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Abstract. Knowledge creation in research teams is a continuous process. Scientists representing different
fields collaborate in interdisciplinary teams, as combining knowledge from various fields enables them to solve
complex scientific problems. Europe’s digital decade, the European Union’s Artificial Intelligence Regulation
2024/1689, is expected to shape the global labor market by 2030, driven by the interplay of geoeconomic frag-
mentation, knowledge-economy uncertainty, and sustainability. It is essential to emphasize that breakthrough
technology at a national level can be developed by small groups of scientists. Information and communication
technologies are crucial for ensuring the storage and transfer of data, information, and knowledge, both within
teams and between teams. The study employs a semi-structured qualitative interview method to examine the
knowledge-creation process in scientific research teams in the life sciences. Based on a literature review and
qualitative research, the study finds that the knowledge-creation process in those teams aligns with the knowl-
edge conversion model. The methods used for knowledge creation include conducting experiments, taking
laboratory notes, reflecting, engaging in scientific discussions, patenting, reading and writing scientific articles,
and searching for information in databases. The cultivation of organizational culture and the use of information
and communication technology tools are two criteria that support an effective knowledge-creation process.

Keywords: knowledge creation, scientific research teams, information and communication technologies.

Ziniy kiirimas gyvybés moksly srities moksliniy tyrimy komandose: kokybinis pagrindiniy
tyréju tyrimas Lietuvoje

Santrauka. Ziniy kiirimas moksliniy tyrimy komandose yra nepertraukiamas procesas — naujos Zinios nuolat
kuriamos remiantis ankstesniy tyrimy rezultatais. [vairiy sri¢iy mokslininkai yra linke dirbti tarpdisciplininése
moksliniy tyrimy komandose, nes jvairiy sri¢iy Ziniy sujungimas jgalina iSspresti sudétingus mokslinius klau-
simus. Technologijy plétra, Europos skaitmeninis deSimtmetis atitinka geoekonomingés fragmentacijos, ziniy
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ekonomikos neapibréztumo ir tvarumo vaidmenj, kurie kartu yra vieni i§ pagrindiniy veiksniy, transformuo-
jantys pasauling darbo rinka iki 2030 m. Svarbu pabrézti, kad nacionaliniu lygmeniu proverzio technologijas
gali kurti nedidelés mokslininky grupés. Placigja prasme informacijos ir ry$iy technologijos yra labai svarbios
uztikrinant veiksminga duomeny, informacijos ir ziniy saugojima ir perdavima tiek komandos, tiek komandy
tarpusavio lygmeniu. Straipsnyje pristatomas tyrimas, kuriame naudojant pusiau strukttiruota kokybinio
interviu metoda nagring¢jamas ziniy kiirimo procesas gyvybés moksly srities moksliniy tyrimy komandose.
Remiantis literatiros analize ir kokybiniu tyrimu, atliktu pasitelkiant pagrindinius tyréjus Lietuvoje, galima
teigti, kad ziniy kiirimo procesas moksliniy tyrimy komandose atitinka Ziniy konversijos modelj. Ziniy k-
rimui naudojami metodai apima eksperimenty atlikima, laboratoriniy uzrasy pildyma, refleksijg, mokslines
diskusijas, patentavima, moksliniy straipsniy skaityma ir raS§yma bei informacijos paieska duomeny bazése.
Organizacinés kultiiros puoseléjimas, informacijos ir ry$iy technologijy priemoniy naudojimas yra du kriterijai,
uztikrinantys veiksmingg ziniy kiirimo procesg.

