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Figure 1: Prototyping buttons with white-faced sakis: (a) B1: doorknob touch button, (b) B2: push button, (c) B3: doorknob push 
button, (d) B4: pull-rope pull button, (e) B5: metal plate touch button, (f) B6: ball pull button, (g) B7: lever push button, (h) B8: 
swinging panel button, (i) B9: upgraded swinging panel button, (j) monkeys testing the ball pull button f. 

ABSTRACT 
Although much work has focused on designing touch interfaces 
for primates, little is known about how physical computer buttons 
for monkeys would look. Here, we employ the rapid prototyping 
method commonly used in human–computer interaction to de-
sign tangible buttons for monkeys allowing them to interact with 
computer enrichment. Our fndings refect on the process of alter-
ing rapid prototyping from humans to animals and how computer 
buttons for monkeys might look. On this basis, we make sugges-
tions for monkey buttons, highlighting colour and pull/swing over 
push/touch interactions. We also refect on lessons learned from 
transferring prototyping across species, such as the need to iter-
ate on a few variables and for initial prototypes to be varied, and 
speculate on how to balance the designer (human) and user (ani-
mals) needs. More broadly, this paper builds upon HCI prototyping 
techniques for unconventional users, creating a method for rapid 
iterative prototyping with animals. 

CCS CONCEPTS 
• Human-centred computing → User interface design.
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1 INTRODUCTION 
Non-human animals (hereafter animals) increasingly have access 
to computer systems. Animals can use computer systems directly 
as users manipulating the technology or as ’usees’, where the tech-
nology is used on them, e.g. via worn monitors and trackers or 
by remote behaviour measurement without their awareness [1]. 
Traditionally, these animal-computing systems have been devel-
oped without considering animals as users, ignoring their needs 
and requirements [20]. This is partly due to the human tendency 
to anthropomorphise animals, which applies to the design of in-
teractive elements, with animals often being expected to interact 
with computers as humans do (for instance, using fngers to press 
on touchscreens). However, animals tend to interact with devices 
in various ways more akin to their ordinary behaviours, such as 
through licking, gripping or leaning [17, 58]. With a call to develop 
computer systems with focus on the interfaces between animals and 
computers, similarly to human-computer interaction (HCI) [35], 
there is need to explore novel ways for animals to interact with 
technologies. 
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To explore these animal-focused systems, animal-centred design 
[20, 35] has become the de facto method for developing novel inter-
action methods for animal interfaces. The animal-centric approach 
focuses on ways of designing with animals, which is thought to 
lead to better-designed products [37]. However, animal-centred 
design is not well defned either in theory or in practice when 
it comes to designing and building new animal interfaces. Given 
that most systems for primates repurpose human interfaces, such 
as touchscreens [26], there is a gap between the ideal of focusing 
on how animals actually interact with the world and the current 
technologies used by animals. 

Tangible interfaces have been proposed as a means of providing 
an intuitive form of interaction for animals that are usually tactile, 
such as primates [48]. While there are some examples of tangible 
interfaces for apes beyond touchscreens (e.g. [14, 48]), very little 
work has focused on monkeys. Furthermore, there has been no in-
vestigation into the use of tangible interfaces for computers beyond 
the objects in the primates’ enclosures (e.g. balls or hay [48, 59]). As 
such, it is unknown how tangible computer buttons for monkeys 
would look or how to design them. 

To bridge the gap between theory and practice in developing 
novel interactive interfaces for animals, researchers frequently bor-
row and modify the models and concepts of HCI (e.g. [7, 13, 24, 
49, 51, 53]). These methods, such as co-design and participatory 
design, aim to involve the user in the design process to shape the 
technologies around how the user behaves. 

Using such methods for primates in zoo contexts is incredibly 
complex because multiple stakeholders are involved [18], including 
zoo visitors, the animals, the keepers, the research directors and 
so on. Regarding design with animals in zoos, researchers have 
employed methods such as participatory design and co-design with 
elephants [10] and orangutans [59]. While primates worldwide 
are the key users of computer systems in zoos, much attention 
has been focused on great apes species [59] and little on monkeys. 
As it currently stands, while there is a clear need for the animal-
centric design of new interfaces to ft animals’ needs, there is neither 
clear direction nor clarity regarding the methods for designing 
with monkeys as users beyond the testing of fnal designs [47]. 
Furthermore, the lack of a shared language between the designer 
and the animal poses difculties in designing for and with animals, 
leading to issues in determining how animals can be involved in the 
design process when developing novel computer-based enrichment. 

In HCI, rapid prototyping is an integral and commonplace design 
method that allows designers to refne the design using small quick 
steps, over many iterations, towards the users’ requirements and 
needs that are updated on the go [16]. To meet the need for new 
interfaces for primates in zoos, iterative design has also been used 
to prototype these devices [14, 47, 59]. However, current prototyp-
ing with primates limits the feedback from the animals, often not 
involving them in multiple iterations or throughout the entire de-
sign process and instead testing a single experimental system (e.g., 
[14, 47, 59]). This contrasts with the practice in prototyping within 
HCI, where continuous feedback from the user to the prototypes is 
integral [16]. As such, rapid prototyping is underutilised and has 
been underexplored with monkeys and animals in general. 

To discover what a tangible interface, which we refer to as a ’but-
ton’, for monkeys could look like, this paper uses the HCI method 

for rapid prototyping with white-faced saki monkeys. Within our 
process, we pay attention to the emerging diferences in proto-
typing between humans and monkeys. In particular, this research 
addresses the following research questions: 

RQ1: What do tangible buttons look like for monkeys? 
RQ2: What can we learn from adapting HCI prototyp-
ing methods to monkeys? 

In prototyping tangible buttons with sakis, we provide insights 
into the monkeys’ preferences regarding interaction methods and 
button features. We found tensions in prototyping with monkeys 
in terms of leveraging the monkeys’ prior experiences and between 
individual, group and species needs. Furthermore, our study high-
lights the challenge of supporting discovery and functional pro-
totypes for animals. Refecting on the transfer of HCI methods to 
animal–computer interaction (ACI), we unpack the meaning of 
‘low-fdelity’ when prototyping with animals, question how we 
share power with humans as proxies for animals and highlight the 
importance of prototyping a wide breadth of designs to unravel the 
human bias. 

Contribution Statement. This study is the frst to look at devel-
oping a tangible computer interface for monkeys that questions 
what buttons for primates might look like. No prior research has 
been undertaken applying standard rapid HCI prototyping to mon-
keys and refecting on the process of transferring prototyping from 
HCI to ACI. As such, this work provides a framework for future 
research into monkey–computer interaction and the development 
of interfaces for animals using rapid prototyping. To the beneft 
of HCI, designing interfaces for other species can also expand our 
human methods to make them more inclusive and creative as a 
result of our better understanding of how to design for non-verbal 
users and users with minds and bodies very diferent from our own. 
Practicing this shift in perspective and attempting to assess the 
monkeys’ experience shares similar challenges with previous more-
than-human design pursuits [6, 39, 42]. We build on this foundation 
by questioning the design steps taken in prototyping to highlight 
commonly made assumptions, uniting islands of knowledge and 
strengthening ACI and HCI alike. 

