruit 
Ninja game on the OpenProcessing website [7]. The participant 
had self-learned enough to build a system that used a mouse as a 
Fruit Ninja "knife" to cut fruit on a screen, and released a corre-
sponding vaporized fruit scent whenever a fruit was cut. 

P9 designed a "do-not-disturb" alarm clock (shown in Fig 9 
d). The participant used the smell and a breathing light efect as a 
reminder for non-urgent time events. Some potential applications 
included: 1) a reminder to stand up and move your body after sitting 
for a long time; 2) a slow but refreshing wake-up call; and 3) silent 
reminders that don’t disturb others. During the development, she 
employed a DS1302 RTC module, which was not included in our 
toolkit, to provide time information for the clock. Additionally, she 
used a pro atomizer module, a button, a LED array, and a LCD 
screen. 

Participants were more fexible in terms of cardboard use. 
For example, P6 designed and made many cardboard structures. At 
the same time, she also referred to some origami templates found 
on the Internet: "I initially wanted to imitate the phonograph to 
make a smell outlet, so I searched for the phonograph on the website, 
but there was no relevant templates. Finally I found a similar four-
pronged cone, and then I improved it myself." P10 built the skeleton 
structure with cardboard templates from diferent modules (Fig 9 f). 
Then she decorated it with cotton to look like a cloud. She shared 
her thoughts: "In the last workshop, almost everyone used square 
modules, which looked very ordinary, so this time I wanted to make 
some breakthroughs in appearance, both in terms of material and 
shape. It happened that there were many cotton balls in the ofce at 
that time, so I thought of making this device look like a cloud that 
would exhale mist." 

In summary, they made full use of components from the O&O 
kit and a few external components to build their creations, and 
decorated them with everyday materials. All four prototypes were 
successfully demonstrated. 
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Figure 9: Prototypes built in Study 2: a) Olfaction training device, b) Auto-fll olfactory display, c) Odor-enhancing machine 
for "Fruit Ninja" game, d) "Do-not-disturb" alarm clock, e) inner structure of the olfaction training device, f) inner structure 
of the "Fruit Ninja" odor-enhancing machine. 

7.3.2 They learned, they created. 
All four participants felt more engaged in the fve-day DIY of Study 
2, and provided us many descriptions of their experiences and 
summaries of their methods. 

They felt a great sense of accomplishment in creating their own 
prototypes. As P9 put it: "I’m quite proud of what I’ve accomplished. 
Despite the fact that I copied a lot of code from libraries found on the 
Internet, I assembled them, altered the order, and connected the various 
sections. I’ve never done any programming before, and I’m excited to 
learn new skills." P10 compared and contrasted her experiences in 
the two studies: "I did not do any programming during the workshop, 
but I learned and did this time. It was completely diferent from the 
last time where I only observed it ... I have essentially mastered the 
control of a single module, including how to measure resistance with a 
multimeter. For me, this DIY activity is a crash course in hardware..." 
P1 used the experience of Study 1 as a comparison: "This time I 
felt more involved, probably because I gradually mastered how to use 
those electronic modules. The whole process was fun, and now I know 
how to implement an olfactory display!" In addition to a sense of 
accomplishment, P6 benefted from our newly provided video: "The 
multi-directional modular design I made was actually inspired by 
the video. There are many aspects in the video that I haven’t thought 
about before, such as multi-player scenes." 

7.3.3 Practicing designing olfactory experiences. 
In Study 2, participants had additional time to fne-tune fragrance, 
structure, and interactions to meet their imagined circumstances. 
For example, P1 sought out pertinent information, conducted trials, 
and eventually settled on a 2:8 ratio for mixing essential oils and 
water. P10 believed that by putting fve drops of essential oil in the 
container and then flling it with water, the odor intensity would 
be just right. P9 stated that she would try to blend the odor source 
with alcohol in the future. 

P9 elaborated on the idea and original intention of her alarm 
clock design: "What I envision is that when users are not as anxious 
to get up, it is sometimes uncomfortable to be awakened by an alarm 
clock, but if you use this less intrusive method, you can wake up 
slowly and naturally to some extent," P9 elaborated further on the 
diferences between the two rounds of prototyping: "I can check out 
those devices, think about where they are located, and then think about 
the user scenario more deeply, maybe more detailed and thoughtful 
than the frst time, and then do some design on the appearance." 

P6 stated: "I found that for Alzheimer or coronavirus patients, their 
olfactory training method is not very standardized, and is just to take 

4 bottles of essential oil and smell it by themselves. However, there 
is a limit to the length and number of times one can snif such that 
the patient can recognize or remember the smell. Therefore, I want to 
design a standardized and interactive olfactory training device.” 

7.3.4 More advice afer in-depth practice. 
We also collected more valuable advice as they explored more deeply 
in using the toolkit. P1 hopes that the overlay on the module can 
be more straightforward (like using numbers to replace VCC, GND, 
and SW) and the signs on the cardboard templates can be replaced 
with colors to make it easier to distinguish between modules with 
diferent functions. P6 suggested that the cardboard templates can 
be designed as a connected structure, and the through-holes could 
be removed in order to enhance versatility. 

8 DISCUSSION 

8.1 Inducing Ordinary People to Explore 
Natural Olfactory Experiences 

In the two studies, we recruited participants with no background 
in olfactory experience design. However, they could prototype cre-
ative ideas quickly after a short training and brainstorming session, 
and our fndings identifed that the toolkit could stimulate their 
interest in the feld. These refect great promise in O&O for guiding 
general designers and developers to explore olfactory experience 
design. For participants with some programming and hands-on 
skills, it will be easy to get started with O&O. Additionally, the de-
sign methodology embedded in the design manual is confrmed to 
be valid for leading participants to think more comprehensively and 
assist in designing solutions. Lastly, the procedure of the workshop 
is also worth learning. 

Additionally, we verifed that O&O could allow users to rapidly 
prototype and support more complex systems and prototypes with 
actual functionality through a fve-day solo DIY event. It would be 
benefcial for users to explore the details of olfactory experiences 
and interaction, such as spatial, temporal, odor intensity, and other 
features. Although some of the toolkit functions were not employed 
in the studies, we can infer from the demonstration section that 
the versatility of the toolkit allows it to support exploring more 
content, such as multiple odor mixing. 

