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Collaborative Fieldwork with Custom Mobile Apps

Mat Bettinson
Charles Darwin University

Steven Bird
Charles Darwin University

Mobile apps have the potential to support collaborative fieldwork even where web 
connectivity is unreliable or unavailable. To explore this potential, we developed 
portable network infrastructure and custom-made field tool apps. We deployed this 
solution in remote communities in the far north of Australia, in connection with co-
located cooperative language work. Throughout a series of visits, we worked with 
community members to iterate the designs, optimising their suitability for the tasks 
and the context. We found that custom toolmaking provides the benefits of digi-
tal collaboration tailored for the specific needs of the environment and community. 
However, we argue that it is activity design – not the technology itself – that must 
be foregrounded, placing fieldworkers in the driving seat of innovation in digital 
fieldwork practice.

1. Introduction1  Mobile apps have the potential to support collaboration in the task 
of documenting and conserving endangered languages, even in places where network 
connectivity is limited or nonexistent. Apps can support diverse tasks: collecting 
metadata, recording linguistic performances, eliciting responses to prompts, track-
ing documentary workflows, and so forth. In particular, the touch-screen interface is 
helpful for crafting tools that support diverse forms of collaboration.

There is scarcely need to elaborate on the utility of mobile apps, but what of 
their potential for supporting fieldwork? One approach is for a user to download 
and operate a language app autonomously and undertake remote language work. 
This is a form of crowdsourcing (Malone et al. 2010). However, we are concerned 
not with anonymous crowds but rather small-scale personalised interactions with 
local participants in remote locations. There are no off-the-shelf solutions and little 
market for product-like solutions. Instead, we propose a new form of practice that 
integrates purpose-made tools with new tool-using interactions.

1 We are grateful to the Bininj people of Northern Australia for the opportunity to live and work in their 
community. This research has been supported by grants from the Australian Research Council entitled 
Learning English and Aboriginal Languages for Work, and the Indigenous Languages and Arts Program 
entitled Mobile Software for Oral Language Learning in Arnhem Land, and covered by a research permit 
from the Northern Land Council and approvals from the board of Warddeken Land Management and the 
CDU Human Research Ethics Committee.

http://nflrc.hawaii.edu/ldc/
http://hdl.handle.net/10125/74665
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Designing and deploying apps for remote indigenous communities presents 
unique challenges. Aside from the logistical factors, we must deal with the fact that 
technology designs are usually based on assumptions shaped by mainstream audi-
ences. There is a need to establish design ideas and processes leading to tools and 
artefacts that make sense for local people and, ultimately, will contribute towards 
the agendas and aspirations of local people.

We report on our work to design and deploy knowledge preservation apps, with 
remote communities in Australia’s far north. We describe a collection of bespoke 
apps intended to support collaborative knowledge work with members of the local 
community, and a documentary activity to elicit speech data and speaker judge-
ments. We discuss our evolving understanding of this situated interaction design 
activity, where fieldworkers, technologists, and community members each have a 
vital role to play.

This paper is organised as follows. We begin by reviewing previous work to de-
velop technologies to support collaborative language documentation (§2). Then we 
describe the situation in the far north of Australia where our language work takes 
place (§3), and establish a grounding for technology/activity design (§4). The follow-
ing two sections describe the hardware and software components of our ‘BushPi’ so-
lution (§5, 6). We offer a discussion with a focus on the prospects and requirements 
of replicating this work elsewhere (§7), and conclude by highlighting the need for 
further work on interdisciplinary collaborations (§8).

2. Background and previous work  Field researchers select and adapt from estab-
lished field methods, observing, recording, and eliciting (Samarin 1967; Bernard & 
Gravlee 2014). They assemble resources into ad hoc processes and workflows to 
meet their goals (Crowley 2007). These processes are seldom automated to the same 
extent that technology affords in other domains, which ultimately limits the scale at 
which language documentation can be performed (Liberman 2006).

Digital technologies promise greater efficiency through systematisation and au-
tomation. While ‘computer-supported cooperative work’ (CSCW; Grudin 1994) is 
well established in human computer interaction research (HCI), it has been primarily 
influenced by the demands of large-scale office automation. Hanke (2017) proposed 
computer-supported language documentation as an application of CSCW for work-
flows in language conservation programmes. Large-scale process automation has 
been attempted (e.g., Dunham et al. 2014) but has not been shown to be sustainable.

