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Abstract

Environmental challenges are rarely confined to national, disciplinary, or linguistic domains.
Convergent solutions require international collaboration and equitable access to new tech-
nologies and practices. The ability of international, multidisciplinary and multilingual
research teams to work effectively can be challenging. A major impediment to innovation in
diverse teams often stems from different understandings of the terminology used. These
can vary greatly according to the cultural and disciplinary backgrounds of the team mem-
bers. In this paper we take an empirical approach to examine sources of terminological con-
fusion and their effect in a technically innovative, multidisciplinary, multinational, and
multilingual research project, adhering to Open Science principles. We use guided reflection
of participant experience in two contrasting teams—one applying Deep Learning (Atrtificial
Intelligence) techniques, the other developing guidance for Open Science practices—to
identify and classify the terminological obstacles encountered and reflect on their impact.
Several types of terminological incongruities were identified, including fuzziness in lan-
guage, disciplinary differences and multiple terms for a single meaning. A novel or technical
term did not always exist in all domains, or if known, was not fully understood or adopted.
Practical matters of international data collection and comparison included an unanticipated
need to incorporate different types of data labels from country to country, authority to author-
ity. Sometimes these incongruities could be solved quickly, sometimes they stopped the
workflow. Active collaboration and mutual trust across the team enhanced workflows, as
incompatibilities were resolved more speedily than otherwise. Based on the research
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experience described in this paper, we make six recommendations accompanied by sug-
gestions for their implementation to improve the success of similar multinational, multilingual
and multidisciplinary projects. These recommendations are conceptual drawing on a singu-
lar experience and remain to be sources for discussion and testing by others embarking on
their research journey.

1 Introduction

Environmental challenges such as biodiversity decline, climate change, and viral pandemics
rarely stop at national, disciplinary, or linguistic borders. Instead they usually demand interna-
tional collaboration to find convergent solutions [1, 2]. To discover such solutions it is neces-
sary to bring together experts with different, but pertinent, disciplines and skill sets, and to
enable access to and sharing of data and information across geographic and cultural bound-
aries. These requirements were advocated in the UNESCO Recommendation on Open Science
in 2021 [3], which also emphasised the need to ensure that multilingual scientific knowledge is
openly available, accessible, and reusable. International collaborative research benefits the
researcher as well as being for the common good [4], but the lack of a common frame of refer-
ence can greatly impede collaboration and often requires the development of new frameworks
based on a common language or ontology [5, 6].

Groups of experts are commonly brought together (or come together of their own volition)
to pool their expertise and knowledge to generate innovative, novel insights and potentially to
achieve solutions [7]. Such diverse, often multidisciplinary, research teams are usually created
in response to a problem: members are deliberately chosen with relevant skills and expertise to
contribute to a solution, while keeping in mind other factors, such as organisation, country,
and life situation [8]. Teamwork of any sort, however, is not simple; effective teamwork does
not magically happen and can be impeded by lack of communication among parties for several
reasons. These reasons, if identified, can be negotiated and their effects reduced. If not, they
can be a breakpoint for the group. The physical separation of group members creates logistic
problems, and if collaboration is remote only, time zone challenges can be prohibitive [9, 10].

The information generated to analyse and derive solutions is still siloed in different lan-
guages and locations throughout the world [11, 12]. Although English is the most commonly
used international scientific language, and having such a language certainly facilitates commu-
nication [13], much information of value in biodiversity conservation, for example, is pub-
lished in other languages and consequently overlooked [13-16]. Taking into consideration the
variety of terms and concepts across languages and cultures has been argued to lead to better
conservation decisions [16, 17]. Equally, not conveying results in a multiplicity of languages
can impede efforts to conserve and protect a species. A lack of recognition of the semantic
diversity involved within and across languages undoubtedly affects practice [12-18]. Asa
means to mitigate such knowledge gaps, it has been suggested that researchers and the schol-
arly literature should aim to be linguistically inclusive by, for example, providing non-English
language abstracts [19, 20] and improving translation tools [11]. Good translations, of course,
occur at the concept level, not as a simple word-for-word translation, a limitation of most on-
line translation tools [21]. Fundamentally, language is not a precise tool that can be used to
accurately express all concepts, but rather a collection of words and phrases that can be used to
refer to a variety of different concepts, which can lead to confusion and misinterpretation [22].
Words and phrases have potentially different meanings in the minds of the communicator and
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the receiver, and their interpretation will depend on the context in which they are expressed.
Paying attention to, and asking questions about, the words people use can point to repeated
patterns, or touchstones, as well as sticking points that shape collaborations [23].

As multidisciplinarity is becoming the norm in research projects, its emergence is condi-
tioned by the willingness to overcome disciplinary and linguistic barriers. A desire to learn
from other fields of expertise is key to shared (convergent) data-driven ways of working, and
transformative practices [24, 25]. Communication among team members, and understanding
the different practices of each member, is modified by the prism through which each views the
world. This can be affected by nationality, disciplinary background or sphere of expertise
within that discipline. For effective multinational and multidisciplinary collaboration to occur,
each party needs to have some cognisance and understanding of the different languages’ used
by their fellow researchers, and they often need to engage in active co-interpretation.

2 Potential terminological challenges

Researchers from different domains often have their own discipline-specific terminology, con-
sider different types of data more important than others, or deem different kinds of analyses as
being more valid [26]. Such barriers can be syntactic (different formats of information),
semantic (different groups assign different meanings to information), or pragmatic (different
groups have different practices or interests) [27]. Disciplinarily defined language often resides
exclusively within a community and is disconnected from upper-level knowledge. If semantic
inconsistencies exist but are poorly identified or unknown, they can lead to misunderstanding
and misuse, and ultimately impair data management itself [10]. High levels of disciplinary
diversity can reduce the functionality of a research group [8, 28], especially if there is signifi-
cant cognitive distance between the disciplines and insufficient time or willingness among
group members to bridge the gaps [24, 29].