Lowering the technical barrier can attract more laypeople or 
researchers to enter the feld of olfactory design, expand the com-
munity’s size, introduce more disciplines, and enhance creativity. 
One example supporting this is that in Study 2, P6 designed an 
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olfactory training device using knowledge from her previous in-
ternship experience and her feld of study. As we walked through 
the two studies, we recognized that hardware programming and 
debugging can be very challenging for non-programmers, even af-
ter a few days of studying. Since we want to introduce more talent 
into our community, this obstacle needs to be reduced. Our toolkit 
also needs to be upgraded and iterated on in this regard. As P18 
suggested, the most signifcant upgrade is to build higher-level soft-
ware or platforms that can control and interact with the O&O kits 
without coding. Some graphical programming environments such 
as Scratch and Blockly can also be considered to ensure fexible 
design and development [37, 79]. According to our study fndings, 
other ways to lower barriers include producing more tutorial videos 
and inspirational application cases, as well as developing libraries 
for interactively controlling the Scent Generation Kit. 

8.2 Embracing Open-Source Ecosystems 
We open-sourced the toolkit and also included other open-source 
hardware resources as optional accessories, such as Arduinos and 
electronic module kits. From the prototypes created during the two 
studies, it can be seen that O&O can be combined with other modal 
inputs (sensing) and outputs (stimulation) to enrich functionality 
and enhance creativity. For example, the scent speaker by G5 in 
Study 1 and the works of P6 and P9 in Study 2 used lighting efects, 
and the scent player of G4 used a soil moisture sensor. This also 
illustrates the limitations of relying solely on a sense of smell to 
design user interfaces, and the need to utilize the power of multi-
modal integration for experience innovation [22]. Open platforms 
such as Arduino and Processing can provide rich extensions for the 
design and application of olfactory-related experiences. Moreover, 
the open source code and samples make it easy for designers with 
no programming or hardware knowledge to learn and develop their 
own designs. An illustrative example is that P10 took advantage of 
the code from OpenProcessing to develop a mini-game in Study 2. 

Furthermore, we hope to attract more developers and creators to 
become interested in olfactory or multisensory applications. Then 
we could work together to establish an open source community 
for sharing related application cases, which will also accelerate 
innovation of related HCI research [70]. 

8.3 Playing a Role in STEM Education 
The two STEM education teachers who participated in the work-
shop felt very positively about our toolkit. One expressed the wish 
to introduce the kit in the curriculum to support teaching and 
learning, and the other felt that it was a very good entry point for 
children’s education and for children to learn about the world from 
the perspective of smell. This inspired us to transform O&O into a 
STEM education tool, as it will not only beneft young people’s cre-
ative education, but also inform them on olfaction-related research 
and contribute to future talent development in this feld of study. 

From the progress we have made and the results of our studies, 
we can see that this is highly feasible. Firstly, the manual mode of 
our hardware works for teenagers or children who do not know 
how to program and enables them to explore basic scent delivery 
operations, similar to how P1 worked on her project in Study 2 
using only the manual mode of the drivers. Secondly, for courses 

that aim to teach hardware programming, our suite can also provide 
support. From the performance of P9 and P10 in Study 2, this type 
of instantiated learning during prototype implementation is highly 
efective. 

8.4 Alternative Materials to Cardboard 
We investigated several handcrafted paperboard materials com-
parable to cardboard and discovered a lightweight and low-cost 
alternative, foam board. While paperboard materials inevitably have 
to deal with the problem of odor absorption and contamination, 
foam board is more odorless and less absorptive than cardboard 
due to its three-layer structure with two outer facing as coatings. 
However, the polyurethane foam in the middle layer is easier to 
break than the cardboard structure, and in some countries and 
regions, it is not always accessible. Moreover, P13 suggested that 
corrugated cardboard is superior in foldability, but the structure is 
fragile under shear, and its untidy cutting surface has no advantage 
in aesthetics. 

In addition, we explored some other common DIY materials. For 
example, air dry clay, a widely used material in K-12 education, 
demonstrated many desirable properties, such as its odorless nature, 
rigid structure, heat resistance, water-repellent abilities, and strong 
odor difusion. Furthermore, when clay is glazed, the material forms 
a polymer surface that prevents odor absorption [6]. Iron wire is 
another robust and malleable choice that does not interfere with 
the odor experience. Textiles, a fexible material with historical 
relevance to powder fragrance (i.e., Fragrance Sachets), has also 
shown promise in difusing long-lasting scents. 

9 LIMITATIONS AND FUTURE WORK 
In order to allow users who do not have experience with electrical 
engineering to quickly learn how to use it, our drive modules were 
all designed with a one-to-one drive mode (one module drives one 
component). For applications that require a lot of odors, this may 
cause unnecessary waste (space, number of modules, and number 
of batteries). However, we have open sourced related hardware 
circuits, and users with circuit design knowledge can design more 
compact hardware solutions by themselves. 

Another limitation is rooted in the nature of paper cardboard 
itself. We chose paper cardboard because it is cheap, easy to ob-
tain, and easy to process. However, the paper itself is fragile and 
sometimes has its own scent. Although we have designed protec-
tive measures such as coating waterproof flms on both sides and 
discussed the alternative materials such as foam board, wear and 
tear are inevitable during the DIY process. Participants P14 and 
P15 expressed that making rapid prototypes with cardboard can be 
faster than waiting for 3D prints, which is a valid point. However, 
if more time were allowed, users would tend to be more inclined 
to use 3D printing to make structures and shapes. Their thoughts 
were also consistent with our original design intentions. After users 
have tested factors such as shape, direction, and distance of scent 
playing, switching to a more expensive but more robust fabrication 
method is necessary. 