Workflow efficiency is severely compromised whenever a single person, such 
as the researcher, is needed for every task (Hanke 2017: 66), and so it is helpful to 
recruit knowledge holders to work independently. This places an emphasis on ease-
of-use and on minimising the amount of training and supervision required. SayMore 
is an instructive example (Hatton 2013), and it was successfully used to support a 
large-scale project producing tens of hours of oral documentation for fourteen lan-
guages of Nepal (Khadgi 2017).

Using mobile devices for fieldwork isn’t new. They have been explored as useful 
tools for ‘on the move’ data collection since the pre-smartphone era of the personal 
digital assistant, or PDA (Pascoe et al. 2000). More recently, digital tools have begun 
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to reflect methodological innovations in the nondigital space. For example, Basic 
Oral Language Documentation (BOLD) emerged as an inclusive and efficient work-
flow by recognising the ways that local participants can contribute when specialised 
tasks such as transcription are deferred (Bird 2010; Reiman 2010). 

The Aikuma mobile app is a reimplementation of BOLD’s dual-audio recorder 
interpretation activity (Bird et al. 2014; Hanke 2017: 166). LIG-Aikuma’s develop-
ers added metadata features and support for elicitation tasks (Adda et al. 2016). 
We have since extended the interpretation workflow to take advantage of the ca-
pabilities of mobile phones as documentary tools. Image-Gesture-Voice is a mobile-
focused documentary method that records talk and touch gestures prompted by 
phone-captured images (Bettinson & Bird 2018). Mobile devices are also well suited 
for distributing work (i.e., ‘crowdsourcing’). For example, the Dialekt app docu-
ments variation in Swiss-German by distributing tasks and correlating results with 
geographic location (Goldman et al. 2014). Unfortunately, Internet-based crowd-
sourcing systems (cf. Fuchs-Kittowski & Faust 2014) are ill suited for field locations 
that lack reliable network access.

Telecommunications infrastructure in Australia’s remote Indigenous communi-
ties falls far short of that which is available in urban centres (Papandrea 2010). Our 
need to support collaborative work, and to secure data centrally, requires self-con-
tained solutions that operate and support design processes under extreme conditions 
(cf. Vitos et al. 2017). We can infer some of the requirements in similar environments 
such as community-based digital preservation (Scales et al. 2013) and in repatriat-
ing archival materials (Barwick et al. 2019). These include a preference for low-cost 
solutions, for physically robust infrastructure, and for practical utility for Indigenous 
Australians. What are our general expectations for app-based methods in northern 
Australia? Aboriginal Australians are enthusiastic adopters of technology when it 
is available (Featherstone 2013). Mobile smartphones are in widespread use (Shaw 
et al. 2014) but less so as communication devices (Auld et al. 2012) and rarer still 
as personal organisers and educational tools (Edmonds et al. 2012). They are more 
commonly used to create and share media and to play games (Carew et al. 2015). 
This is encouraging in that familiarity with mobile devices is widespread. Neverthe-
less, digital experiences are not universal, and there is the need for inclusive design 
processes (Bird 2018).

The typical technology design practice involves requirements elicitation, product 
development, and user testing (Stone et al. 2005). However, in the case of cross-cul-
tural technology design (Sun 2012), there is a risk of adopting flawed assumptions 
or projecting one’s own values and preferences. Ethnographic methods have a role 
to play to learn more about what might work (Blomberg et al. 1993). Participa-
tory design places an emphasis on the audience throughout the development process 
(Muller & Kuhn 1993). There are fundamental questions to address regarding the 
nature of design participation and how one goes about this in light of the relations 
and ethics of interaction of outsiders and indigenous communities. We adopt Brere-
ton et al.’s (2014) position that typical design practice is incompatible with estab-
lished protocols within indigenous research in Australia and elsewhere (cf. Christie 
2013). Instead, we place engagement and reciprocity first, taking the time to build 
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relationships while exploring the fundamentals of technology engagement. While 
this is uncommon in technology design, engagement and reciprocity are appropri-
ate patterns in linguistic and ethnographic fieldwork generally (Holmes & Marcus 
2008; Grenoble & Furbee 2010).