As Earth observation data and products increase in availability, it is common for research-
ers from the computer sciences (data, model sciences or Artificial Intelligence - AI) to use
these products in their work. Without appropriate expertise, however, the input data and the
interpretation of any analysis can be challenging. The opposite pattern can also occur as more
and more computer models are made available and used by people lacking expertise in AL
Modelling in multidisciplinary space requires input from all participants to ensure model
validity, relevance, transparency and acceptability [30]. The rewards of overcoming disciplin-
ary boundaries are well recognised with enhanced intellectual stimulation and novel outcomes
occurring when interdisciplinary teams function well [31-33].

It has been found that increasing the number of countries represented in a research group
results in the degree of innovation in the group being reduced [8]. Participants from different
countries with different languages and ways of working can have communication and cultural
challenges that take time to overcome [8, 34]. An often overlooked component resulting in dif-
ficulties in international collaborations is the different terminology used for in-country admin-
istrative units such as provinces versus states, and villages versus towns. Cross-country
comparisons depend on the quality of aggregation which can affect the granularity and accu-
racy of information [35].

Globalisation of research requires interoperability of observations and experimentation sys-
tems [22, 36]. Programming and data languages present a challenge, especially for machine
discoverability. Developers are often experts in only one programming language (e.g. Python,
C++, or R) and it can be challenging to use code that has been developed by another
researcher, even in a known language. It is even more difficult to use code developed in an
unfamiliar programming language. Increasingly researchers are using (with attribution) code
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that is openly available and converting it to a more familiar programming language for the
purpose of reproducing experiments [37]. The diversity of programming languages, program-
ming styles, and frameworks, even in a familiar computer language, can be very limiting and is
certainly opaque to non-experts.

To improve sharing and interoperability of data, software and workflows across research
teams, common FAIR (Findable, Accessible, Interoperable and Reusable) vocabularies that are
both human and machine-readable have been proposed [38, 39]. These are intended to enable
data interoperability and meta-analyses, even when data or software have different origins and
are based on multiple vocabularies (as per FAIR Principle 12) [38].

3 Rationale

Learning from experience (experiential learning) is a fundamental way teams improve their
practice. Observation and reflection on the root causes of problems and dysfunctional work-
flows can result in adjustment of practice, and new implications for action can be drawn [40,
41]. Individuals in software development teams learn during the work by reflecting on the pro-
cess (reflection in action), but also after the work is either fully or partially completed (reflec-
tion on action) [42]. Continual adjustment of practice in response to internal and external
feedback is fundamental to Agile Project Management, a well-accepted method of experience-
based modification of practices in the software community [43]. Too often, however, work
practices are adjusted ‘on the run’ and little is learnt from the experience for future reference
[42]. The experiential learning process for a research team is illustrated in Fig 1. This is in con-
trast to the pattern for industry, for example, where the process becomes a repeated cycle, in
each case the next iteration benefitting from the learning of its predecessor. Research projects

experiential learning

ouilds concrete
future experience
experimentation ‘

performs
research team
e _ assimilation reflective
conceptualization el e SleEE Vel o
distillation

Fig 1. Model of the experiential learning process.

https://doi.org/10.1371/journal.pone.0311967.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0311967 December 5, 2024 4/23


https://doi.org/10.1371/journal.pone.0311967.g001
https://doi.org/10.1371/journal.pone.0311967

PLOS ONE

Achieving a common research language in multinational, multilingual, interdisciplinary work

usually finish when the funding runs out, so it remains for others to take advantage of the
learning gained.

Adapted from [44, 45]

In this paper we use participant observation and reflection of their research experience as
our research strategy [24, 40, 46]. We use a case study strategy, ideally suited to in-depth explo-
ration of phenomena and for constructions of theory in its real-life (natural) context [4, 46, 47].
Our exploratory case study (sensu [48]) consists of two workflows within a multi-disciplinary
and multinational research project. The research questions we posed are: (a) what are the termi-
nological obstacles encountered, (b) are mismatches in language concepts due to disciplinary
differences, native language, or country-specific nomenclature, and (c) what is the impact of
these obstacles on the two workflows. From this structured experiential learning we propose
ways to anticipate and overcome similar terminological stumbling blocks for future testing.

4 Case study

We examine the experience of two teams within a technically innovative, multidisciplinary,
multinational, and multilingual research project aiming to be an exemplar of Open Science
practices, the PARSEC project, ‘Building new tools for data sharing and reuse through a trans-
national investigation of the socioeconomic impacts of protected areas’ [49, 50]. PARSEC was
an international Belmont Forum-awarded research project under a Coordinated Research
Action on Science-driven e-Infrastructure Innovation. The 38 team members and six associate
members were drawn from Brazil, France, Japan, the United States of America, and Australia.
Two postdoctoral researchers and several short-term researchers were funded through the
project. PARSEC ran from 2019 until 2024—notably encompassing the Covid19 travel restric-
tions—and was divided into two interrelated components: one pursuing a scientific objective,
the other pursuing e-infrastructure innovation according to Open Science principles.

The core scientific investigation (carried out by 25 Synthesis Science Strand’ members)
examined the socioeconomic effects of creating marine and terrestrial protected areas. This
approach required combining and analysing existing remote sensing data with existing socio-
economic data using Al and other tools. The goal was to develop robust methodologies capable
of estimating trends in socioeconomic indicators from remote sensing imagery. The 13 ’Data
Science Strand’ members were charged with developing recommendations for data and code
curation through interaction with the Synthesis Science Strand team and the wider research
community. The goal was to remove barriers to data reuse by promoting best practices
throughout the research data life cycle compliant with Open Science principles.