The last limitation comes from the user study. In the workshop 
and solo DIY session, some modules and functions in the toolkit 
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were not explored, such as the PRO PWM modules, heating ele-
ments, and some cardboard modules. Part of the reason for this is 
that we did not fully explain the functions of all modules in the 
training and manual guidance sections. Since the duration of the 
two studies was relatively short, we had to consider the cognitive 
load for the participants and considerations to avoid limiting their 
creativity. Nonetheless, related templates were still considered in-
dicative. For example, although P6 did not use the direction control 
module (because the size was not enough), she redesigned it and 
used the blank cardboard to create new forms by herself. 

Our future work is divided into two areas. The frst is to continue 
to improve and iterate on the O&O toolkit, including but not limited 
to 1) developing software for controlling hardware interaction, 2) 
developing a pre-programming library for O&O with the help of 
a graphical programming environment, 3) adding more olfactory 
interaction components, such as odor sensing units (electronic 
nose), 4) improving the cardboard splicing method and trying more 
accessible materials, such as corrugated paper, foam board, air dry 
clay, iron wire, textiles, etc. The second is to promote the application 
and teaching research of O&O in STEM education, including but not 
limited to 1) developing learning kits and programming software 
for teenagers, 2) improving the module design to make it safer 
and healthier, including cardboard, odor sources and electronic 
elements, 3) enhancing the fun and aesthetic design of the kits, 4) 
studying in pedagogical methods. 

10 CONCLUSION 
In this paper, we proposed O&O, an open-source olfactory inter-
face DIY toolkit that fully supports designers and developers in 
designing and prototyping olfactory interface applications. The 
toolkit contains electronic modules for odor generation and card-
board modules for building structures. Additionally, laypeople can 
quickly get started with the development with the guidance of 
the design manual. We provided detailed instructions on using the 
toolkit and fve demos to demonstrate the capacity of O&O for de-
veloping typical olfactory applications. Through the workshop and 
solo DIY sessions, we found our toolkit easy to use, versatile, and 
friendly to newcomers. Participants created many innovative proto-
types based on O&O. Observing the participants’ performance and 
interviewing them allowed us to critically evaluate the toolkit and 
refect on future implications. Specifcally, we discussed the value of 
inducing new audiences and embracing the open-source ecosystem, 
future iteration directions, alternative materials to cardboard, and 
unexpected prospects in STEM education. 

ACKNOWLEDGMENTS 
This work is supported by the National Natural Science Foundation 
of China (Grant No. 62172252), the China Postdoctoral Science 
Foundation (Grant No. 2021M691801) and the Guoqiang Foundation 
(Grant No. 2020GQG0004). We thank all the participants who joined 
in our workshop and solo DIY activities, as well as Shaoen Ma and 
Li Huang, who helped proofread the paper. 

REFERENCES 
[1] Ouafe Alaoui-Ismaïli, O Robin, H Rada, André Dittmar, and Evelyne Vernet-

Maury. 1997. Basic emotions evoked by odorants: comparison between au-
tonomic responses and self-evaluation. Physiology & behavior 62, 4 (1997), 

713–720. 
[2] Rui Alves and Nuno Jardim Nunes. 2013. Towards a Taxonomy of Service 

Design Methods and Tools. In Exploring Services Science, João Falcão e Cunha, 
Mehdi Snene, and Henriqueta Nóvoa (Eds.). Springer Berlin Heidelberg, Berlin, 
Heidelberg, 215–229. 

[3] Judith Amores, Javier Hernandez, Artem Dementyev, Xiqing Wang, and Pattie 
Maes. 2018. Bioessence: A wearable olfactory display that monitors cardio-
respiratory information to support mental wellbeing. In 2018 40th Annual In-
ternational Conference of the IEEE Engineering in Medicine and Biology Society 
(EMBC). IEEE, 5131–5134. 

[4] Judith Amores and Pattie Maes. 2017. Essence: Olfactory interfaces for uncon-
scious infuence of mood and cognitive performance. In Proceedings of the 2017 
CHI conference on human factors in computing systems. 28–34. 

[5] Shannon Barker, Pamela Grayhem, Jerrod Koon, Jessica Perkins, Allison Whalen, 
and Bryan Raudenbush. 2003. Improved performance on clerical tasks associated 
with administration of peppermint odor. Perceptual and motor skills 97, 3 (2003), 
1007–1010. 

[6] BerryWhimsy. 2021. How to Scent Polymer Clay: Learn the Basics, Tips. https: 
//www.youtube.com/watch?v=zoBpe8YOdvQ 

[7] Julia Biro. 2021. fruit ninja - OpengProcessing. https://openprocessing.org/ 
sketch/188428/. Accessed September 2, 2021. 

[8] Virginia Braun and Victoria Clarke. 2012. Thematic analysis. (2012). 
[9] Stephen Brewster, David McGookin, and Christopher Miller. 2006. Olfoto: 

designing a smell-based interaction. In Proceedings of the SIGCHI conference on 
Human Factors in computing systems. ACM, 653–662. 

[10] Lorena Chanes and Lisa Feldman Barrett. 2016. Redefning the role of limbic 
areas in cortical processing. Trends in cognitive sciences 20, 2 (2016), 96–106. 

[11] Dimitra Chasanidou, Andrea Alessandro Gasparini, and Eunji Lee. 2015. Design 
Thinking Methods and Tools for Innovation. In Design, User Experience, and Us-
ability: Design Discourse, Aaron Marcus (Ed.). Springer International Publishing, 
Cham, 12–23. 

[12] Yongsoon Choi, Adrian David Cheok, Xavier Roman, Kenichi Sugimoto, Veron-
ica Halupka, et al. 2011. Sound perfume: designing a wearable sound and 
fragrance media for face-to-face interpersonal interaction. In Proceedings of the 
8th International Conference on Advances in Computer Entertainment Technology. 
ACM, 4. 

[13] Aromajoin Corporation. 2020. Welcome to Aromajoin. https://aromajoin.com/ 
[14] Rikke Friis Dam and Teo Yu Siang. 2020. Design thinking: A quick overview. 

(2020). 
[15] Dmitrijs Dmitrenko, Emanuela Maggioni, Giada Brianza, Brittany E Holthausen, 

Bruce N Walker, and Marianna Obrist. 2020. Caroma therapy: pleasant scents 
promote safer driving, better mood, and improved well-being in angry drivers. 
In Proceedings of the 2020 chi conference on human factors in computing systems. 
1–13. 