All fieldwork projects include an initial phase of building relationships and ne-
gotiating common goals. Projects involving technology often deploy a prototype as 
a ‘technology probe’ (Hutchinson et al. 2003). Soro et al. (2016) introduced a digital 
noticeboard in the Anindilyakwa community of Groote Eyland as a “cross-cultural 
dialogical probe.” A recent example of the role of a prototype in establishing rela-
tionships and design spaces can be found in a project to provide language support 
for Kuku Yananji children in a Far North Queensland community (Taylor 2020). 
Starting with a sound-based birdhouse “design non-proposal,” as Taylor calls it, the 
collaboration ultimately produced crocodile friend, an interactive speaking plush toy 
knitted by community members.

3. Context and goals   This work takes place in Arnhem Land, a vast Aboriginal 
reserve in the north-eastern corner of the Northern Territory of Australia. The re-
gion is home to speakers of several Aboriginal languages, but our research focuses 
on Kunwinjku (ISO gup), with around 2,000 speakers. This work was conducted in 
two locations: the township of Gunbalanya and the homeland of Kabulwarnamyo. 
Gunbalanya is the major population centre in West Arnhem with 1,200 mainly In-
digenous inhabitants. It has a store, police station, semi-reliable power, and 4G cel-
lular service. Kabulwarnamyo comprises a number of camp structures with rationed 
solar power, has no cellular service, and is accessible only by air strip or a difficult 
five-hour drive from Gunbalanya in the dry season.

We were invited by the Bininj people to aid with language development ac-
tivities. We obtained sponsorship from the Australian Government for a project to 
develop mobile apps to support cross-cultural communication for Indigenous and 
nonindigenous people in Arnhem Land. This scenario does not neatly fit established 
models of linguistic research collaborations (cf. Czaykowska-Higgins 2009) but has 
much in common with more concrete results-oriented collaborations in health and 
social science. 

Our research collaboration with the Bininj in this context may be specialised 
as ‘ethical’ research (Cameron 1992). Bininj are not the direct beneficiaries of this 
research, but our collaboration is shaped by the needs of ethical practice. Research 
with Aboriginal participation and travel on Aboriginal lands are governed by re-
search permits and ethics protocols that ensure equality and reciprocity (NHMRC 
2018). The Bininj’s participation in this aspect of the project is via paid employ-
ment. Paid work is valued in these communities, which, in common with Australian 
Aboriginal communities elsewhere, experience high unemployment (Hunter 2000). 
We remark further on our ethical responsibilities in the discussion (§7). We aim to 
develop a new kind of speech transcription ‘pipeline’ making use of human and 
computational methods to improve transcription efficiency for small languages (Bird 
2020; Le Ferrand et al. 2020). Typically, research practice in the language technology 
domain is specialised towards computational processing. In contrast, our group has 
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a broader interest in the design of language technology systems. This is research-
through-design (RTD), a research methodology where we acquire design knowledge 
and address emergent issues, technical or otherwise, while seeking to create the ‘right 
thing’ (Zimmerman et al. 2007).

Outsider-focused research, as we’ll call it, is also a vehicle for acquiring a range 
of competencies we require to make progress on language development products. 
We note some parallels with advocacy research, where we are asked to deploy our 
skills on behalf of the community (Cameron 1992: 15). Here we have in mind the 
positive social-impact potential of locally designed digital resources, reflecting the 
necessity of addressing community wishes within the research-by-invitation context 
of collaborations with the Indigenous people of Arnhem Land.

4. Designing to act with technology  In this section, we discuss the design of digital 
field tools. The traditional approach is to adapt existing methods into tools, such as 
Aikuma’s implementation of BOLD (§2). Here we assign fieldworkers the role of 
‘user,’ and all that remains is for designs to meet certain measures of quality, osten-
sibly usability (cf. Nielsen 1994), primarily through well-established human-centred 
design processes (Maguire 2001).

On the face of it, we aim to design artefacts that aid in the performance of field-
work activities. Technology design can be myopic regarding the centrality of technol-
ogy (cf. ‘instrumentalism’ Taylor 2020: 121). Interaction design is a useful framing 
because it represents broadening of the scope of traditional HCI and a reorientation 
towards technology assisting people in their lives (Preece et al. 2015). We adopt a 
broad definition of interaction design described by Winograd (1997: 156) as “the 
design of spaces for human communication and interaction.”