The disciplinary range in PARSEC was considerable, with specialists in data science,
research data management, remote sensing data analysis, Al, machine learning, Deep Learning
(DL), spatial systems, socioeconomics, wildlife biology, and ecology. The majority of team
members had experience working with a variety of data types, from observational, spatial,
remotely sensed to socioeconomic data. Most team members had experience working on more
than one type of data. Half of the team members at the beginning of the project had limited
experience in Open Science data practices [51].

The work of the Synthesis Science Strand started with an assessment of the use of Convolu-
tional Neural Networks (CNN) to estimate poverty in a sample of east African villages [52],
and an exploration of using Google Street View to detect socioeconomic conditions in an area
of Brazil using DL methodology [53]. Code developed for the project has been made openly
available [54, 55]. The Data Science Strand started work with a general introduction to the
FAIR Principles and the steps required to account for them throughout a project [56] and
examining best practices for reproducibility of DL experiments [37]. The Data Science Strand
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established various tracksheets for data and software use and for outputs and a project ’dictio-
nary that was shared in a common on-line workspace.

Challenges due to the international and multidisciplinary nature of the work occurred (a)
in the development and application of the DL model, and (b) in the preparation of guidelines
for our multilingual researchers. The experience of the teams facing these two challenges are
the focus of this paper and they will be referred to as the 'DL’ and ’Checklist’ teams.

4.1 DL team

The DL team was dedicated to leveraging advanced machine learning techniques, particularly
DL models, for the analysis of remote sensing imagery in Brazil, Japan, and several countries
in east Africa. The six DL team members were situated across France, Brazil, and North Africa.
None of the DL team members were native English speakers, but all were computer scientists
or engineers with high-level expertise in the use of Al to elucidate patterns across different
types of data. The team used the English language to collaborate. Five of the members are
authors of this paper (MC, PPC, R], JM, GS).

At the start of the project there were various meetings and workshops across the whole
PARSEC team to understand the main goals. The most important task was to collect data so
that a first data exploration could be conducted. Given the complexity of DL techniques, a
generic workflow was adopted by the DL team (Fig 2). The stages of the workflow were:

1. Data collection in which remote sensing and socioeconomic data are gathered for training
and validation;

2. Pre-processing and cross-validation tasks, such as data cleaning, integrating poverty indica-
tors, and splitting the data for validation;

3. DL model experiments tailored to our specific objectives; and

4. Evaluation to assess the performance of the DL models, ensuring robustness and efficacy in
analysing remote sensing data for socioeconomic estimations.

4.2 Checklist team

The Checklist team was composed of a PARSEC Data Strand team member from each funding
country (Brazil, France, Japan, and the United States: SSantos, LM, NM and SStall respec-
tively). This team comprised members with considerable expertise in journal publication (i.e.
SCIELO, AGU), methods of attribution and provenance (e.g. ORCID), all underpinned by
data management expertise. As the PARSEC common language was English, the Checklist
team used English as its primary language.

At the time the Checklist team was forming, and the format of the Open Science guidance
was being considered, the team converged on the concept of a concise list or set of tasks—a
Checklist—that could be quickly understood by a researcher. The team had collectively found
that this technique was effective in providing guidance and helping researchers learn and
implement new practices efficiently. Checklists are recognised as useful support tools in the
implementation of complex processes, helping to summarise information in a concise manner
by breaking them down into a series of clear and actionable steps [57]. In PARSEC they needed
to be as generic as possible for the scientific and technical elements to be relevant to the wider
scientific community.
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‘1. Data collection '

Remote sensing data Socioeconomic data

Pre-processing Wellbeing indicators

|—> Data Split <J

3 Deep Learning experiment i 4. Evaluation

Deep Learning
Architecture design

Training Optimisation __,_) Evaluation

Estimation of the
hyperparameters

Fig 2. Flowchart for socioeconomic wellbeing estimation using remote sensing data and DL approaches. The general
components are in bold while the steps of the DL workflow are shown in the boxes (adapted from [37]).

https://doi.org/10.1371/journal.pone.0311967.g002

Working iteratively, and informed by experiences with the PARSEC Synthesis Science
Strand, the team organised the elements of Open Science specific to data and software manage-
ment into two levels and produced three checklists for each (Fig 3):

A. Elements that a researcher can control directly (1: data presence, 2: data documentation,
and 3: software documentation)

B. Elements needed by a research team and their leader (4: open science practices, 5: resources
and guidance, and 6: digital objects preservation).

The expertise of one of the post-doctoral team members, a native Spanish speaker, was har-
nessed to provide initial input. Updates were made in consequence to this and feedback from
other PARSEC members. The initial English version of each checklist was published in the
PARSEC Zenodo community [58-64]. The completed checklists were promoted through the
Data Science Strand’s networks and the feedback received informed revisions of each checklist
which were then re-published in Zenodo under version control (Fig 3).

After strong positive feedback was received about the English version of the checklists, it
was clear that translations into other languages would be optimal (consistent with [12]). As the
Checklist team had native speakers of French, Japanese, Portuguese and Spanish, these lan-
guages were our starting point. Each team member leading the translation consulted with
someone local to them who could validate it. Questions about context were brought back to
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checklist| |checklist| |checklist| [checklist| |checklist| |checklist

controlled by a

1 2 3 4 5 6
Improvements - S .
' 1 Public repository (Zenodo) )
checklist D : - -
n' i+ |checklist| |checklist| |checklist :
i ' | 1" 2! 3 !
+ [checklist| [checKlist| [checklist
Translation g 2 3
v+ Lllang 11| |[lang 11| [[lang 1] '
checklist - '
n '+ [checkKlist| [checklist| [checklist !
[lang N] o 1 2 3 :
4 [lang 2] | [[lang 2] | |[lang 2] ]

Community feedback (iterative)

Fig 3. The PARSEC checklist development workflow. This workflow shows the main steps to develop and translate
each of the checKklists for both level A and level B: determine team needs; iterate on the conceptualization; develop each
checKlist; translate each checklist; publish, promote, and receive feedback.

https://doi.org/10.1371/journal.pone.0311967.g003

the project team and clarifications made, including tracking updates to the English version
(Fig 3).