2 RELATED WORK 
A variety of approaches to animal-centred design have been pro-
posed [7, 13, 24, 49, 51, 53]. However, these lack agreement and 
consistency and mostly involve applying HCI models directly to 
animal–computer contexts. For example, researchers have used 
user personas [7, 24] to centre design concepts before constructing 
technology, and diferent aspects of user experience have been used 
to centre animal feedback on designs [13, 51, 53]. Bridging these 
approaches, most researchers propose the defnition that animal-
centred design, as a body of theory, should focus on designing 
computer systems around the animal user by allowing the animal 
to maintain its natural behaviour [21, 36]. In line with this, many 
studies advocate for the importance of ofering animals a form of 
consent, allowing the animal user to freely engage or disengage with 
any process or interaction with a device [5, 11, 17, 23, 32, 38, 43, 47]. 
This notion of consent in animal computing allows animals to pro-
vide feedback on the user experience via the agency that choice 
gives them. 
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For animals to use computer devices of their own volition, the 
user interface design must be such that they are capable of manip-
ulating it and instinctively seek to interact with it without training 
[21, 61]. However, designing afordances for animal users that we 
cannot wholly understand and empathise with is a difcult pro-
cess. In HCI, designers can take advantage of existing forms and 
their specifc afordances that humans are familiar with, directly 
or through association, to design intuitive tangible interactions 
[45]. With animals, however, we are typically unable to take for 
granted either the form or the function. In computer enrichment 
for animals, a large part of this process is still missing, and we have 
yet to discover the ideal interface form for computer interaction. As 
such, a large part of ACI is dedicated to methods and theories that 
support animal feedback in the design process, aiming to nudge 
the design in the right direction. 

In HCI, involving users in an iterative design process has been 
found to be essential to forming an understanding between stake-
holders [40]. Similarly, it has been proposed that including animal 
users in design activities allows them to infuence and shape the 
design process [47]. A number of studies have explored the involve-
ment of animals in design activities [10, 22, 37, 59, 60]. Such shared 
design practices allow researchers to learn about animals’ needs 
and requirements. In particular, prototyping has been proposed as 
a method that can help designers explore the afordances of tangi-
bles through iterative testing with animals [47, 59], allowing the 
designers to discover and test features to validate their efcacy. 

2.1 Prototyping with Animals 
Prototyping is an early-stage design activity in which a sample 
version of a product is built to test a concept or process with a user. 
It is knitted into the design process of all services, products and 
systems for humans [4]. A cyclic process of prototyping, testing, 
analysing and refning a product or process is typically undertaken 
as part of an iterative design process. 

Prototyping for animals inevitably difers from prototyping for 
humans due to diferences in verbal feedback, sample sizes and the 
ability to involve the user in the stages of the process. Arguably, pro-
totyping has yet to be integrated into the design process for animals 
using computers. When implementing an iterative design process 
with animals, the design is continually reshaped, and aspects of 
the prototype are refned based on what the experts looking after 
the animal, or interpreting its behaviour, can infer from its experi-
ence and feedback. Prototyping has also been proposed as a means 
of centring the design process on animals at an early stage [47]. 
However, while some studies have involved animals in prototyping 
[12, 14, 29, 47, 52, 59, 60], the methods employed vary, and no clear 
guidelines or best practices follow. Furthermore, the key challenges 
remain as to how to enable animals to give direct feedback on the 
user experience of the proposed designs and determining what can 
be learned from transferring HCI prototyping to animals. 

The implementation of most iterative designs when building 
computers for animals often involves ofering animals diferent op-
tions and changing and redefning the design based on the choices 
made. These options include how to interact, which interface to use 
and when/if to engage or disengage. It has been proposed that pro-
viding these options gives power to animals in the design process 

by eliciting their instinctive responses to a computer interface [37]. 
The afordances of computer interfaces for animals have been stud-
ied through iterative design and informed by observation of how 
animals instinctively interact with interfaces [12, 14, 29, 47, 52, 59]. 
However, only two studies among the examples cited allowed the 
animals to discover the interactivity for themselves and thereby 
infuence the fnal design [12, 47]. In most studies, the animals’ 
interactions with the prototypes were externally initiated, i.e., the 
animals were prompted in some way, such as by training [52], food 
rewards [12, 14, 60] or via gestures [12]. Furthermore, only one 
study [47] explicitly compared animals’ responses to two distinct 
prototypes. Thus, while it is proposed that, to obtain direct input 
from animals, they should be given more autonomy and control in 
the design process through the facilitation of choice, little is known 
about how to elicit an animal’s perspective in an unbiased fashion 
as part of prototyping in an iterative design process. 

In HCI, rapid prototyping is a widely used prototyping style. In 
this style of prototyping, the construction of prototypes is accel-
erated to obtain the users’ feedback on design concepts as early 
and quickly as possible, and this is repeated over many versions of 
the design. Quickly testing many versions of the concept allows 
for fne-tuning to the needs of the user [16]. Many examples of 
prototyping in animal computing have tested only one iteration 
before implementing the fnal device [29, 47] or have bypassed the 
iterative design process entirely and tested only the fnal prototype 
[14, 59]. Furthermore, when researchers in ACI do undertake more 
than one iteration, large changes are often implemented prior to 
any user testing, such as pivoting between prototype designs [12] 
or altering core features [52]. As a result, the efects of each change 
remain largely unclear with regard to what aspects and features 
improve usability and ft with the animals’ requirements. 

Unlike the feld of HCI, no studies in ACI have yet gathered quan-
titative data to measure the success of prototypes (e.g., interaction 
times or the number of interactions) and enable more refective 
results. In all examples of prototyping with animals for iterative 
design to date, the feedback gathered relies solely on qualitative 
data collected from direct observations and video recordings of 
interactions between the animals and prototypes (and humans if 
involved) [12, 14, 29, 47, 52, 59, 60]. It may be argued then, as Law-
son et al. [31] suggest, that there is wide scope for human bias and 
misinterpretation when humans judge an animal’s experience. This 
results in a gap that could be flled by undertaking a mixed-methods 
approach in combination with rapid prototyping to help tap into 
and form a holistic view of the animals’ experiences informed by 
the animals themselves. 

2.2 Interfaces for Monkeys 
Most computer-enabled systems for enrichment have been used 
with great apes and involve tasks on screens [8, 30]. The interfaces 
have typically taken the form of touchscreens [2, 15, 44, 50, 54] or 
joysticks [34] but have also involved balls [48], brain-teaser puz-
zles [14] and projected screens [5]. Very little primate-computing 
work has focused on monkeys. Monkeys have thus far used touch-
sensitive buttons to control lighting [3] and proximity sensors to 
trigger digital stimuli [17, 43, 47]. 
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In designing intuitive user interfaces for orangutans, Wirman 
and Jørgensen [61] highlight the importance of physical and tangi-
ble interactions, even with digital interfaces. Building on this, Pons 
et al. [48] propose that tangibility can provide an intuitive form of 
interaction for any animal that has object manipulation ability or 
that prefers to use objects to interact with its environment. Building 
on this, Pons et al. [48] developed a system for orangutans that 
recognised when a ball was moved inside their enclosure and played 
sounds with diferent frequencies depending on the ball’s location. 
However, this system was not used by the orangutans, meaning 
the results were inconclusive. On the same topic, Webber et al. [59] 
found that orangutans used hay from their enclosures to interact 
with a projected screen. These studies provide further evidence that 
tangible interfaces support the instinctive behaviour of primates 
using computers. These views are also aligned with the literature 
on HCI, where it has been argued that tangible interactions are 
intuitive because they leverage users’ prior knowledge from the 
real world [27]. However, none of the aforementioned studies have 
investigated the use of tangible interfaces beyond objects (such as 
balls or hay) in the primates’ enclosures. 