Much of what is relevant for app design can be drawn from prior work on 
tools and their role in human activity. Activity theory emerged as a framework to 
understand human activities and the role of tools as mediating artefacts in human 
interaction with the world (Vygotsky 1978). Verenikina (2010: 20) noted that tools 
are “social objects with certain modes of operation developed socially in the course 
of labour and are only possible because they correspond to the objectives of a practi-
cal action.” Kaptelinin & Nardi (2006: 10) described a number of tenets of activity 
theory relevant for acting with technology: an emphasis on human intentionality, 
the asymmetry of people and things, the importance of human development, and the 
idea of culture and society as shaping human activity.

Lab-based designs are unlikely to be a perfect fit for the way fieldwork activities 
evolve in practice. We offer a specific example relating to our observation that Bininj 
prefer group-based activities. Traditional mobile app design is heavily influenced by 
the individualist construct of device ownership in mainstream audiences (cf. Sun 
2012: 213). When we held app-using workshops in Kabulwarnamyo, news quickly 
spread. Bininj soon gathered and wished to be involved. We saw that they would 
team up to use one device/app and split tasks such as one talking and one operating 
the controls.
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A number of Bininj recorded themselves in the lexical elicitation app (§6.3), but 
we lacked a way to identify all of the speakers who had taken part. We needed to 
identify speakers to document informed consent and because it was important for 
our speech-processing research.

We proposed a modified design that accommodates the form of interaction pre-
ferred by Bininj while also meeting our own research and ethics requirements (Figure 
1a). The new design features a speaker identification mechanism that replaces the 
single record button with a row of profile portrait buttons (Figure 1b). In this design, 
Bininj press the portrait that corresponds to the person speaking, whether it is the 
button-presser who is speaking or not. There is a plus button to add new people and 
a series of modal views (pop-ups) to select a participant from a larger list and to add 
people via the tablet’s camera.

5. The BushPi/Sandboard platform   In this section, we describe a platform for de-
ploying digital field tools, composed of hardware and software for self-sufficient col-
laborative work via mobile devices. We describe BushPi, a custom, fabricated server-
in-a-box, in relation to design constraints shaped by the environmental challenges of 
fieldwork in remote West Arnhem. After setting out data storage and access require-
ments, we present an architectural overview of the BushPi/Sandboard platform.

5.1 BushPi   Any programme of remote technology deployment must be self-suffi-
cient. This is not new – fieldworkers have long made plans to provide electrical pow-
er for recorders, cameras, and laptops. We are particularly drawn to crowdsourcing-
like collaboration where tools support people acting in concert at the same time 
(concurrency) but not in lockstep (asynchronous). For this, we require a server to act 

Figure 1. A paper mock-up of proposed changes for the Sandboard elicitation app

(a) The existing elicitation app with 
design change annotations

(b) A proposed speaker selector to 
support multioperator collaboration



Language Documentation & Conservation  Vol. 15, 2021

Collaborative Fieldwork with Custom Mobile Apps 417

as a coordinating hub and data repository. While industrial Internet servers are large 
and expensive, the ubiquitous Wi-Fi router in broadband-connected homes is also 
a small Internet server.2 Along these lines, we designed a custom battery-powered 
server and Wi-Fi hotspot called BushPi.

BushPi comprises a Raspberry Pi 3B+ or 4B+ computer, lithium-ion batteries, 
electronics, and a cooling fan. The components are housed in a custom enclosure, 
3D printed in tough ABS plastic (Figure 2). The most recent Raspberry Pi 4 has more 
than adequate computational resources for our needs yet consumes less than three 
watts of electrical power. Battery life ranges from eight to twelve hours. The material 
cost is in the region of US$120.

BushPi runs a set of industry standard server software components on the Linux 
operating system. This function could also be performed by a laptop computer. The 
advantages of BushPi are cost, repairability, and portability. We have also come to 
recognise that the tangibility of the BushPi hardware has been beneficial for over-
coming the intangibility of digital solutions, as we explain next.

5.2  Storage and access   All documentary projects must account for the data that 
are collected and agree how they are accessed, by whom, and for what purpose. In-
digenous data sovereignty is related, as Kukutai & Taylor put it, to:

[…] indigenous peoples’ right to maintain, control, protect and de-
velop their cultural heritage, traditional knowledge and traditional 
cultural expressions, as well as their right to maintain, control, pro-
tect and develop their intellectual property over these. (Kukutai & 
Taylor 2016: xxii)

2 In a 2013 field trial of the Aikuma mobile app in Papua New Guinea, Hanke (2017: 138) used a ge-
neric Wi-Fi router powered by a car battery. Each phone uploaded data to the router over FTP.