Each checklist was reviewed by the larger PARSEC team and feedback was incorporated. As
the translations were completed, they were published on Zenodo [58], and promoted on social
media and at relevant conferences. The team collected any additional feedback for further
updates.

The French [64-70], Japanese [71-73], Portuguese [74-79] and Spanish [80-85] checklists
at the time of writing this paper are shown in Fig 4.

5 Methods

Each team was asked to reflect on its practices, (a) identifying terminological obstacles it
encountered in its workflows, (b) to classify them in one of the nine ways shown in Table 1
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[English

|French

IJapanese

|Portuguese

[spanish

A 1. Digital Presence

Stall, S., et al. (2023) doi:
10.5281/zenodo.470611
8

David, R., et al. (2023)
doi:
10.5281/zen0do.784771
5

Miyairi, N., et al. (2023).
doi:
10.5281/zenodo.794474
7

Santos, S., et al. (2023)
doi:
10.5281/zenodo.784537
2

Santos, S., et al. (2023)
doi:
10.5281/zenodo.784194
6

A 2. Data Documentation and Citation

Stall, S., et al. (2023) doi:
10.5281/zenodo.706240
2

David, R., et al. (2023).
doi:
10.5281/zen0do.784771
8

Miyairi, N., et al. (2023).
doi:
10.5281/zenodo.794476
4

Santos, S., et al. (2023).
doi:
10.5281/zenodo.784537
6

Santos, S., et al. (2023)
doi:
10.5281/zenodo.784199
2

A 3. Software Documentation and Citation

Stall, S., et al. (2023) doi:
10.5281/zenodo.706241
3

David, R., et al. (2023)
doi:
10.5281/zen0do.784772
1

Miyairi, N., et al. (2023).
doi:
10.5281/zenodo.794476
0

Santos, S., et al. (2023)
doi:
10.5281/zenodo.784537
8

Santos, S., et al. (2023)
doi:
10.5281/zenodo.784199
4

B 4. Open Science Prac

tices for Teams (Prepare)

Stall, S., et al. (2023) doi:
10.5281/zenodo.740207
5

David, R., et al. (2023)
doi:
10.5281/zen0do.798578
2

tbe

Santos, S., et al. (2023)
doi:
10.5281/zenodo.799539
5

Machicao, J., et al. (2023)
doi:
10.5281/zenodo.799578
1

B 5. Open Science Resources and Guidance for Teams (Equip)

Stall, S., et al. (2023) doi:
10.5281/zenodo.740227
0

David, R., et al. (2023)
doi:
10.5281/zen0do.798579
2

tbc

Santos, S., et al. (2023)
doi:
10.5281/zen0do.799539
4

Machicao, J., et al. (2023)
doi:
10.5281/zenodo.799578
3

B 6. Digital Objects Preservation Checklist for Teams (Preserve)

Stall, S., et al. (2023) doi:
10.5281/zenodo.740254
0

David, R., et al. (2023)
doi:
10.5281/zen0do.798579
8

tbc

Santos, S., et al. (2023)
doi:
10.5281/zenodo.799539
9

Machicao, J., et al. (2023)
doi:
10.5281/zenodo.799578
4

Fig 4. Checklists produced by the PARSEC checklist team for researchers and research teams. Full citations for the English versions are
in the references. TBC is an abbreviation for ‘to be created’.

https://doi.org/10.1371/journal.pone.0311967.9004

(inspired by David et al. [21]), and (c) to categorise them on a five-point scale of importance,
from 5, indicating a challenge that stopped progress, to 1, a challenge that was easily overcome.
The teams did not include a professional linguist but the terminology made sense to us.

The DL team reflected on its practice, guided by its workflow (Fig 2). Feedback was
achieved by completion of a table, supported by a series of virtual meetings. The results were
analysed by team members, feedback was obtained, and the table updated. The Checklist team

Table 1. Potential terminological challenges.

code | Categories of linguistic confusion

A

B
C
D

|t

Polysemic (1 term or concept, multiple meanings), a form of ambiguity [86 p.89]

Linguistic confusion due to (apparent) multiple terms for a meaning (i.e. synonyms)

Fuzziness in language or terminology matches (existing and evolving nuances), a form of ambiguity [87]

Idiomatic language terms adopted from another language with different contexts, a form of ambiguity [86

p-7]

Disciplinary domains (communities of practice) assign different meanings to the same term [88, 89]

Country of practice or origin may assign different meanings to the same term [90]

Vagueness: involves uncertainty about the actual meanings of particular terms, e.g. administrative units differ
in name and nature from region to region and country to country [86 p.83, 91]

Lexical gap: New concepts (words, phrases) that don’t exist in the target language [92]

Adoption challenges: a ‘new’ term needs to have community endorsement for it to be recognised and used
and this has not happened yet [93, 94]

https://doi.org/10.1371/journal.pone.0311967.t001
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examined the steps in its workflow (Fig 3) through a series of meetings, identifying and
describing the stumbling blocks encountered.

6 Reflective observations

The two teams presented their observations in different ways, reflective of their different task-
sets.

6.1 DL team

From initial discussions it became clear that misunderstandings and difficulties in the use of
terminology specific to DL methodologies and processes were important. Team members felt
strongly that their work was hampered by poor inter-domain understanding of the aims of the
project, the scientific question, the hypothesis, and the DL methodology. This led to confusion
and lack of useful data provision, causing difficulties in DL model training, estimation, and
validation. Team members from different countries had different understandings and norms.