It is clear from previous work that, while factors related to using 
screen devices with primates are well understood, there is a gap in 
understanding what tangible interfaces for controlling computer 
enrichment might look like beyond screens (RQ1). To create new 
interfaces, there is also a need to look at how prototyping methods 
need to transform when taken from humans to animals, in this case, 
primates (RQ2). Doing so will help shed light on how to transfer 
HCI methods to ACI and how monkey buttons might be designed. 

3 PARTICIPANTS 
This study was ethically approved by Korkeasaari Zoo and caused 
no pain or discomfort to the animals, following the European Act 
on the Protection of Animals Used for Scientifc or Educational 
Purposes. For this study, a group of white-faced sakis were selected 
as participants due to their availability at the collaborating zoo, 
their stable hierarchy and the fact that no changes in their housing 
were planned, allowing for stable study conditions. The monkey 
participants were three white-faced sakis (Pithecia pithecia), includ-
ing one female (Bea, 11 years old) and two males (Hubert and Igor, 
5 and 4 years old, respectively). The white-faced sakis lived in Ko-
rkeasaari Zoo, where they were also born. This group was typical 
of troops outside of captivity, which are often small, averaging 
two to three individuals. Saki monkeys are typically shy and move 
fast and silently through the dense rainforest, preferring to spend 
time in trees, often leaping among them. For these reasons, sakis 
are among the least-studied primates [57]. Although they do not 
use tools to manipulate their environment, they are generally very 
tactile and tend to explore new objects by biting and using their 
hands. 

4 METHOD 
In this paper, we designed tangible buttons using rapid prototyping 
with white-faced saki monkeys to investigate what tangible buttons 
for monkeys might look like (RQ1) and what we can learn from 
adapting HCI prototyping methods to monkeys (RQ2). We frst 
describe the method and then present an overview of the results 

followed by a detailed outline of the prototyping process through 
four iteration stages. 

We aimed to design a tangible interface for sakis they were 
able to control and use within the context of computer-enabled 
enrichment. The interface had to consist of tangible elements that 
would be manipulated to control potential stimuli. In this paper, 
we term these objects buttons; however, what the buttons might 
look like and their functionality were open questions within our 
iterative process. 

To form our initial requirements, we set as our aim that the 
button should be intuitive to use for monkeys, building on prior 
studies in ACI and using the term ‘intuitive’ to describe instinctive 
behaviour with an artefact [61]. To elicit instinctive behaviour 
from the sakis and to enable the sakis to interact with the button, 
the functionality and form of the button had to match the sakis’ 
ergonomic capabilities (such as the size of their hands and the way 
they manipulate artefacts, e.g. gripping and mouthing), and the 
sakis had to be able to perceive the manipulability of the button 
via its appearance and how it responded when interacted with. 
Furthermore, the button had to attract the sakis’ attention without 
food rewards or training. As such, we divided our overall aim into 
two requirements: 

Design requirement 1 (DR1): The interaction mecha-
nism matches the sakis’ ergonomic capabilities and 
perceptions of manipulability. 
Design requirement 2 (DR2): The form of the button 
elicits the sakis’ curiosity. 

If the button fulflled DR1, the sakis would interact with it in a 
way that matched the interaction mechanism (or intended move-
ment) the button allowed, e.g. pulling, pressing, twisting or grab-
bing. We deemed the interface to meet DR2 if the sakis chose to 
interact and engage with it. Fulflment of both these design require-
ments would provide a button design that could be efectively used 
with sakis as part of an enrichment system to trigger digital stimuli, 
progressing RQ1. 

For our method, standard HCI protocol stages were built upon 
to evaluate and form our buttons using rapid prototyping. These 
stages included building, testing, analysing and evaluating [9]. In 
this context, we frst built a few prototype buttons (building), then 
tested the buttons with the sakis (testing), analysed the results 
(analysing) and, fnally, evaluated the buttons by gathering feedback 
from the keepers and refecting on the results (evaluation). During 
the evaluation, new requirements were formed, and design ideas 
and decisions were considered for the next iteration, generated 
as a result of discussions and brainstorming. After a full iterative 
round was conducted and lessons had been learned, the process 
was repeatedly iterated until we and the other stakeholders deemed 
that the prototype was ready to be implemented. 

The prototypes were tested in sessions in the sakis’ enclosure, 
with the sakis being free to take part in the testing if they chose 
to. All the sakis interacted with one or more designs during the 
prototyping iterations, doing so at diferent stages and with difer-
ent prototypes according to their choosing. Each testing session 
was video recorded. After each round of testing, we gathered feed-
back on the prototypes from the sakis’ keeper using unstructured 
interviews. 
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To evaluate each prototype, we used video footage, and the 
keeper’s feedback allowed us to measure fulflment of the require-
ments (DR1 and DR2) with both qualitative and quantitative data. 
The qualitative data consisted of careful observation of the sakis’ in-
teractions with the prototypes from the video footage, the keepers’ 
feedback and our insights and observations (as expert designers for 
this troop of sakis). In observing the testing sessions, we paid par-
ticular attention to what the sakis’ behaviour indicated about their 
possible reactions, intentions and attention towards the prototypes 
and listed the ways the sakis interacted with the prototypes (e.g. 
gripping and mouthing). The quantitative measures included the 
frequency and duration of the sakis’ interactions with the interface. 
These were manually measured using the video recordings. We 
classifed the start and end of an interaction based on the saki’s 
proximity (approximately 20 cm) from the prototype and direc-
tion of attention (manifested through its behaviour). We further 
coded each interaction based on whether the sakis interacted with 
the button element of the prototype or only with its other areas. 
The quantitative measures enabled rigorous comparison of the pro-
totypes and their features and the identifcation of correlations 
between the qualitative and quantitative data. 

To check the evaluation against the requirements, we used the 
number of button interactions with matching movement to evaluate 
how the interaction mechanism suited the sakis (DR1), while we 
used the measures of interaction time, total number of interactions, 
number of button interactions and average duration of button in-
teractions to evaluate how well the form of the button managed to 
elicit the sakis’ curiosity (DR2). 

The prototypes were largely made with wooden materials, which 
are typically used by the zoo to build enrichment for the sakis, and 
we ensured that no splinters or sharp edges were present. The 
materials used were not dangerous to the animals, and the short-
term exposure of the sakis to the objects during prototyping was 
deemed suitable by the zoo. However, some of the wooden parts 
were laser cut, leaving combustion residue visible. While we were 
unable to fnd information on whether the burned edges of the 
wood were bad for animals, we suspect that they should be avoided 
in the future. In our prototypes, such edges were mostly present 
on the platform areas, which the sakis did not interact with using 
their mouths. 