[16] Dmitrijs Dmitrenko, Emanuela Maggioni, and Marianna Obrist. 2018. I smell 
trouble: using multiple scents to convey driving-relevant information. In Pro-
ceedings of the 20th ACM International Conference on Multimodal Interaction. 
234–238. 

[17] Dmitrijs Dmitrenko, Chi Thanh Vi, and Marianna Obrist. 2016. A comparison of 
scent-delivery devices and their meaningful use for in-car olfactory interaction. 
In Proceedings of the 8th International Conference on Automotive User Interfaces 
and Interactive Vehicular Applications. 23–26. 

[18] David Dobbelstein, Stefen Herrdum, and Enrico Rukzio. 2017. inScent: A wear-
able olfactory display as an amplifcation for mobile notifcations. In Proceedings 
of the 2017 ACM International Symposium on Wearable Computers. ACM, 130– 
137. 

[19] Shreyosi Endow, Hedieh Moradi, Anvay Srivastava, Esau G Noya, and Ce-
sar Torres. 2021. Compressables: A Haptic Prototyping Toolkit for Wearable 
Compression-Based Interfaces. In Designing Interactive Systems Conference 2021 
(Virtual Event, USA) (DIS ’21). Association for Computing Machinery, New York, 
NY, USA, 1101–1114. https://doi.org/10.1145/3461778.3462057 

[20] Frikk H Fossdal, Jens Dyvik, Jakob Anders Nilsson, Jon Nordby, Torbjørn Nord-
vik Helgesen, Rogardt Heldal, and Nadya Peek. 2020. Fabricatable machines: 
A toolkit for building digital fabrication machines. In Proceedings of the Four-
teenth International Conference on Tangible, Embedded, and Embodied Interaction. 
411–422. 

[21] Gheorghita Ghinea and Oluwakemi Ademoye. 2012. The sweet smell of suc-
cess: Enhancing multimedia applications with olfaction. ACM Transactions on 
Multimedia Computing, Communications, and Applications (TOMM) 8, 1 (2012), 
2. 

[22] Gheorghita Ghinea and Oluwakemi A Ademoye. 2011. Olfaction-enhanced 
multimedia: perspectives and challenges. Multimedia Tools and Applications 55, 
3 (2011), 601–626. 

[23] GreatScottLab. 2021. Make Your Own Super Simple Ultrasonic Mist Maker. 
https://www.instructables.com/Make-Your-Own-Super-Simple-Ultrasonic-
Mist-Maker/. Accessed September 2, 2021. 

[24] Foad Hamidi, Sanjay Kumar, Mikhail Dorfman, Fayokemi Ojo, Megha Kottapalli, 
and Amy Hurst. 2019. SenseBox: A DIY prototyping platform to create audio 

https://www.youtube.com/watch?v=zoBpe8YOdvQ
https://www.youtube.com/watch?v=zoBpe8YOdvQ
https://openprocessing.org/sketch/188428/
https://openprocessing.org/sketch/188428/
https://aromajoin.com/
https://doi.org/10.1145/3461778.3462057
https://www.instructables.com/Make-Your-Own-Super-Simple-Ultrasonic-Mist-Maker/
https://www.instructables.com/Make-Your-Own-Super-Simple-Ultrasonic-Mist-Maker/


CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA Lei and Lu et al. 

interfaces for therapy. In Proceedings of the Thirteenth International Conference 
on Tangible, Embedded, and Embodied Interaction. 25–34. 

[25] Peter Hamilton and Daniel J. Wigdor. 2014. Conductor: Enabling and Un-
derstanding Cross-Device Interaction. In Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI 
’14). Association for Computing Machinery, New York, NY, USA, 2773–2782. 
https://doi.org/10.1145/2556288.2557170 

[26] John Hardy and Jason Alexander. 2012. Toolkit Support for Interactive Projected 
Displays. In Proceedings of the 11th International Conference on Mobile and 
Ubiquitous Multimedia (Ulm, Germany) (MUM ’12). Association for Computing 
Machinery, New York, NY, USA, Article 42, 10 pages. https://doi.org/10.1145/ 
2406367.2406419 

[27] Daniel Harley, Alexander Verni, Mackenzie Willis, Ashley Ng, Lucas Bozzo, and 
Ali Mazalek. 2018. Sensory vr: Smelling, touching, and eating virtual reality. In 
Proceedings of the Twelfth International Conference on Tangible, Embedded, and 
Embodied Interaction. ACM, 386–397. 

[28] Keisuke Hasegawa, Liwei Qiu, and Hiroyuki Shinoda. 2017. Interactive midair 
odor control via ultrasound-driven air fow. In SIGGRAPH Asia 2017 Emerging 
Technologies. ACM, 8. 

[29] Morton L Heilig. 1962. Sensorama simulator. US Patent 3,050,870. 
[30] Nicolas S. Herrera and Ryan P. McMahan. 2014. Development of a Simple and 

Low-Cost Olfactory Display for Immersive Media Experiences. In Proceedings of 
the 2nd ACM International Workshop on Immersive Media Experiences (Orlando, 
Florida, USA). Association for Computing Machinery, New York, NY, USA, 1–6. 
https://doi.org/10.1145/2660579.2660584 

[31] Cristy Ho and Charles Spence. 2005. Olfactory facilitation of dual-task perfor-
mance. Neuroscience letters 389, 1 (2005), 35–40. 

[32] Rob W Holland, Merel Hendriks, and Henk Aarts. 2005. Smells like clean spirit: 
Nonconscious efects of scent on cognition and behavior. Psychological science 
16, 9 (2005), 689–693. 

[33] Steven Houben and Nicolai Marquardt. 2015. Watchconnect: A toolkit for 
prototyping smartwatch-centric cross-device applications. In Proceedings of the 
33rd annual ACM conference on human factors in computing systems. 1247–1256. 

[34] Michael J Howell, Nicolas S Herrera, Alec G Moore, and Ryan P McMahan. 2016. 
A reproducible olfactory display for exploring olfaction in immersive media 
experiences. Multimedia Tools and Applications 75, 20 (2016), 12311–12330. 