Figure 2. Exploded view of the BushPi hardware
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Digital storage via networks has an important role to play in the function of 
fieldwork activities. However, the intangibility of data infrastructure presents a chal-
lenge for seeking agreement and negotiating access. The ‘cloud’ is an abstract notion 
of distributed storage over a network that says nothing about where data reside. 
Assurances about security and access must be taken on faith. There are some advan-
tages conferred by the centralised storage model of BushPi. Everything is stored on 
an SD memory card; nothing is stored on client phones and tablets. Removing and 
handing over the card is a physical act demonstrating the transfer of data.

BushPi utilises a simple and transparent file-based storage scheme. Structured 
data are stored as (somewhat) human-readable files in JSON format (functionally 
similar to XML). This approach ensures it is reasonably straightforward to access 
and transform the data for other applications in the future.

5.3 Architecture   BushPi acts as a Wi-Fi access point and server in a client-server 
network structure. The basic architecture of the system is shown in Figure 3. Tablet 
computers connect to BushPi to retrieve the Web app (§6). Administrative access is 
similarly via Wi-Fi. BushPi connects to the Internet via a USB cellular data modem or 
wired ethernet. There is value in such an arrangement for ensuring the safety of data 
and maintaining deployments that are left in the community, subject to data-access 
agreements.

The software architecture is given in Figure 4. The operating system, software 
components, and documentary data are stored on a large-capacity memory card. 
The software stack is based on open-source components including the Nginx Web 

Tablets

Local Wi-Fi

Administration Backup Cellular WAN (optional)

Cloud Server

Figure 3. Schematic architecture of a BushPi deployment
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server, NodeJS for the custom server application, HostAP to emulate a Wi-Fi access 
point, and NeDB for the JSON-based database. The client software is called Sand-
board, so named because we conceive of it as a canvas for short-lived field tools.

Sandboard connects to an application programming interface (API) provided by 
the NodeJS server application. Real-time collaboration is achieved via a persistent 
connection to the server. The client software stack utilises the Angular web applica-
tion framework and mobile user interface elements from the Ionic Framework. Sand-
board displays a series of tabs to allow rapid switching between the apps described 
next.

6. Sandboard apps   In this section, we describe a series of apps deployed in the 
course of fieldwork in West Arnhem, presented in the order they were developed. We 
describe the purpose of each app with a design overview and evaluation. As a tactic 
to oppose instrumentalism, we avoid giving a proper name to each app. They are 
instead referred to by the action they support.

Figure 4. The BushPi software stack: Apps and data reside 
on a removable micro-SD card

(a) Main view showing previously 
created items

(b) Creating a new item

Figure 5. Two views in the app for talking about pictures
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6.1  Talking about photos   This app is a tool for recording talk about a photo. It 
was intended to raise awareness of collaborative documentary tasks and to explore 
tool-using interactions with Bininj. Inspired by the design non-proposal approach 
(Taylor 2020: 93), we focused on a generic capability without any specific use case.

The main view displays a scrolling grid of photos representing a complete list 
of items created by all (Figure 5a). Pressing the plus button on this view prompts 
the operator to import a photo or take a photo, whereupon the app launches the 
recording activity (Figure 5b). The operator records a description of the photo then 
reviews the recording, and if accepted, the app returns to the main view. The new 
item immediately appears in the grid view of the device and all other devices con-
nected to the BushPi. Anyone may tag the items in the collection, and the collection 
can be browsed according to these tags.

We introduced the app in a workshop in Kabulwarnamyo in the early dry season 
of 2019. Bininj were invited to take part in a documentary activity, beginning with 
choosing topics/photos to talk about (Figure 6a). Then, carrying BushPi with us, 
Bininj went to the appropriate places to take photos and record a description of the 
photo (Figure 6b). Finally, we returned to camp and reviewed the items created by 
everyone (Figure 6c).

We invited participants to think about their own use cases. The teachers said 
that it could be used in the school’s language and culture curriculum, and children 
could be sent out to document places and material culture. They could also use stock 
photos, prompting children to display their learning by talking about images from 
an existing collection. The rangers said they could use it to document their work 
during the day and share it with others when they returned to camp in the evening. 
We also identified a further use case where nonindigenous Warddeken Land Man-
agement staff work with Bininj to create items to support oral language learning.