The data collection phase (Fig 2) required cross-team collaboration, both for the acquisition
of satellite imagery and socioeconomic data and to optimally align the two. The two relevant
disciplinary groups (spatial and socioeconomic) had to work with the DL team to select appro-
priate data for the analysis, including the time range and the frequency of repeat observations,
while ensuring the specificity of each country’s organisational structures was accommodated.
This required more effort and time than was initially expected. Often available data were in a
non-English language with no translation available, which prevented their use and stopped the
investigation completely. As Demographic and Health Survey data were not available in all the
study countries, a robust and comparable poverty (or wealth) index had to be created, requir-
ing advice and participation from across the team. Once these matters were in place, the actual
DL modelling phase was straightforward. The evaluation stage, as the last step of the workflow,
again required an integration of ideas and communication with the full team to understand
the meaning of obtained results (the spatio-temporal mapping estimations).

When reviewing the occurrence of terminological impediments, four workflow stages were
noted: (i) definition of the work, (ii) collection of both remotely-sensed imagery and socioeco-
nomic data, (iii) pre-processing of imagery and (iv) data splitting for cross validation. These
workflow stages highlighted the lack of explicit methodological description in many publica-
tions (Table 2). Overall, eight obstacles were identified, with most clustered around challenges
concerning the whole team’s understanding of the DL work, the acquisition of population data
for the project, and incomplete or inaccurate terminology and metadata in resources (e.g.
exemplar articles and data sources).

Some of the linguistic (or terminological) confusion arose during the conceptualisation and
establishment of the experiments as a result of disciplinary differences, such as the use of the
word ’ecoregion’ (1a, Table 2). This term was assumed by the DL team to refer to an abstract
model for the work, the DL team being unaware of its well-accepted use in environmental sci-
ence, and its basis for the Synthesis Science Strand’s work [95, 96]. Once this was explained,
the methodology for selecting sites had to be revised. Similarly, the term ’experiment’ proved
to be quite a stumbling block as it had a different meaning for computer scientists than experi-
mental scientists (1d, Table 2). In both cases discrepancies were not realised until after some of
the work had been completed and were exposed when sharing with interdisciplinary team
members from other parts of the PARSEC project.

At a more practical level, the enumeration area was often not only named differently from
country to country but also differently defined spatially (2a, Table 2). For example, population
size as a social clustering tool was used for collection and delivery of data in many countries,
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Table 2. Terminological challenges found by the DL team as it executed its work.

Stage in workflow Obstacles encountered * high (5: stops the Examples and typology *

work) to low (1: minor interruption)
1. Definition of the work (scientific a. Alignment of principal keywords from The term ’ecoregion’ was misunderstood. [E] Disciplinary domains
question, hypothesis, methodology) ecology across domains [5]

across the team

b. Understanding (alignment) of the DL model | Confusion between the meaning of the terms ’prediction’ and

by all the team was lacking [2] ’estimation’. [B] Linguistic confusion

c. Regional/national key development questions | The terms ’survey’ and ’census’ were used differently across the project
were differently understood by team members | (and in the literature) and the difference between these terms was not

(2]

initially appreciated. [B] Linguistic confusion, [E] Disciplinary domains,
[F] Country of practice

d. Setup of the terminology for the methodology | Use of various terms, e.g. ’control - reference’; ’treated - non-treated’.
presented challenges [3] [C] fuzziness in terminology

’mirror - control’ [D]- Idiomatic terms
’experiment - run’ [A] Polysemic; [E] Disciplinary domains

2. Data collection: census or survey a. Difference in data organisation between ’prefecture - state - province’; 'municipality - city’; census tract -
different organisations or institutions [3] census sector - block’; *village - town’; ’enumeration area - ground
truth sample area’ [B] Linguistic confusion, [G] Vagueness
b. Opaque and unfamiliar socioeconomic ‘survey - census’; ’panel - population sample’; "'wave - round - repeat
terminology [3] instance’ [E] Disciplinary domains, [C] Fuzziness in terminology
3. Pre-processing of imagery a. Confusion with some terminology [1] Use of various terms for the same thing *nightlight - night-time lights’;
’daytime imagery - multispectral - diurnal imagery’. [B] Linguistic
confusion
4. Data split for cross-validation a. Exemplar articles do not always follow correct | ’test (regular) - out-of-domain test’, ’in-country’, ’out-of-country’ [C]
procedures, or state their methods clearly or Fuzziness in terminology, [I] Adoption challenges

fully [3, 4]

* Each obstacle was ranked using a 5-point scale according to its seriousness, from 5 for high (stopped the work proceeding until a solution could be found) to 1 for a

minor interruption. The nature of each obstacle was classified following the 9 criteria.

# The key to the linguistic categories [A] - [I] is found in Table 1.

https://doi.org/10.1371/journal.pone.0311967.t002

which could mean different cluster types from one location to another. This created some diffi-
culties for the remote sensing experts on the team when comparing physically different and
administratively (geopolitically) different areas. In addition, names and designated areas were
sometimes dynamic over the study period.

Several terms necessary for incorporating data into the DL model were different from coun-
try to country (2b, Table 2); for example, the methods and terminology used to obtain socio-
economic data. In some methods, data from a sample of people (a panel) were used and re-
surveyed over repeated instances (waves), and in others, data were obtained from whole coun-
try surveys (a census). The frequency and duration of data collection was also different across
countries (e.g. every 5 years versus 10 years). An additional issue was that, in several cases,
terms were used somewhat casually by team members, and differences between such terms
were outside the DL team’s knowledge. Realising this required active and constant dialogue
among team members, which in a distributed team across multiple time zones was not always
easy to achieve. The use of varying terminology for the same concept (linguistic confusion [I]),
not just within the team but more broadly in the referenced literature, was an obstacle that also
had to be overcome (3a, Table 2).