[35] Thomas Hummel, Karo Rissom, Jens Reden, Aantje Hähner, Mark Weidenbecher, 
and Karl-Bernd Hüttenbrink. 2009. Efects of olfactory training in patients with 
olfactory loss. The Laryngoscope 119, 3 (2009), 496–499. 

[36] Josef Ilmberger, Eva Heuberger, Claudia Mahrhofer, Heidrun Dessovic, Dietlinde 
Kowarik, and Gerhard Buchbauer. 2001. The infuence of essential oils on human 
attention. I: Alertness. Chemical Senses 26, 3 (2001), 239–245. 

[37] Google Inc. 2021. Blockly. https://developers.google.com/blockly 
[38] Google Inc. 2021. Google Cardboard. https://arvr.google.com/cardboard/ 
[39] Vapor Communications Inc. 2020. oPhone DUO, Scent-Based Mobile Messaging. 

https://www.indiegogo.com/projects/ophone-duo#/ 
[40] Vapor Communications Inc. 2020. Vapor Communications Launches 

Cyrano, a Digital Scent Speaker and Mood Modifcation Platform. 
https://www.prnewswire.com/news-releases/frst-ever-scent-based-mobile-
messaging-platform-osnap-launches-263482921.html 

[41] YwRobot Inc. 2021. Arduino Module Kit-YwRobot. https://item.taobao. 
com/item.htm?spm=a1z10.5-c-s.w4002-21241174599.10.31a21783j4Zuxl&id= 
561068368875. Accessed September 2, 2021. 

[42] Shiori Itou, Masaaki Iseki, Shingo Kato, and Takamichi Nakamoto. 2018. Olfac-
tory and visual presentation using olfactory display using SAW atomizer and 
solenoid valves. In Proceedings of the 23rd International Conference on Intelligent 
User Interfaces Companion. 1–2. 

[43] Harshika Jain, Kexin Lu, and Lining Yao. 2021. Hydrogel-based DIY Underwater 
Morphing Artifacts: A morphing and fabrication technique to democratize the 
creation of controllable morphing 3D underwater structures with low-cost, 
easily available hydrogel beads adhered to a substrate.. In Designing Interactive 
Systems Conference 2021. 1242–1252. 

[44] Lee Jones, Sara Nabil, Amanda McLeod, and Audrey Girouard. 2020. Wearable 
Bits: scafolding creativity with a prototyping toolkit for wearable e-textiles. In 
Proceedings of the Fourteenth International Conference on Tangible, Embedded, 
and Embodied Interaction. 165–177. 

[45] Joseph Jofsh Kaye. 2004. Making Scents: aromatic output for HCI. interactions 
11, 1 (2004), 48–61. 

[46] Joseph Nathaniel Kaye. 2001. Symbolic olfactory display. Ph.D. Dissertation. 
Massachusetts Institute of Technology. 

[47] Majeed Kazemitabaar, Jason McPeak, Alexander Jiao, Liang He, Thomas Outing, 
and Jon E Froehlich. 2017. Makerwear: A tangible approach to interactive 
wearable creation for children. In Proceedings of the 2017 chi conference on 
human factors in computing systems. 133–145. 

[48] Hyunyoung Kim, Aluna Everitt, Carlos Tejada, Mengyu Zhong, and Daniel 
Ashbrook. 2021. MorpheesPlug: A Toolkit for Prototyping Shape-Changing 
Interfaces. In Proceedings of the 2021 CHI Conference on Human Factors in Com-
puting Systems. 1–13. 

[49] Philip Kortum. 2008. HCI beyond the GUI: Design for haptic, speech, olfactory, 
and other nontraditional interfaces. Elsevier. 

[50] David Ledo, Steven Houben, Jo Vermeulen, Nicolai Marquardt, Lora Oehlberg, 
and Saul Greenberg. 2018. Evaluation Strategies for HCI Toolkit Research. 
Association for Computing Machinery, New York, NY, USA, 1–17. https: 
//doi.org/10.1145/3173574.3173610 

[51] David Ledo, Miguel A. Nacenta, Nicolai Marquardt, Sebastian Boring, and Saul 
Greenberg. 2012. The HapticTouch Toolkit: Enabling Exploration of Hap-
tic Interactions. In Proceedings of the Sixth International Conference on Tan-
gible, Embedded and Embodied Interaction (Kingston, Ontario, Canada) (TEI 
’12). Association for Computing Machinery, New York, NY, USA, 115–122. 
https://doi.org/10.1145/2148131.2148157 

[52] Zilan Lin, Kai Kunze, Atsuro Ueki, and Masa Inakage. 2020. AromaCue-A Scent 
Toolkit To Cope with Stress using the 4-7-8 Breathing Method. In Proceedings of 
the Fourteenth International Conference on Tangible, Embedded, and Embodied 
Interaction. 265–272. 

[53] Lijuan Liu, Junwu Wang, Hebo Gong, Jiahao Guo, Pinhao Wang, Zhangzhi 
Wang, Lanqing Huang, and Cheng Yao. 2020. ModBot: A Tangible and Modular 
Making Toolkit for Children to Create Underwater Robots. In Extended Abstracts 
of the 2020 CHI Conference on Human Factors in Computing Systems (Honolulu, 
HI, USA) (CHI EA ’20). Association for Computing Machinery, New York, NY, 
USA, 1–8. https://doi.org/10.1145/3334480.3382907 

[54] Tomosuke Maeda and Tetsuo Kurahashi. 2019. Haptiple: A Wearable, Modular 
and Multiple Haptic Feedback System for Embodied Interaction. In SIGGRAPH 
Asia 2019 Emerging Technologies (Brisbane, QLD, Australia) (SA ’19). Association 
for Computing Machinery, New York, NY, USA, 19–20. https://doi.org/10.1145/ 
3355049.3360519 

[55] Emanuela Maggioni, Robert Cobden, Dmitrijs Dmitrenko, Kasper Hornbæk, 
and Marianna Obrist. 2020. SMELL SPACE: mapping out the olfactory design 
space for novel interactions. ACM Transactions on Computer-Human Interaction 
(TOCHI) 27, 5 (2020), 1–26. 