Pagrindiniai ZodZiai: Zziniy kiirimas; moksliniy tyrimy komandos; pagrindinis tyréjas; gyvybés mokslai;
informacinés ir ry$iy technologijos

Introduction

Research and development (R&D) at the national scale fosters structural change to build
a more knowledge-intensive economy and society, enhances international competitive-
ness, promotes growth in labor productivity, and creates high-quality jobs. More than
52 million euros were allocated for R&D projects in Lithuania in 2024, coming from
the state budget and the European Union’s structural support funds (Research Council
of Lithuania, 2024). The integration of knowledge from different disciplines becomes a
core process in scientific problem solving for addressing complex scientific and societal
issues (Cooke et al., 2015; Misra et al., 2011; Salazar et al., 2012). The number of co-
authors of scientific articles is increasing, and scientific research teams are becoming more
international and multidisciplinary (Choi & Pak, 2006; Jones, 2021; Stokols et al., 2008).
Advancements in digital technology accelerate data retrieval, facilitate information and
knowledge management processes, and increase the efficiency of collaboration among
geographically dispersed teams or team members, all of which are integral to knowledge
creation in teams.

The research studies of knowledge management include knowledge creation, storage,
and sharing processes analyzed as an impact for innovations (Atkocitiniené & Petronyté,
2018; Hansen, 2002), researchers explore the nature of knowledge and its creation process
(Alavi & Leidner, 2001, Nonaka et al., 2000, Nonaka & Toyama, 2003). Previous studies
have explored an increasing teaming-up (Jones, 2021), the structure of scientific research
teams (Choi & Pak, 2006; Stokols et al., 2008), their organizational culture (Antes et al.,
2016; Cooke et al., 2015; Prado-Gasco et al., 2015), and leadership (Casati & Genet, 2014).
Some researchers, such as Bailey et al. (2012) and Griffith et al. (2003), explored studies
on the benefits of information and communication technologies (ICT) for organizing work
in teams. Although there is a gap in the literature on scientific research teams dedicated
to life sciences research, there is a focus on the knowledge creation process. The research
question is as follows: How is the knowledge creation process in Life Sciences scientific
research teams in Lithuania constructed from the principal investigator s perspective?
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Research object. Knowledge creation in scientific research teams of Life Sciences
scientific research teams in Lithuania from the principal investigator’s perspective. The
research aim is to explore knowledge creation of life sciences scientific research teams
in Lithuania from the principal investigator’s perspective. In alignment with the aim, the
research tasks are as follows: 1) to analyze knowledge creation of Life Sciences scientific
research teams in Lithuania from the principal investigator’s perspective, and 2) to ex-
plore the findings of knowledge creation of a qualitative study of principal investigators
in Lithuania in Life Sciences scientific research teams.

The study aims to extend knowledge management research by incorporating scientific
research teams into the previous models, on the grounds of examining an effective knowl-
edge creation process: fostering an appropriate organizational culture, and leveraging
information and communication technology tools. In this context, the following research
methods were used: qualitative case study, including scientific literature analysis, and
semi-structured qualitative interview.

The Knowledge Creation Process

The Data-Information-Knowledge-Wisdom (DIKW) hierarchy is constructed along three
axes — first, understanding from exploration to reflection, second, the context from col-
lecting the details to integrating the picture, and third, the time between the past and the
future (Hey, 2004) (see Figure 1). The data are obtained by researching and collecting
separate details of the context, and information is gathered by combining the details and
assimilating them, although the interpretation of the same data varies significantly based
on an individual (Jashapara, 2004, p. 17). Knowledge is acquired through experience in
the past, and the highest level of the hierarchy is wisdom, which is created by building
on contributions to new ideas and reflecting a knowledge-based ecosystem (Burns, 2025,
p. 48).

R&D activities explore new knowledge to solve challenges and problems, or use al-
ready existing knowledge to acquire additional expertise for the development of new ideas,
products, or services. Researchers, based on their work, continuously create knowledge
by identifying research gaps, considering their experience of conducting research, and
interpreting the data obtained. The process involves everyone in scientific research teams
and especially principal investigators, who not only carry out the research, but also
set the vision and strategy of the team’s projects and develop new ideas for research.