Two additional confusions arose when explaining the constraints of the DL method to non-
DL specialists in the team (4a, Table 2). In training a DL model, the test sets and the training
sets must not overlap, else one will get a positive bias. For instance, X is a dataset split into
X_train and X_test. The model is trained on X_train and evaluated on X_test, and a perfor-
mance score is computed. This is referred to as a ’test (or regular test)’. Then, it is often argued
that the model can be used on another dataset Y. It can be, but sometimes the underlying
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message is that the performance score on the dataset Y and X_test will be similar. To prove the
last statement one could use an "out of domain test’. In a related confusion, an exemplar paper
used the terms ’within/in-country’ and ’out-of-country’ without explanation.

Impediments to progress were particularly acute at the beginning of the project and they
returned somewhat at the end. An assumption was made that ’everyone knows this’ and it was
clearly not the case for the DL team. Similarly, casualness and variability in terminological use
in important and relevant literature produced significant delays; some could be solved by
speaking with the authors, but that was not always possible (4a, Table 1). Basic across-team
misunderstanding generally produced challenges (1d, 2a and 2b, Table 1). Developing a com-
mon cross-country suite of terminology and definitions for the DL team to enable its model to
be applied was time consuming (2a, Table 1).

6.2 Checklist team

The goal of the Checklist team was to ensure that researchers reading in their native language
would easily understand the concepts and recommendations included in each checklist. In
short, to make Open Science easy to adopt in daily practice. Because the concepts and practice
around Open Science are still new, identification of language-specific references was difficult.
Many sources were used to support the translations with the expectation that on-line transla-
tion tools would be helpful, but they were not completely so.

Concepts without existing equivalent words. The English language has been historically
influenced by Latin languages, borrowing many of its words (e.g. ’Data’ is Latin, "Management’
comes from old French, as does ‘Plan’). This linguistic proximity and the format of the scripts
used facilitate translation between English and the Latin-based languages of French, Portu-
guese and Spanish. For languages based on other roots or where the basic form is an ideogram,
the translations from English are less direct. For example, the phonetic (katakana) transcrip-
tion for the term ‘Data Management Plan’ (7 — % ¥ # ¥ A ¥ }F 7 7 ~ deetamanijimento-
puran) was used, as there was no Japanese equivalent term with this meaning. Specifically, the
word is directly ‘borrowed’ from the English. If the equivalent kanji was used (which in theory
it could be), it would be a lengthy and confusing term. In contrast, the concept of 'Data Man-
agement Plan’ can be directly mapped in French to ’Plan de gestion des données’. Another
example encountered was the English term "funder’. The verb suffix “-er’ indicates someone or
an organisation that ‘does something’, but in Japanese ‘funder’ is expanded as i/} 57 % 4 it 7
1P, meaning ‘organisation allocating research funding’. It must be explained literally.

Nature of issue: [H] lexical gap; [C] fuzziness in language. A minor interruption [1].

Concepts that exist but do not have a routine translation. In French the strict transla-
tion of the word ‘checklist’ would be ’liste de vérification / contréle’ which is not usually used
in practice. As the English term ‘checklist’ is known in the French language, and to be consis-
tent with the easy-to-use and evocative character of the checklist terms, we determined that we
should choose a distinctive name; namely, ‘check-liste’.

Similarly, in Japanese, words derived from foreign languages usually make sense if they are
written in katakana with a close pronunciation. For example, the phonetic translation for
‘computer’is 7 ¥ ¥ * — % (konpyuuta) and ‘notebook’is / — F 77 7 (nootobukku).
However, when new terms are generated by simply combining existing words, such as ‘com-
putation(al) notebook’ to describe something specific (in this case applications such as Jupyter
Notebook and R Markdown), doing the same in Japanese would not work. For this reason, the
translation of ‘computation(al) notebook’ into Japanese had to use the redundant phrase 71 %
Lo/ —F 77 7 B a ‘notebook environment on computers’.
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Nature of issue: [C] fuzziness in language; [F] country of practice; [H] lexical gap; [I] adop-
tion challenges. A significant interruption [3] and clarifications had to be made.

Translations exist, but they need social endorsement for adoption. When practising
Open Science, being inclusive includes taking the time to ensure that a new concept is fully
understood and used by others in their language. This applied to both the checklists being
developed, as well as the concepts being used. If a language did not have the words broadly
accepted in a relevant community to describe a concept, care had to be taken in the translation
process. If the concept needed a concise word or phrase that was not yet widely recognised, the
word would be introduced in the language along with a description.

An example is the expression, ‘Digital Presence’, which is emerging alongside increasing
online availability of research products. Researchers need to adjust their practices to take
advantage of this opportunity, and thus create a ‘Digital Presence’. In French a ‘Digital Pres-
ence’ can be translated as ‘Présence numérique’ which is broadly understood but not yet a
common expression in all disciplines of science. Until a research community endorses the new
term it will not be widely accepted or adopted.

The Japanese translation of ‘Digital Presence’ fell into this same category (vaguely known
but not widely adopted), and we decided to use the katakana 7 ¥ # )V 7" L £ ~ % (dejitaru-
purezensu) to simply mimic the pronunciation as it would be more likely to attract the reader’s
attention and be remembered as a concept.

Nature of issue: [H] lexical gap; [I] adoption challenges. A significant interruption [3] and
clarifications had to be made.

A compendium of the words and phrases used in the checklists is shown in Table 3. The
table illustrates that different methods for translation need to be used to ensure the best com-
prehension of important words. This may include a decision to create new words or ‘borrow’
words from another language. In Japanese a phonetic transcription is used when words are
borrowed. The acronym for Data Management Plan, ‘PDG’, is the same for the Latin-based
languages (Portuguese, Spanish and French) while DMP’ is used for English and Japanese. In
the latter case this is due to the English words being borrowed as shown by the phonetic
transcription.