We learned that collaborative tool-using interactions occupy a middle space 
between nondigital collaborative activities and digital social media. While Kabul-

Figure 6. Workshop in Kabulwarnamyo: Talking about pictures (May 2019)

(a) Warm-up activity: 
Choosing pictures to talk 
about

(b) Photographing a 
significant location for 
discussion

(c) Playback of items 
created by others
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warnamyo has no Internet, some Bininj know social media because they spend time 
in regional towns. Bininj did not seem surprised by the capability but appreciated 
the shared content nevertheless. Having experienced a plausible tool-using activity, 
Bininj were comfortable imagining how a similar activity/tool might be used else-
where.

These activities provided the opportunity to observe Bininj using the tools. This 
led to the observation that Bininj preferred to work in groups to the extent of mul-
tioperator interactions as discussed earlier (see §4). We initially expected Bininj to 
take photos and record back at base camp later. However, they preferred to record 
at the moment of taking a photo. This meant carrying the BushPi so the tablets were 
in range. These observations became part of the design knowledge we carry forward.

6.2  About people   This app was intended to be a way for non-Aboriginal partici-
pants to learn about their Aboriginal colleagues, particularly the skin names as these 
are the preferred terms of address. The app is essentially a directory of people that 
includes a portrait along with identities such as skin name, clan name, and moiety.

We may infer a general use case relating to ethnographic fieldwork. The linguist 
or ethnographer could hand out some devices and arrange for people to enter their 
details and to collect details for others. Once again, the general interaction is col-
laborative and multioperator, such that some may operate the device and type on 
a (virtual) keyboard while others provide knowledge and check details. All partici-
pants can see the information that is being collected.

The app displays a grid of photos on a main organising view similar to the talk-
ing about photos app (Figure 7a). The photos are portraits of people in the commu-
nity, both Bininj and nonindigenous, with their European names appearing under-
neath the photo. Touching a portrait photo launches a view that displays a scrolling 
list of fields (Figure 7b). There is a button to launch an editor view with appropriate 
UI elements for free text entry, and ‘drop-down’ elements for selecting a predefined 

(a) Main view showing a list of people, 
portraits blurred for publication

(b) The view/edit screen

Figure 7. Two views in the about people app



Language Documentation & Conservation  Vol. 15, 2021

Collaborative Fieldwork with Custom Mobile Apps 422

field value. Edits to fields are immediately propagated to other devices, such that oth-
ers viewing the same profile will see it refreshed immediately.

Bininj were interested in using the app to explore profiles and to see themselves 
in the app. When they wished to make changes, they struggled with the on-screen 
keyboard. Even with the larger format of the tablet, it was easy to mistype or to close 
the keyboard inadvertently. As the novelty wore off, there was no reason for further 
engagement with the content since the identity information is common knowledge. 
Nevertheless, the tool remained a useful mechanism to record the details we required 
as part of everyday interaction with Bininj. Documentation in the open provides 
ample opportunity for cross-checking and achieving clarity about what is being col-
lected and for what purpose.

6.3  Recording words   The recording words app replicates the common lexical 
elicitation fieldwork task. The app was developed to establish a spoken lexicon of 
Kunwinjku. The collection of this data was motivated by parallel research interest in 
interactive speech transcription. It is modelled on a crowdsourcing-like task where a 
large volume of work is distributed among independent work sessions.

The main view of the app displays a precompiled word list with Kunwinjku 
words, English translations, and the number of recordings gathered for each item so 
far (Figure 8a). From here, the operator may begin the recording activity (Figure 8b). 
The Kunwinjku word is displayed prominently with an English translation under-
neath. The operator need only press and hold the record button to speak the word 
and thereafter confirm or cancel/repeat the recording.

We invited Bininj in both Kabulwarnamyo and Gunbalanya to use the app. The 
interaction began with us explaining the purpose of the app and then demonstrating 
how this is achieved by pressing the controls and asking our Bininj partners to speak. 
Once they had grasped the task, they proceeded by themselves while we moved to 
interact with another Bininj, and so on. We found that app training would spread far 

(a) Main view showing the list of words (b) The recording activity, with 
navigation and record buttons

Figure 8. Two views in the app for eliciting words
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more effectively as Bininj demonstrated how to perform the task to other Bininj sit-
ting with them using Kunwinjku. We were encouraged by the effectiveness of asyn-
chronous collaboration and the volume of work that could be performed rapidly.