Organizational learning is a process of achieving traditional goals through the acqui-
sition of knowledge (know-what) and the development of skills (know-how), as well as
a change in attitudes of the individual learner (Jashapara, 2004, p. 61) that occurs in the
learning process for each team member. Developing new areas of research team learning
can be viewed in a group’s capacity to engage appropriately in dialogue and discussion
(Harris, 1990; Jashapara, 2004, p. 62; Senge, 1990). The construction of single-loop and
double-loop learning explores objectivist perspectives on the knowledge creation process
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Figure 1. DIKW hierarchy (Hey, 2004)

in scientific research teams, confirming positivist-rooted ideas that the social world can
be studied scientifically, with the main idea that objective knowledge is produced through
research (Hislop, 2013, p. 18). Whereas, the concept of activity theory developed by
Engestrom’s expanded Activity theory model (Hashim & Jones, 2007) is a theoretical
framework for understanding human interaction through the use of tools and artefacts.
The tools in Life Science scientific research teams serve as information and communica-
tion technologies, and artefacts may be found as experiment notes, which also means
conducting the experiments. The study adopts Nonaka’s SECI model, which has been
argued to encompass the core knowledge-creation process, including the understanding
of Ba/Space (Hislop, 2013, p. 106—111), as observed in scientific research teams, and
continues the classical knowledge management tradition.

Knowledge is divided into three types: a) explicit, b) implicit, which can be easily
conveyed, and c) tacit, which is acquired personally through experience and is difficult
to express (Nickols, 2010). One form of knowledge can be converted into another, i.e.,
tacit knowledge can be transformed into explicit knowledge and vice versa (see Figure 2).
Information collected inside and outside the organization is usually stored as personal
experience, and the first step for transforming employees’ tacit knowledge into explicit
knowledge, according to Nonaka & Toyama (2003), is socialization based on the conver-
sion of knowledge between forms that knowledge is created (Hislop, 2013, p. 108). The
process is based on sharing experiences face-to-face, whereas knowledge is conveyed
by working together, observing, and memorizing important knowledge. Communication
methods depend largely on the type of organization and the nature of its activities; they
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vary from discussion and reflection on completed tasks, whereas, overcoming of challenges
leads to acquired experiences, when, on the grounds of the previous experience, employees
of the organization combine their knowledge and know-how, know-why, and care-why.
This process, when tacit knowledge in people’s minds is prepared for expression, i.e.,
when it is transformed into implicit knowledge, and also expressed and written down, is
called externalization (Atkocitinien¢ & Petronyté, 2018; Faith & Seeam, 2018; Nonaka
& Toyama, 2003). Meanwhile, combination refers to the process by which accumulated
knowledge is expressed in a new, physical form. The final step in the knowledge conver-
sion model is internalization, with the focus shifting to the personal domain (Leibold et
al., 2002). At this stage, new concepts or models apply in practice. It is of importance to
note that members of the organization work with explicit knowledge and encounter new,
unique situations. In relation to the challenges, new experience is acquired — this is tacit
knowledge, which must be formalized again, starting from the first step. In the model
presented by Nonaka & Toyama (2003), the spiral symbol, rather than a circle, appears,
indicating that new knowledge is created from existing knowledge. Thus, in an organiza-
tion, knowledge is created through the interaction of explicit and tacit knowledge, and
is expanded both qualitatively and quantitatively, thereby creating added value for the
organization (Atkocitiniené & Petronyté, 2018; Nonaka et al., 2000).

Implicit Implicit

Socialization Externalization

= 5%
= g.
- I - individual
\ / G - group
I O - organization
E - environment
Combination
=
e
= <8
-

Explicit Explicit
Figure 2. Knowledge conversion (SECI) model (Nonaka & Toyama, 2003)
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The SECI process of knowledge creation occurs both within a team and between
two individuals. According to the model presented by Alavi & Leidner (2001), the tacit
knowledge of one individual, during externalization, can be transformed into the explicit
knowledge of that individual and another individual, or, during socialization, into the tacit
knowledge of another person (Figure 3). During internalization, an individual’s explicit
knowledge may become the tacit knowledge of another individual, and, in the case of
combination, this knowledge may become that individual’s explicit knowledge.