[56] Emanuela Maggioni, Robert Cobden, Dmitrijs Dmitrenko, and Marianna Obrist. 
2018. Smell-O-Message: integration of olfactory notifcations into a messag-
ing application to improve users’ performance. In Proceedings of the 2018 on 
International Conference on Multimodal Interaction. ACM, 45–54. 

[57] Emanuela Maggioni, Robert Cobden, and Marianna Obrist. 2019. OWidgets: 
A toolkit to enable smell-based experience design. International Journal of 
Human-Computer Studies 130 (2019), 248–260. 

[58] John Maloney, Mitchel Resnick, Natalie Rusk, Brian Silverman, and Evelyn 
Eastmond. 2010. The Scratch Programming Language and Environment. ACM 
Trans. Comput. Educ. 10, 4, Article 16 (nov 2010), 15 pages. https://doi.org/10. 
1145/1868358.1868363 

[59] Haruka Matsukura, Tatsuhiro Yoneda, and Hiroshi Ishida. 2013. Smelling screen: 
development and evaluation of an olfactory display system for presenting a 
virtual odor source. IEEE transactions on visualization and computer graphics 19, 
4 (2013), 606–615. 

[60] David McGookin and Dariela Escobar. 2016. Hajukone: Developing an open 
source olfactory device. In Proceedings of the 2016 CHI Conference Extended 
Abstracts on Human Factors in Computing Systems. 1721–1728. 

[61] Argyro Moraiti, Vero Vanden Abeele, Erwin Vanroye, and Luc Geurts. 2015. 
Empowering occupational therapists with a DIY-toolkit for smart soft objects. 
In Proceedings of the ninth international conference on tangible, embedded, and 
embodied interaction. 387–394. 

[62] Niall Murray, Oluwakemi A Ademoye, Gheorghita Ghinea, and Gabriel-Miro 
Muntean. 2017. A tutorial for olfaction-based multisensorial media application 
design and evaluation. ACM Computing Surveys (CSUR) 50, 5 (2017), 1–30. 

[63] Niall Murray, Brian Lee, Yuansong Qiao, and Gabriel-Miro Muntean. 2016. 
Olfaction-enhanced multimedia: A survey of application domains, displays, and 
research challenges. ACM Computing Surveys (CSUR) 48, 4 (2016), 56. 

[64] Steven Nagels, Raf Ramakers, Kris Luyten, and Wim Deferme. 2018. Silicone 
devices: A scalable DIY approach for fabricating self-contained multi-layered 
soft circuits using microfuidics. In Proceedings of the 2018 CHI Conference on 
Human Factors in Computing Systems. 1–13. 

[65] Ken Nakagaki, Artem Dementyev, Sean Follmer, Joseph A. Paradiso, and Hiroshi 
Ishii. 2016. ChainFORM: A Linear Integrated Modular Hardware System for 
Shape Changing Interfaces. In Proceedings of the 29th Annual Symposium on 
User Interface Software and Technology (Tokyo, Japan) (UIST ’16). Association 
for Computing Machinery, New York, NY, USA, 87–96. https://doi.org/10.1145/ 
2984511.2984587 

[66] Ken Nakagaki, Sean Follmer, and Hiroshi Ishii. 2015. LineFORM: Actuated Curve 
Interfaces for Display, Interaction, and Constraint. In Proceedings of the 28th 
Annual ACM Symposium on User Interface Software and Technology (Charlotte, 
NC, USA) (UIST ’15). Association for Computing Machinery, New York, NY, 
USA, 333–339. https://doi.org/10.1145/2807442.2807452 

[67] Takamichi Nakamoto, Shigeki Otaguro, Masashi Kinoshita, Masahiko Naga-
hama, Keita Ohinishi, and Taro Ishida. 2008. Cooking up an interactive olfactory 
game display. IEEE Computer Graphics and Applications 28, 01 (2008), 75–78. 

https://doi.org/10.1145/2556288.2557170
https://doi.org/10.1145/2406367.2406419
https://doi.org/10.1145/2406367.2406419
https://doi.org/10.1145/2660579.2660584
https://developers.google.com/blockly
https://arvr.google.com/cardboard/
https://www.indiegogo.com/projects/ophone-duo#/
https://www.prnewswire.com/news-releases/first-ever-scent-based-mobile-messaging-platform-osnap-launches-263482921.html
https://www.prnewswire.com/news-releases/first-ever-scent-based-mobile-messaging-platform-osnap-launches-263482921.html
https://item.taobao.com/item.htm?spm=a1z10.5-c-s.w4002-21241174599.10.31a21783j4Zuxl&id=561068368875
https://item.taobao.com/item.htm?spm=a1z10.5-c-s.w4002-21241174599.10.31a21783j4Zuxl&id=561068368875
https://item.taobao.com/item.htm?spm=a1z10.5-c-s.w4002-21241174599.10.31a21783j4Zuxl&id=561068368875
https://doi.org/10.1145/3173574.3173610
https://doi.org/10.1145/3173574.3173610
https://doi.org/10.1145/2148131.2148157
https://doi.org/10.1145/3334480.3382907
https://doi.org/10.1145/3355049.3360519
https://doi.org/10.1145/3355049.3360519
https://doi.org/10.1145/1868358.1868363
https://doi.org/10.1145/1868358.1868363
https://doi.org/10.1145/2984511.2984587
https://doi.org/10.1145/2984511.2984587
https://doi.org/10.1145/2807442.2807452


O&O: A DIY toolkit for designing and rapid prototyping olfactory interfaces 

[68] Takuji Narumi, Shinya Nishizaka, Takashi Kajinami, Tomohiro Tanikawa, and 
Michitaka Hirose. 2011. Augmented reality favors: gustatory display based 
on edible marker and cross-modal interaction. In Proceedings of the SIGCHI 
conference on human factors in computing systems. ACM, 93–102. 

[69] Marianna Obrist, Alexandre N Tuch, and Kasper Hornbaek. 2014. Opportunities 
for odor: experiences with smell and implications for technology. In Proceedings 
of the SIGCHI Conference on Human Factors in Computing Systems. ACM, 2843– 
2852. 