The remainder of this paper describes the four prototyping iter-
ations (Fig. 1). 

5 RESULTS: ITERATIVE PROTOTYPING 
Table 1 presents an overview of the quantitative prototyping results 
over the four iterations with prototypes B1–B9, as shown in Figure 
1. The frst iteration explored the interaction mechanisms of touch 
and push; the second iteration explored touch, push and pull; the 
third explored pull, push down and move; and the fourth explored 
move. The remainder of this section describes the four iterations of 
our prototyping process. 

5.1 Iteration 1: Touch and Push 
5.1.1 Building the Prototypes. We began designing the buttons 
with the interaction mechanism, as this was the core concept for 
the design of a tangible button and a pressing factor in terms of 

Figure 2: Testing prototypes B1 and B2 

Figure 3: Prototypes B1 and B2 (front and back) 

determining whether the sakis would fnd the interface intuitive. 
As buttons had not previously been explored with sakis, there 
was no prior work to build upon. We considered that a monkey’s 
interaction with a button could be initiated by touching, touching 
and pushing, or touching and pulling. In addition, the properties 
of a button, such as its shape, size and material, could contribute 
to the intuitiveness of its use, ofering better usability by matching 
the sakis’ perceptions and capabilities to the button’s afordances 
(DR1). For example, a button that fts into a saki’s hand promotes an 
ergonomic physical interaction mechanism involving the hands. In 
addition, the properties of the button, such as the colour or texture 
[27], could afect whether the sakis found it interesting and chose 
to engage (DR2). For these prototypes, we mostly used wood as the 
building material as it could withstand the sakis’ biting and other 
exploratory behaviours, and scrap pieces were typically available 
at the workshop. 

For the frst prototype (B1), we tested a simple button design 
requiring only touch for successful interaction. As this was a very 
simplistic interaction mechanism often used with animals [52], we 
decided to additionally test buttons of the same shape made of 
diferent materials. We began with doorknobs that would ft inside 
a saki’s palm and built a low-fdelity prototype (B1, Fig. 3) with 
three stationary round doorknobs (diameter 3.5–4 cm) made of 
metal, plastic and wood attached to a wood plank. 

In the second prototype (B2), we tested a push-mechanism as 
this mechanism type is also commonly used with animals, e.g. [37]. 
The prototype (B2, Fig. 3) to test this mechanism was a cylindrical 
wooden button with a round top (diameter = 2 cm) and a spring 
underneath. The spring ensured that the sakis were unable to pull 
the button out of its mounting and that it returned to its original 
stationary position after being depressed. In B2, we additionally 
measured how much force a saki could apply to the button using a 
sensor to recognise the interaction; B2 was therefore considered a 
higher-level prototype. By measuring the force, we were thinking 
ahead and preparing for subsequent iterations in case the push 
button was the best design to proceed with. 
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Table 1: Summary of prototyping results from four iterations: iteration 1 – B1 and B2; iteration 2 – B3–B5; iteration 3 – B6–B8; 
and iteration 4 – B9. 

Interaction 
mechanism 

Test 
time (min) 

Interaction 
time 

Interactions per 
minute (total) 

Button interactions 
(BI) of total 

Avg. duration 
of BI 

BI with matching 
movement 

100% (3) B1 touch 50 1% (17s) 0.1 (3) 100% (3) 0% (5.7s) 

B2 push 5 18% (54s) 1.0 (5) 80% (4) 4% (11.5s) 0% (0) 

B3 push 3.5 5% (11s) 1.4 (5) 40% (2) 1% (2.5s) 0% (0) 

B4 pull 3 17% (31s) 2.0 (6) 67% (4) 3% (5.5s) 0% (0) 

B5 touch 3.5 5% (10s) 0.6 (2) 0% (0) 0% (0.0s) 0% (0) 

(139s) 4.2 (19) 79% (15) 3% (8.3s) 27% (4) P6 pull 4.5 51% 

B7 down 5.5 25% (84s) 2.5 (14) 57% (8) 2% (7.0s) 13% (1) 

B8 move 5 63% (189s) 1.2 (6) 50% (3) 20% (60.3s) 100% (3) 

B9 move 6.5 59% (231s) 3.1 (20) 80% (16) 3% (13.4s) 88% (14) 

5.1.2 Testing the Butons with the Sakis. We placed B1 on a tree 
within the sakis’ enclosure for 50 minutes (Fig. 2). This method was 
chosen to allow the sakis time to explore the artefact. However, we 
found the test time of B1 to be highly inefcient (a long period with 
few interactions) and that all the interactions occurred in the initial 
few minutes. In light of this, B2 was tested for fve minutes, with 
the designer holding the prototype for the sakis in their enclosure 
(Fig. 2). The designer held the prototype instead of the sakis’ keeper 
to avoid the potential of external motivation emerging from the 
presence of a familiar human [12]. 

5.1.3 Analysing Results. The sakis spent time near prototype B1, 
observing it from afar and approaching it but often not touching 
it. As the sakis had only three tactile interactions (1) with the 
prototype, we could not infer their preference of button material. 
Because so few interactions occurred, with a duration of only 1% 
of the 50-minute test period (Table 1), we concluded that the sakis 
did not fnd B1 interesting, refecting on DR2. We observed that 
the sakis were more curious towards B2: Five interactions with this 
prototype occurred, four of which were with the button element. 
Moreover, the interaction time was longer (11.5 s) than with B1 (5.7 
s) (Table 1). The sakis also spent a large portion of the test time 
(18%, Table 1) interacting with B2. 

In terms of DR1, the sakis interacted with the button as intended 
with B1 but not with B2 (Table 1). During one interaction with 
B1, a saki touched the leftmost plastic knob with its hand, holding 
it there for nine seconds. In the other two interactions, the sakis 
interacted with the prototype by mouthing. Similarly, the sakis 
mostly interacted with B2 through mouthing. Once, a saki gripped 
the B2 button with its teeth, slightly pushing it. As this was the 
only interaction in which the button was pushed, the efcacy and 
sensitivity of the sensor could not be determined. 

5.1.4 Evaluating the Butons. As the prototypes B1 and B2 were not 
tested with the same method, and the presence of human potentially 

contributed to the higher interest towards the B2, the results of B1 
and B2 were not comparable with each other in terms of their level 
of intrinsic curiosity (DR2). With that being said, there is room to 
improve the design of B2 to be more interesting (DR2) as the sakis 
did not seem interested in exploring the prototype. Regarding DR1, 
the results indicate that the sakis found the interaction mechanism 
of B1 more intuitive than that of B2. The implication of this is that 
combining certain features of B1 (the shape of buttons) and B2 (the 
push action) could lead to a design that fulfls both requirements. 