7 Conceptualization

As mentioned in the Introduction, multinational, multilingual, and multidisciplinary collabo-
rations require that each party understands the different languages’ used by their fellow

Table 3. Examples of the decisions made for Open Science vocabulary translations.

English

Data Management Plan (DMP)

Computational Notebooks (e.g.,
Jupyter Notebook, R Markdown)

Lab notebooks
Digital Presence

Open Science Journey

Persistent Identifier (PID)

Portuguese Spanish French Japanese

Plano de Gestio de Plan de Gestion de Plan de Gestion des Données (PGD) | 77— % ¥ 4% ¥ A ¥ }F 7 7 ¥ (DMP)
Dados (PGD) Datos (PGD) [phonetic transcription]

Cadernos Cuadernos Notebook (in routine) / Carnetsde | 5l Lo 7 — b 7 7 7 5ghs

computacionais

Cadernos de
laboratorio

Presenga Digital

Jornada pela Ciéncia
Aberta

Identificador
Persistente (PID)

https://doi.org/10.1371/journal.pone.0311967.t003

computacionales

Cuadernos de
laboratorio

Presencia Digital

Viaje por la Ciencia
Abierta

Identificador
Persistente (PID)

notes pour logiciel / Calepin
électronique

Cahiers de laboratoire
Présence numérique

Parcours Science Ouverte

Identifiant pérenne (PID)

[English: Computational Notebook
Environment]

7 # /7 — I [English: Digital lab
notebooks]

7 v )7 L £ ¥ % [phonetic
transcription]

F—T YH 4RO

KBTS T (PID)
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researchers. We posed the following research questions: (a) what are the terminological obsta-
cles encountered, (b) are mismatches in language concepts due to disciplinary differences,
native language, or country-specific nomenclature, and (c) what is the impact of these obsta-
cles on the two workflows. There were indeed several unfamiliar concepts within and outside
each of the teams that needed to be translated or explained with variable success. This affected
team communication, the acquisition and interpretation of data and information, communi-
cation with the wider community, and ultimately in generating outputs and products. The ret-
rospective linguistic classification of the terminological obstacles (A-I) assisted our insight into
the actual nature of the difficulties we faced and provided us with a pathway to solutions.
Being aware of these potential confusions at the start of the project might have enabled us to
anticipate them and to respond more efficiently when they occurred.

The two sub-teams (DL’ and "Checklist’) studied in this paper identified different termino-
logical obstacles, albeit with some commonalities. Fuzziness in language, disciplinary differ-
ences, linguistic confusion, lexical gaps and adoption challenges were most often cited as the
cause of terminological mismatches. Some of these obstacles significantly impeded progress,
such as the lack of terminological equivalents across disciplinary domains or languages. Some
obstacles were less significant, but required attention if project goals were to be achieved, such
as terminology used in one domain that was not familiar to those from another, or adoption
challenges when communicating new concepts in a country. Some terms were ’known’, but
not yet sufficiently accepted to be translated smoothly. The technical nature of many of the
terms and concepts made translation challenging unless the translator had disciplinary insight.
Terminology and approaches to nomenclature unique to one country were on occasions sur-
prising and required adjustment, taking time and effort in addition to the main work. Disap-
pointingly, given the expected high standards of scholarly publishing, obstacles occurred due
to key terms on which research was based not being defined in the source literature.

Often obstacles took some time to overcome depending on the cognitive, linguistic or
developmental distance involved. The cognitive distance across the team was not insignificant;
for example DL programmers worked directly with human geographers, a considerable disci-
plinary difference. There was a joke within the team that for one particular concept, where the
word used was the same in two disciplines but had a different meaning in each, that it took ten
attempts to explain the difference. It was discussed that the number of times an explanation
had to be made could form a scale of difficulty that could be applied to all. As mentioned in
the description of the case study, the Data Science Strand team created an on-line ’dictionary’
in the shared workspace at the beginning of the project that was intended as a place where
everyone could record terms and definitions, but it was not used. Retrospectively this resource
could have alleviated some confusion if team members were (a) more aware of its existence,
and (b) contributed to it.

While engaged in the reflective observation process illustrated in this paper, we noted that
the use of English as our common working language was essential, but team members had
varying levels of English proficiency. This can affect the degree of collaboration and the devel-
opment of trust [34, 97]. It was observed that although all communications were made in
English, it may not have been ‘standard’ English in each case. A ‘common’ version of English
was often established that had elements of the mother tongue of each interlocutor. This adjust-
ment was unique to the task at hand, dependent on the team members involved, and not
meant to be shared outside PARSEC. This lack of standardisation in language also occurred
across disciplinary boundaries, as parties listening to one another interpreted meanings
according to their own perspective (Enryo-Sasshi: [98]). The translations by the Checklist
team were designed to alleviate this effect for the external research community.
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The complexity of translating research concepts into the five main languages in this paper
shows how difficult concept-based translations can be. The illustrations provided by Ducarme
etal. [17] and Droz et al. [16, 18] for the different meanings conveyed by the concept of
‘Nature’ in a range of languages are evidence of this difficulty. Good translations occur at the
concept level, not as a simple word-for-word translation [21], a limitation of most on-line
translation tools, and possibly also a limitation of many online domain-specific translation
tools. Vanderbilt et al. [6] tested an automated translation of metadata using Google translate,
Bing and World Lingo Version, none of which were close to being completely correct. Back
translation showed a 60% accuracy for Japanese or Chinese to English, but 90% for Swedish to
English. Tools have improved since then, certainly, but caution still needs to be applied.