Individual A’s Individual B’s
tacit knowledge tacit knowledge

——>

\ —— 3 Externalization
———————3 Socialization

/ ——————> Combination

Individual A’s Individual B’s
explicit knowledge explicit knowledge

Figure 3. Knowledge conversion between two individuals (Alavi & Leidner, 2001)

Three components are required for organizational knowledge creation: the SECI
process, Ba and knowledge assets (Nonaka et al., 2000). Ba is described as a common
place, or space for knowledge creation, and it has four types that are distinguished — ini-
tiating, interacting, cybernetic, and practitioner. The meaning of the space correlates with
the stages of the SECI process. Knowledge assets are the basis of knowledge creation
processes, and they are also organization-specific resources, which are one of the most
important assets of the organization to create a sustainable competitive advantage (Sen-
ge, 1990). Four types of knowledge assets are distinguished: experiential, conceptual,
systemic, and routine knowledge assets (Nonaka et al., 2000). In the knowledge creation
process, managers play a particularly important role, mainly middle managers, who are
at the intersection of vertical and horizontal information flows within large organizations
(Hislop, 2013). Fundamentally, knowledge vision is important, which refers to the direc-
tion that the organization needs in its pursuit to acquire knowledge. The definition of a
vision that affects all three layers of the knowledge creation process, based on the current
situation, is carried out by top and middle management working with all three elements of
the knowledge creation process —i.e., leaders present a vision of knowledge, develop and
promote the sharing of knowledge assets within the organization, and create and energize,
enable and encourage continuous knowledge conversion in Ba (Figure 4).
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Develop and redefine Justity
knowledge assets
Synchronize T‘ Define Direct
Knowledge

vision

Figure 4. Knowledge creation process (Nonaka et al., 2000)

Scientific research teams share and carry on several projects, or vice versa, several
teams work on one project, which demonstrates the importance of the knowledge network.
Hansen (2002) explored knowledge sharing between project teams, and the teams con-
nected to those with the necessary knowledge were more successful in completing their
projects more quickly. Finally, the research results also showed that direct connections
can be damaging if the shared knowledge is not appropriately selected for maintenance.

Scientific Research Teams

A scientific research team is a team of contributing researchers led by (a) principal
investigator(s) to produce scientific results, primarily in the form of scientific papers,
patents, or innovations (Milojevi¢, 2014). While it is noticeable that, in the second half
of the 20t century, the number of scientists joining teams was increasing, while also the
number of co-authored articles was growing, for example, in the field of economics, ar-
ticles with two or more authors in 1960 accounted for only 19% of articles in economic
journals, whereas, in 2000, this share increased to 44%, and, in 2018, it went up to 74%;
despite creating university research groups, there is a lack of high-level, long-term, top-
down, interdisciplinary and interdepartmental teams (He et al., 2024; Jones, 2021).
Scientific research teams can be very diverse in their composition and in their attempts
of reaching different goals depending on the competences of the team members — undis-
cipline, multidiscipline, interdisciplinary and transdisciplinary (Stokols et al., 2008). The
primary rationale for bringing researchers together into scientific research teams is the
challenge posed by complex scientific and societal issues that require integrating a broad
mix of disciplines and, in some cases, stakeholder perspectives. If team members apply
their unique knowledge and skills to address a common research problem, knowledge
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integration becomes a key process in solving scientific problems (Cooke et al., 2015;
Misraetal.,2011; Salazar et al., 2012). However, the issue of integration of team members
themselves creates challenges, as people from not only different disciplines but also dif-
ferent countries and cultures, speaking different languages and having different research
practices, come together to work in scientific research teams. Scientists may come to dis-
comfort by crossing the boundaries of their disciplines — both by the physical boundaries
of their discipline department, laboratory, or research center, and the cultural boundaries
that guide their scientific activities. According to Cooke et al. (2015), the challenges of
integrating scientists into interdisciplinary and transdisciplinary teams can be addressed
through an appropriate organizational culture and stimulative system. Organizational
culture leads to the effectiveness of knowledge management. A study by Prado-Gasco et
al. (2015) shows that the level of knowledge management in R&D teams is high when a
constructive organizational culture that fosters communication, collaboration and support is
established, which creates favorable conditions for knowledge management. The findings
of the study also indicate that, in R&D teams, organizational culture has a greater impact
on knowledge management than knowledge management has on organizational culture.