In refecting on the testing session, the sakis’ keeper proposed 
that pulling, rather than pushing, might be more intuitive to the 
sakis. Furthermore, the placement of buttons had to be considered 
in relation to the interaction mechanism: For sakis, push buttons 
might be more suitable on the foor, and pull buttons on vertical 
walls. Regarding the testing method, the sakis’ interactions with 
the prototypes were all short (B1: 3–9 s, B2: 4–15 s), and the sakis 
quickly lost interest (their interactions occurring in the beginning 
of the test session). In light of the rapid prototyping method, the 
short test time of B2 was therefore judged to be efective in captur-
ing the sakis’ interactions, yielding enough information to continue 
the design process to the next iteration. We also decided that the 
early prototypes should strictly be of low-fdelity (similar to B1 
rather than B2) as the testing of features like sensors (as with B2) is 
not useful when the interaction mechanism has not been validated, 
slowing down the speed of the prototyping process and distracting 
from the core concepts that need to be refned. Furthermore, we de-
termined that the designer holding B2 to the sakis likely infuenced 
their interest towards it. Moving forwards, we therefore planned 
to hold all the following prototypes as well to produce comparable 
results across them. 

5.2 Iteration 2: Touch, Push and Pull 
5.2.1 Building the Prototypes. Following the insights from iteration 
1, we built three low-fdelity prototypes (B3–B5, Fig. 4). In B3, 
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Figure 4: Prototypes B3 (front and side), B4 and B5 

the features of B1 (its form) and B2 (its interaction mechanism) 
were combined. It comprised a doorknob placed over a hole and 
connected to a spring. For B4, we used pull mechanism, consisting 
of a pull button and a purple pull-rope dog toy with a large ball at 
the end. The rope was placed through a hole in a piece of plywood 
and attached to a rubber band so that when the rope was pulled and 
let loose, it sprang back to its original position. For B5, we decided 
to test the simple touch mechanism again (as with B1) in contrast 
with the push (B3) and pull (B4) prototypes; this prototype involved 
a piece of metal (H 10 cm, W 14 cm) connected to a wooden plank. 

5.2.2 Testing the Butons with the Sakis. Building on the fndings 
from iteration 1, for comparability, we tested the three prototypes 
in iteration 2 using the same method and with the same person 
holding the prototype for the sakis. The prototypes were tested 
during a single session lasting 10 minutes. The testing time for 
each prototype varied from 3 to 3.5 minutes; we did not want to 
interrupt the sakis’ interactions and therefore waited until no more 
engagement was shown before moving to the next prototype. Dur-
ing testing, Hubert was the only saki who interacted directly with 
the prototypes, while Bea and Igor showed interest by approaching 
them and watching nearby. 

5.2.3 Analysing the Results. In terms of DR2, of the three proto-
types, the sakis were most interested in B4. They had the most 
interactions with it (six, Table 1), spent the most time interacting 
(17%, Table 1) and had individual interactions of the longest dura-
tion (5.5 s, Table 1). While they did interact with B3, their interaction 
time with this prototype was low (5%, Table 1). The interaction time 
with B5 was similarly short, and the sakis did not interact at all 
with the button element of B5. 

With regard to DR1, none of the sakis’ interactions with any of 
the prototypes matched the interaction mechanism (button interac-
tions with matching movement, Table 1). The sakis interacted with 
the B3 button twice, once by mouth and once by hand, but did not 
push it, again indicating that the push mechanism was not intuitive 
to the sakis. Although Hubert interacted with B4 by gripping the 
ball with his hand and frequently moving it sideways to see what 
was underneath, he did not pull the rope in any of the interactions. 

5.2.4 Evaluating the Butons. The sakis’ keeper speculated that 
B4’s colour and shape were what made it the most interesting to 
the sakis. Specifcally, defning the buttons with colours may have 

helped the sakis consider that they should be interacted with as they 
had experience with defned colours from toys and training sessions. 
We thus proposed that colouring the buttons could improve the 
design in light of both of our goals. The colour could help the sakis 
perceive the button as an interactive object or simply increase its 
appeal. Similarly, in HCI, designers often exploit texture and colour 
to draw the attention of the user [27]. Further, we thought that B4 
was too big for the sakis to interact with according to the intended 
mechanism. 

The keeper also added that objects exhibiting movement are 
interesting to sakis and that, despite the fact that they are relatively 
inactive monkeys, sakis like to explore and fddle with objects to 
investigate the areas behind/underneath them. In particular, Hubert 
was familiar with colourful toys that had small moving pieces. In 
addition to paying attention to the elements of colour, size and 
movement, using objects with afordances familiar to the sakis 
(e.g. with pieces that moved sideways) could also work better, as 
speculated by Wirman and Jørgensen in relation to primates [61]. 
Leveraging users’ prior knowledge of the world is a core part of 
tangible interaction design in HCI [27]. 

5.3 Iteration 3: Pull, Push Down and Move 

Figure 5: Prototypes B6, B7 (front and back) and B8 

5.3.1 Building the Prototypes. For the third iteration, we deployed 
three prototypes (B6–B8, Fig. 5) that were bright orange in colour 
and sized such that the sakis could grip them easily. We chose the 
colour of the ball as orange because the sakis had earlier learned to 
react to this colour. Each button exhibited a diferent type of move-
ment. Furthermore, B8 aforded movement mimicking a toy the 
sakis had used previously (a dog puzzle). B6 was a revised version 
of B4, comprising a pull button made of a wooden ball attached 
to a jute string. The ball was smaller than that in B4, facilitating 
easier movement, and the pull distance was longer (the ball could 
be pulled for approximately 15 cm). When released, the ball re-
turned quickly to its original position tight against the plywood. B7 
involved a lever button (a concept suggested by the keeper) built 
from wood, which sprang back into place after being pressed down. 
B8 comprised a movable wooden piece (a ’panel’) mounted on an 
axle (a screw), hiding a red dot when in the neutral (downward) 
position. To see the colourful dot, the wood had to be moved. It 
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was hoped that the red dot would function as a cue that the sakis 
would search for. 

5.3.2 Testing the Butons with the Sakis. We tested these proto-
types following the method used in iteration 2, that is, they were 
presented by the designer to the sakis in the enclosure. The three 
prototypes were tested during a single 15-minute session. As before, 
we switched between prototypes when a natural break occurred in 
the sakis’ interactions with them. Both Bea and Hubert were active 
in interacting with the prototypes. 

5.3.3 Analysing the Results. In relation to DR2, the sakis interacted 
with B6 and B5 three times as many and twice as many times 
as B8, respectively (B6: 19 interactions, B7: 14 interactions, B8: 6 
interactions, Table 1), interacting most frequently with the button 
element of B6 (79% of interactions involved the B6 button, Table 
1). Despite this, the longest times were spent interacting with B6 
and B8 (51% and 63% of the test times, respectively, Table 1). For 
B8, the sakis had only three button interactions, but Hubert spent 
most of the test time engaged in a single interaction that lasted 
nearly three minutes (165 s), which was long in comparison to 
the sakis’ average interaction time of four seconds with the digital 
stimuli [17, 47]. Hubert was very active and would have continued 
interacting with the prototype had the session time not ended. This 
resulted in the sakis having the longest interactions with B8 (60.3 s 
on average, Table 1). Based on these measures, prototypes B6 and 
B8 were considered the most interesting to the sakis, while B8 best 
engaged them in long interactions. This was also demonstrated in 
the observations of the sakis’ behaviour. 