[70] 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. 

[71] Nadya Peek, James Coleman, Ilan Moyer, and Neil Gershenfeld. 2017. Cardboard 
machine kit: Modules for the rapid prototyping of rapid prototyping machines. 
In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems. 
3657–3668. 

[72] Roshan Lalintha Peiris and Suranga Nanayakkara. 2014. PaperPixels: a toolkit 
to create paper-based displays. In Proceedings of the 26th Australian Computer-
Human Interaction Conference on Designing Futures: the Future of Design. 498– 
504. 

[73] Max Pfeifer, Tim Duente, and Michael Rohs. 2016. Let Your Body Move: 
A Prototyping Toolkit for Wearable Force Feedback with Electrical Muscle 
Stimulation. In Proceedings of the 18th International Conference on Human-
Computer Interaction with Mobile Devices and Services (Florence, Italy) (Mobile-
HCI ’16). Association for Computing Machinery, New York, NY, USA, 418–427. 
https://doi.org/10.1145/2935334.2935348 

[74] Hasso Plattner. 2013. An introduction to design thinking. Iinstitute of Design at 
Stanford (2013), 1–15. 

[75] Hasso Plattner, Christoph Meinel, and Ulrich Weinberg. 2009. Design-thinking. 
Springer. 184–188 pages. 

[76] Ingrid Maria Pohl and Lian Loke. 2014. Touch Toolkit: A Method to Convey 
Touch-Based Design Knowledge and Skills. In Proceedings of the 8th International 
Conference on Tangible, Embedded and Embodied Interaction (Munich, Germany) 
(TEI ’14). Association for Computing Machinery, New York, NY, USA, 251–258. 
https://doi.org/10.1145/2540930.2540957 

[77] Hayes Solos Rafe, Amanda J. Parkes, and Hiroshi Ishii. 2004. Topobo: A 
Constructive Assembly System with Kinetic Memory. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (Vienna, Austria) 
(CHI ’04). Association for Computing Machinery, New York, NY, USA, 647–654. 
https://doi.org/10.1145/985692.985774 

[78] Nimesha Ranasinghe, Pravar Jain, Nguyen Thi Ngoc Tram, Koon Chuan Ray-
mond Koh, David Tolley, Shienny Karwita, Lin Lien-Ya, Yan Liangkun, Kala 
Shamaiah, Chow Eason Wai Tung, et al. 2018. Season traveller: Multisensory 
narration for enhancing the virtual reality experience. In Proceedings of the 2018 
CHI Conference on Human Factors in Computing Systems. ACM, 577. 

[79] Mitchel Resnick, John Maloney, Andrés Monroy-Hernández, Natalie Rusk, Eve-
lyn Eastmond, Karen Brennan, Amon Millner, Eric Rosenbaum, Jay Silver, Brian 
Silverman, et al. 2009. Scratch: programming for all. Commun. ACM 52, 11 
(2009), 60–67. 

[80] Carlos Sainz Martinez and Faustina Hwang. 2015. TESSA: Toolkit for Exper-
imentation with Multimodal Sensory Substitution and Augmentation. In Pro-
ceedings of the 33rd Annual ACM Conference Extended Abstracts on Human 
Factors in Computing Systems (Seoul, Republic of Korea) (CHI EA ’15). As-
sociation for Computing Machinery, New York, NY, USA, 259–262. https: 
//doi.org/10.1145/2702613.2725451 

[81] Carlos Sainz Martinez and Faustina Hwang. 2015. TESSA: Toolkit for Experimen-
tation with Multimodal Sensory Substitution and Augmentation. In Proceedings 
of the 33rd Annual ACM Conference Extended Abstracts on Human Factors in 
Computing Systems. 259–262. 

[82] Estêvão B Saleme, Alexandra Covaci, Gebremariam Mesfn, Celso AS Santos, 
and Gheorghita Ghinea. 2019. Mulsemedia DIY: A survey of devices and a 
tutorial for building your own mulsemedia environment. ACM Computing 
Surveys (CSUR) 52, 3 (2019), 1–29. 

[83] Harpreet Sareen, Udayan Umapathi, Patrick Shin, Yasuaki Kakehi, Jifei Ou, 
Hiroshi Ishii, and Pattie Maes. 2017. Printfatables: Printing Human-Scale, 
Functional and Dynamic Infatable Objects. In Proceedings of the 2017 CHI Con-
ference on Human Factors in Computing Systems (Denver, Colorado, USA) (CHI 
’17). Association for Computing Machinery, New York, NY, USA, 3669–3680. 
https://doi.org/10.1145/3025453.3025898 

[84] Stefanie Schaack, George Chernyshov, Kirill Ragozin, Benjamin Tag, Roshan 
Peiris, and Kai Kunze. 2019. Haptic Collar: Vibrotactile Feedback around 
the Neck for Guidance Applications. In Proceedings of the 10th Augmented 
Human International Conference 2019 (Reims, France) (AH2019). Association 

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA 

for Computing Machinery, New York, NY, USA, Article 12, 4 pages. https: 
//doi.org/10.1145/3311823.3311840 

[85] Eric Schweikardt and Mark D. Gross. 2006. RoBlocks: A Robotic Construc-
tion Kit for Mathematics and Science Education. In Proceedings of the 8th 
International Conference on Multimodal Interfaces (Banf, Alberta, Canada) 
(ICMI ’06). Association for Computing Machinery, New York, NY, USA, 72–75. 
https://doi.org/10.1145/1180995.1181010 

[86] Sue Ann Seah, Diego Martinez Plasencia, Peter D Bennett, Abhijit Karnik, 
Vlad Stefan Otrocol, Jarrod Knibbe, Andy Cockburn, and Sriram Subramanian. 
2014. SensaBubble: a chrono-sensory mid-air display of sight and smell. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. 
2863–2872. 