Following the number of publications focused on the quantification of researchers
and to note that mixed-motive situations often takes place in scientific research teams,
it is evident that being an author of an article is of primary importance, therefore, con-
sidering that researchers compete at both the individual and team levels, i.e., as a team,
they collectively attempt to get their research published in the possibly highest-ranked
journal, while, at the same time, each individual researcher wants to be the first author
of a publication (Klaic et al., 2018; Milojevi¢, 2014). According to the management
of scientific research teams, there remains a particularly complex process, whereas, in
contrast, the quality and integrity of a scientific work largely depend on the management
and leadership practices of the principal investigator. The complexity of activities such
as supporting organizational culture, implementing knowledge management systems,
mentoring trainees, collecting teams, training and supervising staff, solving technical
problems, and improving work processes are an integral part of good research results
(Antes et al., 2016; Casati & Genet, 2014).

However, principal investigators engage in dialogue with the academic scientific com-
munity, business companies, and other participants in the knowledge economy ecosystem
while conducting research. The principal investigator must consider medium- and long-
term scientific visions and perspectives of research projects alongside scientific trends,
national and international priorities, and the requirements of public authorities (Casati
& Genet, 2014; Greco et al., 2022). In conclusion, while scientific research teams dem-
onstrate the importance of the knowledge network, previous research highlights issues
on knowledge creation processes linked to the SECI model as developed by Nonaka &
Toyama (2003) and the supported organizational culture.
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Research Methodology

This section examines knowledge creation as a continuous process within scientific re-
search teams, culminating in innovation. According to the Resolution of the Seimas of the
Republic of Lithuania of April 11, 2024 No. XIV-2538, the smart specialization strategy
(S3) must be explicitly directed at the continuous creation of social creativity, social de-
velopment visions and goals, and social innovations, in the context of digitalization and
the development and implementation of green technologies. Currently, only three areas in
the country meet the criteria for science and business that create knowledge and innova-
tions and have scientific experience, two of which are life sciences and information and
communication technologies (Seimas of the Republic of Lithuania, 2024). The statement
supports the reliability of the study’s results.

A qualitative case study of principal investigators in life science scientific research
teams applying to a semi-structured qualitative interview method was designed on the
perception that this methodological approach would support the ability to respond in
real time of the interview and to incorporate supplementary inquiries into the prepared
questionnaire that were appropriate to the subject for consideration while seeking to sus-
tain a neutral and conversational atmosphere between the informant and the interviewer
(Gaizauskaité & Valaviciené, 2016; Tidikis, 2003).

The questionnaire addressed team organization and organizational culture. The research
sample was formed by using purposeful sampling combined with snowball sampling,
with each principal investigator, wherever possible, recommending a colleague. However,
the study informants had to meet the following criteria: 1) being the principal investiga-
tor leading the scientific research team; 2) representing the life sciences research field.
Thirty-one invitations were sent by email to principal investigators of Organization X in
the life sciences field to participate in the study. A total of 11 principal investigators were
interviewed. The scientific research teams’ management experience among the interviewed
principal investigators was as follows: four of them had 25-30 years, three had 15-20
years, two had 20-25 years, one had 1015 years, and one had more than 40 years of
experience. The size of the scientific research teams differs: three teams consist of fewer
than five members, one team consists of 15-20 members, and six teams consist of 5-10
members. Further, the transcription of all recordings was conducted by using artificial
intelligence-based transcription tools TurboScribe and MAXQDA (2024). The data were
analyzed by using qualitative content analysis, which involved dividing the informants’
statements into categories and subcategories. To protect the anonymity of the principal
investigators in Organization X, where the scientific research teams are highly distinctive
and even minor details could reveal their identities, we avoided using indexed quotation
labels that might enable readers to identify the participants. We also analyzed Organization
X’s strategic activity plans to enrich the research results. Finally, the study was conducted
according to the principles of research ethics that include anonymity, information about
usage of the results, voluntary participation, and the ability to withdraw from participation
in the interview. The study was conducted in November—December 2024.