In terms of DR1, the sakis instinctively interacted with B6 by 
touching it with their mouths or by moving the ball by hand (with-
out pulling it). They quickly learned to pull the ball when Hubert 
gripped the jute string with his teeth and pulled it. After learning 
this movement, the sakis successfully repeated it several times us-
ing their mouths and hands (Fig. 1). Of the 15 interactions the sakis 
had with the button of B6, they interacted with it according to the 
interaction mechanism in four (B6, Table 1). The sakis touched the 
button of B7 with their mouths and gripped it with their hands. 
In only one button interaction out of 8 did a saki push the lever 
down as was intended (B7, Table 1), indicating this design was not 
intuitive for the sakis. With B8, the sakis instinctively interacted by 
hand, moving the wooden piece sideways; after this, they also used 
their mouths, attempting to bite and pull it. Of all the prototypes, 
B8 had the most intuitive button: In all of the button interactions 
with B8, the sakis performed the intended movement (B8, Table 1). 

5.3.4 Evaluating the Butons. All these prototypes (B6–B8) had 
better results than the preceding ones (B1–B5), indicating that the 
changed attributes including a more ergonomic size, a new colour 
and diferent movements had a signifcant efect. However, at this 
point, we noticed that we had tested too many variables at once. 
From these fndings, we concluded that the sakis were the least 
interested in B7 (DR2). This could have been due to the relatively 
small size of the button. In addition, B6 and B8 both allowed for a 
greater range of movement and, we suggest, had more interesting 
shapes than B7. B8 engaged the sakis for the longest period of time; 
however, this did not necessarily mean it had better interactive 
features. The sakis also interacted with B8 as was intended in each 

of their interactions with this prototype, meaning the design of the 
B8 button matched the sakis’ capabilities and perceptions in this 
respect. Designing for the many ways that an animal might want 
to interact with a button may be the key to designing buttons for 
animals. Based on the observations and the quantitative measures, 
we chose the B8 design moving forwards to create a higher-level 
prototype. 

5.4 Iteration 4: Touch and Move 

Figure 6: Prototype B9: Front, revealing of the red dot and 
the technology in the backside. 

5.4.1 Building the Prototype. In the fnal stage of prototyping, we 
extended the B8 design concept to a higher-level prototype (B9, 
Fig. 6) that tested the interactive features. We added hardware 
built into the mechanism to detect the movement of the panel 
button, including a magnetic switch and a magnet as well as a 
Raspberry Pi and a portable charger. These adaptations meant that 
each movement of the button away from the centre point had the 
potential to trigger the detection mechanism (the magnetic switch), 
leading the software to automatically log the interaction. 

5.4.2 Testing the Buton with Sakis. We tested B9 for 6.5 minutes. 
In addition to observing how the sakis used the prototype (as in 
the previous iterations), we observed whether the physical modif-
cations to the prototype changed the sakis’ interactions with it and 
tested whether the adapted system correctly logged the movements 
of the button. 

5.4.3 Analysing Results. The sakis spent 59% of the test time in-
teracting with this prototype, which was the second-highest pro-
portion (after that for B8) (Table 1). The average duration of the 
interactions was also high compared to those for the other proto-
types (13.4 s, Table 1). In total, the sakis interacted 20 times with 
B9, with 16 of these interactions being with the button. This result 
showed improvement in comparison with the other prototypes 
(Table 1). To summarise these results, the sakis found B9 to be one 
of the most interesting of all the tested prototypes, validating the 
design concept in terms of DR2. 

The sakis mainly interacted with the button by gripping it with 
one or two hands, moving it around its axle or trying to pull it 
of. In some interactions, the sakis bit the button or licked the red 
dot underneath it. A typical interaction involved a saki triggering 
the system an average of 6.4 times. In two interactions, the sakis 
only bit the wooden button and moved it slightly, and the red dot 
was not revealed; however, the system still recognised these as 
interactions, which indicates that it was too sensitive. Of the 16 
button interactions, 14 included the matching movement (moving 
the panel to reveal the red dot), representing 88% of all button 
interactions (Table 1). This was the second-highest value for this 
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measure (again, after that for B8); we were thus able to confrm that 
B9 fulflled DR1. The small physical changes made to the prototype 
(to make it more durable) following the testing of B9 did not afect 
how the sakis interacted with the prototype. 

5.4.4 Evaluating the Buton. The B9 prototype performed similarly 
to its successor B8. The results confrmed that the sakis interacted 
with the button matching the interaction mechanism (DR1) and 
were seemingly curious towards the prototype (DR2). Testing the 
prototype with sensors confrmed that the button could be used as 
a trigger, e.g. for digital stimuli in a computer-enabled enrichment 
system. The testing also revealed that the sakis tried to lick the red 
dot placed underneath the panel, indicating they were potentially 
hoping for food rewards. Furthermore, the sakis’ exhibited pulling, 
proposing that pulling could be the preferred way of interacting 
for the sakis compared to sideways movement. 

6 DISCUSSION 
In this study, we explored what tangible buttons might look like for 
white-faced sakis using the rapid prototyping method. The fndings 
of this study beneft two main areas: the design of tangible buttons 
for white-faced sakis (RQ1) and the transferring of prototyping 
methods from humans to animals (RQ2). The discussion is split 
over these themes. 

6.1 Button Findings 
Prototyping with sakis resulted in concrete fndings regarding mon-
key preferences for pull buttons and sideways-movement buttons 
over push and touch buttons. Specifcally, we found that push but-
tons mounted on a vertical wall did not work with sakis, leaving 
open the possibility, however, that push buttons could be mounted 
on a horizontal surface. At the same time, all the prototypes tested 
other than the touch panel involved touch in addition to another 
movement type (e.g., touch and push for a push button). This need 
for two processes (touch and move) did allow for versatile methods 
of interaction; the sakis interacted with the button prototypes both 
with their hands and mouth, exhibiting various behaviours, such 
as fddling, biting, pulling and smelling. However, the fact that the 
sakis often attempted to pull the panel button seems to indicate that 
a pull mechanism was more intuitive than a swinging-movement 
mechanism for these monkeys. Overall, our results indicate that 
mouthing (touching by mouth or placing into the mouth) and grip-
ping with the hands to move or pull objects are the main methods 
of interaction for monkeys. We propose that catering to the many 
ways the animal want to interact with interfaces is key in design-
ing for animals; for monkeys, these include pulling and swinging 
movements. 

Suggestion 1: Monkeys prefer prototypes with pulling/swinging 
movement over pushing/touching and prefer interacting by grip-
ping and mouthing. 

Regarding material and colour, we used wood as the main ma-
terial to build the prototypes. As a building material, wood was 
found to be easy to work with and build buttons of various forms. 
Furthermore, the material is durable for animals that typically chew 

and interact by mouthing objects, such as monkeys. Along with 
wood, we tested buttons made with metal, plastic, rope and jute. 
However, after the frst prototype (B1), we decided not to focus 
on iterating on materials, although we found that metal was not 
an appealing material to sakis as they did not interact with these 
objects. We also found that button prototypes that were colourful 
and inhibited movement best caught the sakis’ attention, leading to 
the highest interaction times. Regarding the form of the prototypes, 
non-fat shapes and smaller buttons seemed to also infuence the 
prototypes’ appeal. However, larger objects could be appealing if 
their range of movement was greater (e.g., a large pull button, B4), 
and non-fat small prototypes might not be engaging if they do not 
inhibit movement (e.g., small lever button, B7). Furthermore, having 
an ergonomic size and ftting into the sakis’ hands were found to 
be important in terms of whether the sakis’ interactions matched 
the intended button interaction mechanisms. As such, both size 
and movement were found to engage the sakis as they interacted 
with these objects past the point of initial interest. Colour, size 
and movement were key factors in the third iteration, with all the 
prototypes (B6–B8) eliciting more interaction than the previous 
ones. 