[87] Beomjoo Seo, Min Min Htoon, Roger Zimmermann, and Chung-Dau Wang. 
2010. Spatializer: A Web-Based Positional Audio Toolkit. In Proceedings of the 
7th International Conference on Advances in Computer Entertainment Technology 
(Taipei, Taiwan) (ACE ’10). Association for Computing Machinery, New York, 
NY, USA, 57–61. https://doi.org/10.1145/1971630.1971647 

[88] Teddy Seyed, Alaa Azazi, Edwin Chan, Yuxi Wang, and Frank Maurer. 2015. 
SoD-Toolkit: A Toolkit for Interactively Prototyping and Developing Multi-
Sensor, Multi-Device Environments. In Proceedings of the 2015 International 
Conference on Interactive Tabletops and Surfaces (Madeira, Portugal) (ITS ’15). 
Association for Computing Machinery, New York, NY, USA, 171–180. https: 
//doi.org/10.1145/2817721.2817750 

[89] Teddy Seyed, Alaa Azazi, Edwin Chan, Yuxi Wang, and Frank Maurer. 2015. 
Sod-toolkit: A toolkit for interactively prototyping and developing multi-sensor, 
multi-device environments. In Proceedings of the 2015 International Conference 
on Interactive Tabletops and Surfaces. 171–180. 

[90] Larry Shiner. [n.d.]. Art Scents: Exploring the Aesthetics of Smell and the 
Olfactory Arts. https://oxford.universitypressscholarship.com/view/10.1093/ 
oso/9780190089818.001.0001/oso-9780190089818 

[91] Regina M Sullivan, Donald A Wilson, Nadine Ravel, and Anne-Marie Mouly. 
2015. Olfactory memory networks: from emotional learning to social behaviors. 
Frontiers in behavioral neuroscience 9 (2015), 36. 

[92] Ana Villanueva, Hritik Kotak, Ziyi Liu, Rutvik Mehta, Kaiwen Li, Zhengzhe 
Zhu, Yeliana Torres, and Karthik Ramani. 2020. ARbits: Towards a DIY, AR-
compatible electrical circuitry toolkit for children. In Proceedings of the 2020 
ACM Interaction Design and Children Conference: Extended Abstracts. 205–210. 

[93] Yanan Wang, Judith Amores, and Pattie Maes. 2020. On-Face Olfactory Interfaces. 
In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems
(Honolulu, HI, USA) (CHI ’20). Association for Computing Machinery, New York, 
NY, USA, 1–9. https://doi.org/10.1145/3313831.3376737 

[94] Yanan Wang, Judith Amores, and Pattie Maes. 2020. On-face olfactory interfaces. 
In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems. 
1–9. 

[95] Emil Woop, Esther Friederike Zahn, Rahel Flechtner, and Gesche Joost. 2020. 
Demonstrating a Modular Construction Toolkit for Interactive Textile Applications. 
Association for Computing Machinery, New York, NY, USA. https://doi.org/10. 
1145/3419249.3420075 

[96] Wei Xiang, Shi Chen, Lingyun Sun, Shiwei Cheng, and V Michael Bove Jr. 2016. 
Odor emoticon: an olfactory application that conveys emotions. International 
Journal of Human-Computer Studies 91 (2016), 52–61. 

[97] Yasuyuki Yanagida. 2012. A survey of olfactory displays: Making and delivering 
scents. In SENSORS, 2012 IEEE. IEEE, 1–4. 

[98] Yasuyuki Yanagida, Shinjiro Kawato, Haruo Noma, Akira Tomono, and N Tesu-
tani. 2004. Projection based olfactory display with nose tracking. In IEEE Virtual 
Reality 2004. IEEE, 43–50. 

[99] Jishuo Yang and Daniel Wigdor. 2014. Panelrama: Enabling Easy Specifcation 
of Cross-Device Web Applications. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14). 
Association for Computing Machinery, New York, NY, USA, 2783–2792. https: 
//doi.org/10.1145/2556288.2557199 

[100] Xuefei Yang and Stefania Druga. 2019. Legoons: Infatable Construction Kit for 
Children. In Extended Abstracts of the Annual Symposium on Computer-Human 
Interaction in Play Companion Extended Abstracts (Barcelona, Spain) (CHI PLAY 
’19 Extended Abstracts). Association for Computing Machinery, New York, NY, 
USA, 139–146. https://doi.org/10.1145/3341215.3356980 

[101] Sang Ho Yoon, Ansh Verma, Kylie Peppler, and Karthik Ramani. 2015. Handi-
Mate: exploring a modular robotics kit for animating crafted toys. In Proceedings 
of the 14th International Conference on Interaction Design and Children. 11–20. 

[102] Yuhang Zhao, Edward Cutrell, Christian Holz, Meredith Ringel Morris, Eyal 
Ofek, and Andrew D Wilson. 2019. Seeingvr: A set of tools to make virtual 
reality more accessible to people with low vision. In Proceedings of the 2019 CHI 
conference on human factors in computing systems. 1–14. 

https://doi.org/10.1145/2935334.2935348
https://doi.org/10.1145/2540930.2540957
https://doi.org/10.1145/985692.985774
https://doi.org/10.1145/2702613.2725451
https://doi.org/10.1145/2702613.2725451
https://doi.org/10.1145/3025453.3025898
https://doi.org/10.1145/3311823.3311840
https://doi.org/10.1145/3311823.3311840
https://doi.org/10.1145/1180995.1181010
https://doi.org/10.1145/1971630.1971647
https://doi.org/10.1145/2817721.2817750
https://doi.org/10.1145/2817721.2817750
https://oxford.universitypressscholarship.com/view/10.1093/oso/9780190089818.001.0001/oso-9780190089818
https://oxford.universitypressscholarship.com/view/10.1093/oso/9780190089818.001.0001/oso-9780190089818
https://doi.org/10.1145/3313831.3376737
https://doi.org/10.1145/3419249.3420075
https://doi.org/10.1145/3419249.3420075
https://doi.org/10.1145/2556288.2557199
https://doi.org/10.1145/2556288.2557199
https://doi.org/10.1145/3341215.3356980

	Abstract
	1 Introduction
	2 Related Work
	2.1 Olfactory Displays
	2.2 Toolkit Construction
	2.3 Methods for Toolkit Evaluation

	3 Design Principles
	3.1 Accessibility

	4 "O&O" toolkit overview