A noteworthy interaction came about in situations where we were personally 
involved in training or operating the app with Bininj partners. In these situations, 
Bininj often provided (unrecorded) commentary on the Kunwinjku-English word 
association presented on screen. With Kunwinjku literacy being uncommon, English 
translations were included in the app design to make it easier to identify the cor-
rect word. However, Bininj’s attention was drawn to the familiar English, no doubt 
contributing to the task interpretation we encountered. While this was somewhat 
detrimental for the efficiency of the word elicitation task itself, as language learners 
we were grateful of the freely offered commentary on Kunwinjku. A later revision of 
this app removed the English translation (Figure 1a). 

Some Bininj we met have a desire to acquire literacy in their own language, and 
the second author has established language and literacy workshops to help with this 
goal. In this context, we note that apps that play back recordings and display Kun-
winjku orthography are also providing an opportunity for reading practice. We are 
coming to understand the importance of literacy aspirations for interaction design.

6.4  Is it right?   This app implements an elicitation confirmation task to confirm 
lexical identity and was intended to support our work on computational speech 
processing and transcription. This is achieved by asking a Bininj to confirm whether 
a Kunwinjku word displayed on screen occurs within a brief recording. We took 
a similar crowdsourcing-like approach to the recording words app, where there is 
work that is distributed among many participants. This time, we need only a single 
response for each item distributed between devices.

Figure 9. The is it right? app for confirming lexical identity
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While we are pleased with the quantity of data collected through the recording 
words app, it is far short of the volume of data typically required for computational 
machine learning approaches. We are investigating an alternative approach that is 
conceptually closer to the way in which a linguist goes about describing a language 
(i.e., through a smaller volume of targeted recording and elicitation events). The app 
presents automatically identified words within untranscribed speech by means of a 
computational approach known as word spotting. As Bininj confirm or reject each 
candidate, we use this knowledge to train the system to achieve better results.

The app displays a Kunwinjku word on screen with two play buttons on the left 
(see Figure 9). The bottom button plays the word in isolation while the other plays a 
longer recording including the word in context. The participant’s task is to confirm 
whether the word, as spoken in the recording, is the same word as the one displayed 
on screen. They may play the isolated or in-context recordings as often as they like 
until they have the confidence to press the thumbs-up or thumbs-down button on the 
right-hand side of the view.

We recruited Bininj to take part in sessions where we would operate the app 
based on their input. Once again, the most noteworthy aspects of the interaction lay 
outside of the technology. Bininj interpreted the task as an opportunity to correct our 
misunderstanding of Kunwinjku, just as our personal involvement effected Bininj 
task interpretation for the recording words app. While this must surely be stagger-
ingly obvious to experienced fieldworkers, the individualism inherent in mainstream 
technology design creates certain blind spots for technology designers, which we 
must strive to address.

The context here is that Bininj are very hospitable and helpful for outsiders 
showing an interest in their language and culture. With experience, relationship 
building, and self-reflection, we can understand how this task interpretation comes 
about. When the app (the thing that we outsiders are physically holding in this ac-
tivity) offers word candidates that are wrong, Bininj assume these are our mistakes, 
and, in a sense, they are. The mistakes are often plausible human learner errors after 
all. While we explained that the errors are those of a computer, Bininj’s experience 
of human language acquisition is a stronger reality than one of invisible Kunwinjku-
learning machines.

Bininj told us why something was wrong, not just that it was wrong. We could 
remove ourselves from the activity, moving away from natural interaction because 
computers prefer large volumes of yes/no responses. Yet we are not inclined to adopt 
this crowdsourcing-like agenda. When Bininj perceived a task as helping us person-
ally, they were enthusiastic participants. One is it right? session (Figure 10) exceeded 
an hour and a half. By contrast, we found Bininj could lose patience with a solitary 
word elicitation activity in as little as five to ten minutes.

If the choice is to force Bininj to endure a dull task versus finding a way to make 
use of an enjoyable task, the latter is practically and ethically the only acceptable 
course of action. The app turned out to be passingly effective at eliciting simple yes/
no responses but exceptionally good for eliciting valuable learner-directed speech. 
This challenges us to rethink app-based interactions for training computer systems. 
Our experience suggests that collaborative fieldwork tools are more practical when 
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they support the richness of human interaction rather than robotic models of auto-
mated data collection.