Suggestion 2: Buttons with suitable colour, movement, and er-
gonomic size infuence monkeys’ engagement. 

We also noticed a need for balance between designing for dis-
covery and mitigating external motivators. While colour seemed to 
increase the appeal of the button to the sakis, it is unclear whether 
this was an instinctive behaviour or a learned association from 
the sakis’ previous training experience with colours. With many 
zoo animals trained to touch coloured balls, this is an overarching 
factor in creating interfaces for animals. Similarly, the selected fnal 
button mimicked the movement of a toy the sakis were familiar 
with, leveraging their prior experience in the design of the inter-
action mechanism. This association with a toy could also have led 
to increased interaction in hope of food rewards or other intrinsic 
motivators. As such, the sakis’ previous experiences were found to 
infuence their interactions, indirectly involving external motiva-
tors. While some researchers developing interfaces for animals have 
used familiar objects [19, 48, 52], there is a trade-of here between 
making a user interface intuitive and testing its new transformed 
function. 

The challenge of supporting both discovery and usable interac-
tion is made more complex when the interactions are tested without 
the resultant stimuli. It could be argued that testing prototypes with 
many variations of the interaction and similarities across these vari-
ation is inherently confusing to animals. Furthermore, the animals’ 
learning from testing can distort their interactions with the fnal 
design connected with the stimuli. Prototyping an interface isolated 
from the stimuli inevitably involves evaluating and refning another 
interaction (other than the stimuli), with the efect augmented by 
the evolving experience of the participating animals. 

While it would be useful to study the interface and the stim-
uli together in a single prototype, this would create intertwining 
narratives of stimuli and interface. Other researchers have tested 
stimuli as a static feature within prototyping (e.g. [12]). Combining 
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low-fdelity prototypes with stimuli, the animal users could become 
habituated to the stimuli before the implementation of the fnal 
system, to the detriment of the device’s ability to remain interesting 
to animals and the interactivity of the fnal device. As such, there 
is refexivity between the stimuli and interface; only through amal-
gamating the two in one prototype can the combination of these 
factors be tested with animals, but this results in the particular 
infuence of each factor remaining unknown. Separating these two 
infuential factors strikes at the heart of designing novel interfaces 
for animals to use: Little is known about what makes systems usable 
for animals. This work, however, takes a signifcant step towards 
addressing these issues by providing some initial scafolding. 

Suggestion 3: In designing interfaces for animals, there is a ten-
sion between using familiar interfaces to make use of the animals’ 
intuition and mitigating the infuence of external motivations and 
prior experience. 

Looking at the individual monkeys’ interactions, it seemed that 
Hubert was more eager to interact with the devices when humans 
were present, while Igor was more cautious and preferred to explore 
new objects by himself. The individuals’ levels of engagement in 
testing the prototypes held by humans refected their previous 
experiences of human–animal interactions [28]. Hubert may have 
also found the interaction with humans enriching in itself. These 
strong individual diferences echo the fndings of others studying 
primates [14, 34, 41, 44]. Further, Hubert was the most familiar with 
the movement of the panel button (B8/B9), which could have led to 
his long interactions with the button. As such, there is a tension 
between designing for the individual and designing for the troop 
as a whole. The question of whom we are designing for and how 
we build systems for monkeys on these two levels is a complex 
one, especially during the testing phase, where the signifcance of 
an individual animal’s actions is magnifed as every choice within 
each iteration echoes profoundly into the next design iteration. 
Fundamentally, the choices we make as humans in prototyping with 
and for animals are part of a refective process in which decisions 
are infuenced by stakeholders on both sides of the fence. Hence, 
we propose that prototyping for animals is primarily guided by the 
animal user, who has a strong infuence on the gathered results, 
but that we, as humans, also hold signifcant infuence. 

Regarding the unravelling of the tension between the troop and 
the individual, zoos typically have small sample sizes available, 
with most work in ACI designing and prototyping with only one or 
two individual animals. Further research is needed to explore how 
to prototype inclusively, giving the individual animal the chance 
to express its perspective, while balancing this with the troop per-
spective to build designs based on generalisable and transferable 
insights. From another viewpoint, one can argue for a more indi-
vidualised approach to designing for animals; some designers have 
suggested that an animal’s personality afects how it interacts with 
computer devices [7, 60]. From whichever angle the issue is viewed, 
what this discussion brings to the fore is that there are diferent 
approaches to designing and prototyping for animals and tension 
in the balance of power among them. 

Kankaanpää and Hirskyj-Douglas 

Suggestion 4: Prototyping needs to balance individual animal’s 
needs, the group’s needs and the species’ needs (which can be 
diferent) in both method and fndings. 

6.2 Findings from Prototyping with Monkeys 
We noticed contradictory decisions taking place while determining 
an efective way to test the prototypes with the monkeys. On one 
hand, we aimed to test the prototypes with the sakis without provid-
ing any external motivation. On the other, we hoped to gather data 
on the sakis’ interactions efectively, within a reasonable time frame. 
We found that short test sessions were most efective with the sakis 
as they typically had short interactions with the prototypes tak-
ing place early in the session, echoing results from others [17, 47]. 
However, we also learned that gathering enough data within a rel-
atively short time frame (i.e., in fve minutes instead of an hour) 
was possible due to human presence in the prototyping sessions as 
it increased the sakis’ interest in and thus their interactions with 
the prototypes. This fnding on human presence as a motivator is 
echoed in Piitulainen’s [46] and French et al.’s [12] work. However 
while human presence increased the monkeys’ interactions, this 
contradicts our aim of eliciting curiosity with the prototypes wholly 
resulting from the sakis’ ordinary behaviour and unbiased choices. 
As such, prototyping with animals involves a balance between the 
factors impacting the animals’ interactions and controlling for the 
validity and efectiveness of the testing method. 

Suggestion 5: When prototyping with monkeys, the presence of 
humans infuences their interactions. 

The discoverability, novelty and interest of the prototypes posed 
a challenge. A highly engaging interaction method itself could 
impact the interactions with the fnal computer device rather than 
acting as a medium to provide stimuli. The fnal design concept was 
selected based on the fact that the sakis’ method of interacting with 
it matched the intended interaction mechanism and because they 
engaged with the design for the longest periods of time. However, 
it can be questioned whether the measure of engagement and time 
is alone suitable for evaluating an interface. There is a tension 
between having a tangible interface that is discoverable and uses 
ordinary afordances and having one that does not distract from 
the stimuli it is a medium for. This is part of the larger picture when 
building interfaces for animals: While we want the most attractive 
and appealing interface, this can potentially mean the animals use 
it for the interface rather than the stimuli it provides. 