One of the most important realisations from this work was the need to ensure that all team
members had a strong common understanding of the project purpose, good knowledge of the
tasks to be done, the requirements for these tasks, and their contribution to them. This should
be established at the beginning of the project and revisited throughout the project (the redun-
dancy’ of Podesta et al. [99]). In PARSEC full team meetings were held every six months, but
more regular conversations were clearly beneficial, especially around particular tasks (as prac-
tised within the Data Science Strand). The importance of these meetings was not appreciated
by all team members at the time, but not only did it enable the development of trust among
team members but also kept conversations alive. It is, as is often the case, only in retrospect
that the value of such diligence occurs.

Although co-design of research is commonly a practice mentioned in projects where mem-
bers of a wider community are involved (i.e. stakeholders who are non-scientists, such as citi-
zen scientists and indigenous knowledge-holders) [3, 100], it is clearly an appropriate model
here. In both case studies—the e-informatics research of the DL team, and the communica-
tions work of the Checklist team—members from other disciplines or native speakers of other
languages, were able to provide checks and clarifications in a timely manner, even if not
involved in the core work of a particular team, and thus avoid delays.

8 Learning outcomes

The objective of this paper was to highlight, through an empirical approach, the pitfalls of
ignoring sources of terminological confusion in technically innovative, multidisciplinary, mul-
tinational, and multilingual research projects. Our case study provides unique insight into the
effect of terminological obstacles on project work in real time. It confirms much previous
understanding but adds a perspective from lived experience. Guided by a classification of ter-
minological obstacles (A-I), our two contrasting research teams reflected on the nature of the
terminological obstacles encountered, and the effect on their workflows. This paper not only
reports their reflection but also distills their observations into guidelines that could prove use-
ful to others attempting such a journey.

Three different situations emerged from our research experience: (1) concepts without
existing equivalent words, (2) concepts that existed but did not have a routine translation, and
(3) cases where translations existed but needed social endorsement for adoption. Fuzziness in
language, linguistic and disciplinary confusion, lexical gaps and adoption challenges were
most often cited as obstacles across both workflow-types. Linguistic distance, when translating
new concepts associated with open science across countries and languages, was noted. Practi-
cal matters of international data collection and comparison included an unanticipated need to
incorporate different types of data labels from country to country, authority to authority.

We thus make the following simple but practical recommendations to improve the success
of multinational, multilingual, and multidisciplinary projects (Table 4). These
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Table 4. Conceptualization of outcomes.

Recommendation

1. Ensure all team members have a strong common
understanding of the project purpose, good knowledge
of the tasks to be done, the requirements for these tasks,
and their contribution to them. This needs to be
revisited as the project evolves.

2. Start every working group with a dictionary
conversation. Define the terms you will be working on
and with and record them in a shared space. Continue
to update and modify the dictionary throughout a
project.

3. Never assume understanding across boundaries. The
hearer does not always interpret the message in the way
the deliverer intends. Take time to check your point is
received as you meant it.

4. Think constructively about obstacles encountered,
examine them, and share with the wider team. Solutions
can be found sooner rather than later.

5. In a complex multilayered project, ensure relevant
‘non-core’ participants are involved in the work and
have opportunities for meaningful input.

6. If translations involve disciplinary-specific language
and new concepts, take care with online translation
tools.

https://doi.org/10.1371/journal.pone.0311967.t1004

Practical suggestions for achievement

Spend time at the beginning of the project to introduce
the project and post relevant documents (like grant
proposals) into a shared on-line space.

At regular intervals throughout the project revisit the
aims and modify as necessary.

Ensure people have a clear idea of their role and tasks in
the project, and record these in the shared on-line space
to which everyone has access.

At the beginning of the project spend time ensuring key
words and phrases relevant to each main task within it
are documented, defined and shared with the whole team
(later in the on-line space). Encourage the team to own
this information so they feel free to add any new terms as
they work through the project. Have a conversation about
this at regular team meetings.

Misunderstandings will emerge during project execution.
Project leaders can ensure regular ‘show and tell” of
project work within the team, which will maximize the
chances of such misunderstandings being identified.
Having an active dictionary can assist. Any presentations
to the group should be deposited in the shared online
space so members can access them for later reference.

Within-project conversations need to be regular and, as
for recommendation 3, sharing across the team needs to
be open. To do this team members need to have
developed a trusting relationship, which can be enhanced
in regular meetings but also by sharing more relaxed
discussions and activities. Obstacles that stop work might
include access to data, algorithms that don’t work, and
reporting in different languages and jurisdictions. Other
team members can provide sometimes unanticipated
help!

This recommendation pertains to internal and external
participants. Internally it is natural for team members to
gravitate to their own disciplinary or language groups,
but in a complex project with a need for input from a
range of expertises and background, team members will
be needed to contribute to other areas than their own. A
sense of inclusion can be enhanced by the development
of trust and regular opportunities to share experiences
and progress. Invitations to meetings and workshops
need to be clearly sent (via an agreed project mode or a
variety of modes) to all team members so they feel
welcome and valued.

Increasingly research teams do not work in isolation
from their communities of practice or indeed the wider
community of stakeholders and experts. To facilitate
interaction (and get valuable feedback) various tools can
be used depending on the project—such as conferences,
workshops, an informative web site—all inviting
discussion and input, not passive ‘show and tell’.

The advent of new translation technology has been a
great boon to transnational and multilingual research,
but the emergence of new concepts in science take time
to reach an Al tool (at least with good embedded
knowledge). The subtleties of conversation across
boundaries can be corrupted. This can result in major
misunderstandings so when employing such tools, it is
important for relevant team members to use a variety of
means to check and edit before notes are disseminating
to the team. A good dictionary within the team can also
help!
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recommendations are conceptual drawing on experience through a reflexive approach (Fig 1)
and remain to be sources for discussion and testing by others embarking on their research
journey.
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