7. Discussion   We investigated fieldwork tools as part of a multifaceted project with 
the Bininj people of West Arnhem. Supporting cooperation through tool use is now 
so common as to be the de facto paradigm for data-centric work in the modern era. 
BushPi is little more than a collection of Web apps with additional hardware to bring 
the Web with us wherever we go.

Were there a suit of production-grade fieldwork tools, similar to Flex or Say-
More, and a turnkey solution for establishing a network, then we have no doubt that 
these tools would be freely adopted for many other regions, peoples, and languages. 
Yet the reality of language fieldwork is that there is not an abundance of tool de-
velopment for this niche and little in the way of market forces to change this situa-
tion. The only way these tools will appear is if fieldworkers and their organisations 
decide to self-build or commission external developers. We ought then to ask what 
is involved and when such a course of action is justified, and to address some of the 
practical matters of replicating this work.

There is no getting past the need for software development skills. Then there 
is expenditure of effort by fieldworkers and communities themselves. This will cost 
time, money, and social capital, so how might this be justified? Larger organisations 
might justify the investment based on efficiency gains and process regularisation 
across multiple deployments. The investment is more difficult to justify for smaller 

Figure 10. A session under a mango tree in Gunbalanya, West Arnhem, featuring a 
student interviewer/operator with a tablet, Bininj consultant, and the second author 

with a video camera
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organisations. The BushPi solution we described show that toolmaking can be af-
fordable, but the lack of precedent means that investment in toolmaking remains a 
risky proposal.

There is no intent or implication to cede authority to technologists. In a global 
accounting of resources, there is no lack of abundance of technologists but the same 
cannot be said of fieldworkers. Fieldworkers are vital as intercultural and interdis-
ciplinary mediators, negotiating practical solutions plied through relationships and 
design innovation. They often do many more kinds of work than they expected at 
the start of their careers. We recognise that adding technology design to their role is 
adding yet another genre of work for which they were not trained.

Our position is not to compound this situation, but rather we argue that field-
work projects should be larger, they should be interdisciplinary, and fieldworkers 
should be supported so they can do what they do well. Many relevant organisations 
are educational institutions with a research mandate. Toolmaking (and the sum of 
involved actions) is a natural locus of research through interdisciplinary collabora-
tions. Engineering, IT (information technology) systems, and HCI researchers are 
often receptive towards new applications and audiences, particularly where there is 
a positive social impact. Research topics include participatory cross-cultural technol-
ogy design, rugged or remote environments, technology for development (ICT4D), 
and more.

Another way to affect change is to foster talent within the interdisciplinary di-
vide. Ideally, we might wish for a new kind of designer who spends as much time in 
the field as a field researcher. This is not common practice within the IT field, nor 
are technical design skills common in ethnographic fieldworkers. We might nurture 
a future generation of embedded designers with cross-cultural competencies, sup-
ported through graduate programmes drawing on interdisciplinary supervision from 
the humanities and IT.

The value of toolmaking should be understood as the sum of tool-using practice 
and the design, technical and human capabilities that flow from the toolmaking 
process. In Australia, there is rising awareness of the need for additional educational 
pathways for Aboriginal Australians. Fostering digital resource skills in communities 
offers economic opportunities and increased agency. There is much more work to be 
done to reframe fieldwork and research as a transfer of skills. As the Bininj taught us, 
the best way to learn something new is by watching, then doing, together.

8. Conclusion   We described a self-contained platform for collaborative digital tools 
for documentary tasks and a series of custom apps to support our research col-
laboration with the Bininj people of West Arnhem. By building on a series of classic 
fieldwork tasks, we showed that tool-using interactions are the source of knowledge 
for iterative tool design. Purpose-built tools have several benefits, ranging from co-
operative support for field-based workflows or supporting entirely new forms of in-
quiry. Establishing a productive design space can be achieved in the most challenging 
of environments. Recognising the primacy of human interactions and relationships 
over technology is critical.
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Augmenting fieldwork projects with technology design is a challenging propo-
sition for fieldwork-active organisations. We argue that the talents and knowledge 
of fieldworkers and community members are the most critical resource in this area. 
There is a pressing need to establish partnerships between fieldwork veterans and 
technologists through interdisciplinary collaborations. Further research and action 
are required to establish fresh talent in digital resource design, within our institu-
tions, and particularly within the communities in which we work.
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