Suggestion 6: With animals, the interface itself should be engaging 
without distracting from the stimuli it triggers. 

6.3 Prototyping Methods from HCI to ACI 
Many lessons were learned from applying a standard HCI proto-
typing methodology to animals. Ideally, in iterative design with 
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humans, there would be time to go from low-fdelity (paper proto-
types and wireframes) to high-fdelity (mock-ups and code) proto-
types. However, with animals, this is challenging. With humans, 
low-fdelity prototypes can be fragile (e.g., made of paper and card-
board) and abstract (e.g., drawings and design fction), but with 
animals, they must be durable, safe and concrete. As such, while we 
term our process ‘low-fdelity’, aligning it to the human prototyping 
method, it is actually high-fdelity as low-fdelity was not possible. 

Another diference is the ambiguity with animals regarding when 
it is time to move to higher-fdelity prototypes. In this study, we de-
termined that we had found the most successful prototype when the 
design requirements were met. Furthermore, with humans, there 
would be more iterative stages, while prototyping with animals 
involves constraints regarding novelty and habituation [25], with 
most interfaces losing their appeal over time. As such, fnding a 
suitable level of fdelity can be challenging with animals as proto-
typing can mitigate against the fnal deployment. While our work 
progresses research on low-fdelity prototyping with animals and 
the emerging challenges, it also highlights the problems with the 
lack of low-fdelity processes and the fact that animals’ interest can 
decrease from repeated prior stimulation during prototyping. 

Humans can provide feedback directly or via a proxy for com-
munication, such as is done by a parent with very young children 
[33] or to those with certain disabilities [55]. For animals in zoos, 
the proxy is the animals’ keeper and other stakeholders (e.g., vets, 
zoo visitors or research staf), who can provide invaluable insights, 
supplementing the research’s coded data. In our case, the sakis’ 
keeper had a strong impact on motivating the prototype design 
decisions. However, it can be argued that the keepers’ insights were 
not evidence-led and that we could be replicating human biases 
when relying on the keeper as a proxy. Additionally, keeper and 
visitor insights diverge because they are infuenced by difering mo-
tivations [18]. Similar problems are echoed in research felds such 
as child–computer interaction, where much of the recent narrative 
has focused on methods to maintain the child’s voice, thoughts 
and feelings [33]. Future work in prototyping with animals should 
also explore approaches to how we share power with the humans 
close to the animals and their role in infuencing the design of 
interactions. 

Another aspect of applying HCI to ACI that becomes apparent 
with animals is that humans tend to design on the basis of their own 
assumptions, needs and understanding. While this is a known prob-
lem across many facets of HCI, it becomes even more evident when 
designing for a user of a diferent species; adapting focus to animals’ 
needs and requirements is difcult, representing a challenge faced 
when designing for non-human agents. The design concepts tested 
with animals in this study were inevitably limited to what we as 
human designers could imagine, build and design. Early on in our 
design process, we noticed that the sakis instinctively interacted in 
a multitude of ways with tangible interfaces, using their mouths 
and hands to touch, chew, bite and smell the prototypes. The full 
variety of ways in which animals interact with computers is yet to 
be discovered, and animal interactions often prove the assumptions 
of a design’s efcacy for animals to be wrong or inaccurate. To 
cater to the multitude of ways that monkeys, or animals in general, 
interact, it is important to prototype using a wide breadth of designs 
to capture valuable feedback from the animals. By testing varied 

interaction mechanisms and forms for the tangible interface, we 
made branching decisions that allowed for the simultaneous iter-
ation of multiple prototypes as well as for a comparison between 
these, yielding varied feedback for each iteration. These lessons 
inherently refect on HCI and encourage designers to push beyond 
standard prototypes and presumptions. 

The challenges faced in designing for ACI are not unique and 
have similarities with those in other more-than-human design pur-
suits ([6, 39, 42]). Shifting to the perspective and assessing the 
experience and ecology of the non-human user remain pertinent 
core challenges to overcome ([39, 42]). Improving the ability to 
engage with multiple perspective and, as a result, grasping how 
human designs afect non-human entities can advance our adapta-
tion to and design of the environments in which people, animals 
and organisms alike meet [56]. Integrated with this is the challenge 
of exploring how human and non-human entities can thrive and 
cohabit together ([56]) and with the artifcial ecologies ([6]). 

7 FUTURE WORK 
In this study, we worked towards investigating the large issue of 
prototyping with animals. However, our fndings were set within 
a specifc context of time, species and place, and further studies 
on various species will enrich and solidify our suggestions. Addi-
tionally, while we acknowledge that new features should be added 
in small steps and one at a time, in the end, we did test certain 
independent variables simultaneously (e.g., the pull mechanism 
and colour in B4), making it unclear how much each contributed to 
the results. Furthermore, when prototyping with animals in zoos, 
the limitations to the number of participants leads to an order efect 
as each new iteration is infuenced by the animals’ experience with 
the preceding prototypes. In future, the next step would be to build 
the fnal prototype design and introduce the stimuli triggered by the 
button interface to test the prototypes in a working system. Equally, 
while we recognised the need to experiment with wide variety of 
forms outside of what humans are used to, we were still limited 
to our human perspective. In the future, it would be pertinent to 
test various interaction mechanisms beyond pushing and touching, 
such as chewing and biting. We did not introduce these into our 
button prototypes as the buttons would gradually degrade over 
time; however, it would be interesting to scope into destructible 
interfaces rather than create for permanence. 

8 CONCLUSION 
With this work, we aim to ofer signifcant insights into the design 
of tangible computer buttons and the adaption of HCI prototyping 
methods to monkeys. Part of this narrative includes exploring how 
to involve animals in the iterative design process. For the former, we 
found that the monkeys preferred prototypes with pull/swinging 
movement over push/touch buttons and typically interacted by 
gripping and mouthing. Colourful prototypes inhibiting movement 
and with ergonomic size (ftting in the monkeys’ grip) had a strong 
efect on eliciting the monkeys’ curiosity. We highlight the ten-
sion between leveraging familiarity with certain features and the 
fact that this familiarity might infuence the monkeys’ interactions 
by drawing on their prior experiences. Further, we found that the 
presence of humans infuenced the animals’ interactivity with the 
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devices and that the individual animals responded diferently, un-
covering tensions between the requirements of the individual and 
those of the troop. When transferring HCI methods to ACI, we 
found that using low-fdelity prototypes was not possible with the 
animals. Additional factors were also relevant with animals, such as 
novelty and habituation, which forced us to quickly iterate in short 
bursts. We also found that humans had a signifcant infuence on 
the process, both as a proxy speaking on behalf of the animals and 
as the designers making key design decisions. To mitigate these 
issues, we highlight the use of quantitative measures of the animals 
themselves to unravel these tensions and encourage designers to 
push beyond their assumptions. For the ACI community, this pa-
per encourages and uncovers new ways for monkeys, and animals 
more generally, to interact with computer interfaces. For the HCI 
community, this paper pushes at the edges of what prototyping is, 
shifting and reframing what prototyping might look like when it is 
based on design for the other. 
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