150



Simona Taparauskiené, Saulé Jokiibauskiene.
Knowledge Creation in Life Sciences Scientific Research Teams: A Qualitative Study of Principal Investigators in Lithuania

Analysis of Research Results

During the analysis of knowledge creation and preservation methods, it was established
that knowledge is created and preserved by several different methods — by conducting
experiments and filling in laboratory notes, team and personal meetings, scientific discus-
sions and writing scientific publications, reflection on the conducted research, challenges
encountered, and feedback (Table 1). The most important of them are:

a) conducting experiments and filling in laboratory notes — laboratory notes, or
workbooks, recording the conditions and results of all experiments conducted.
Since new knowledge builds on old knowledge, it is sometimes relevant to know
the exact conditions of an experiment conducted several years ago, and only in
well-kept laboratory notebooks can the necessary information be found. It is
this need to trace back to information obtained in the past that justifies why the
keeping of laboratory notebooks should be a commitment of every researcher to
the laboratory. These notes are mostly paper-based, but digital platforms are also
used, such as Benchling, a cloud-based platform for storing and sharing scientific
data in biotechnology.

b) reviewing and writing scientific publications. Scientific publications document
the knowledge gained from research on the subject. However, to conduct research
and correctly interpret the results, the informant believes that it is necessary to
read scientific publications first and foremost. Equally important is the scientific
discussion with the team members about the scientific publications they have read,
which helps generate new ideas.

It can be noted that different types of meetings — personal one-to-one or team meetings —
are organized in different scientific research teams, and the frequency varies as well — this
may be monthly, weekly or bi-monthly, and one of the teams does not organize regular
meetings at all. Despite the differences in the organization of the meetings, they discuss
largely the same topics — that is, scientific news in the field being studied, the results of
scientific research and the challenges faced, and everyday issues in the laboratory.

Table 1. Methods for knowledge creation and preservation that are used by scientific re-
search teams

Category: Knowledge creation and preservation methods

Subcategory Ilustration of proposition
Experiments ‘It is a legal obligation for every scientist to keep a laboratory journal’
& laboratory ‘Sometimes you have to pull out a journal that is ten years old’
notes ‘It is very important to document every experiment that succeeds or fails. <...>

Almost 30 years ago, everything was only on paper <...> Now, I think most people
have their workbooks in the digital space, out there in the clouds, like Benchling’
‘Research starts with an experiment and a detailed description of it. <...> If you
learn something today that you can t explain, you might be able to explain it in a
month or a year. <...> An example now is the need for domains that were made
ten years ago’
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Category: Knowledge creation and preservation methods

Subcategory

Ilustration of proposition

‘Experimentation is the basic building of knowledge. You experiment and then
people talk to each other at different levels’

‘The old methodology of using notes works for us and probably still does. Be-
cause there are a lot of experiments that don 't work as well as we would like or at
all. And we can't put it in papers <...> it just stays in notebooks’

Team and in-
dividual meet-
ings, scientific
discussions

‘We <...> don’t have regular meetings’

‘We try to have a traditional weekly live meeting. <...> It is also a discussion of
scientific problems, <...> news. <...> If someone is sick <...> it will be a hybrid
meeting. <...> Its not only our regular staff who are involved in the meetings, but
<...> also students’

‘I have regular discussions with each of the staff about their work. Plus, we do
our group seminars regularly, where everyone presents the results of their re-
search and then we have a group discussion in order to get some additional com-
ments, questions or some insights’

‘During the weekly meetings, we discuss <...> current issues of the experiments
as well as the daily life of the lab <...>. Every month, the whole group meets’

Scientific
publications

‘Scientific publications, peer-reviewed at international level, are key’

To disseminate knowledge to the scientific community’

‘In the world of science, the main thing is the scientific paper that we write
through discussion and collaboration’

‘It'’s very important to read publications, to take an interest, because ideas actu-
ally come from elsewhere. Knowledge is created on a comparative basis, meaning
you try to understand a system by comparing it with other similar systems <...>
everything in nature is connected’

Reflection,
feedback

‘In individual meetings, when we reflect on the previous week's work or on the
work of a certain period <...> how you did, your efficiency, your mistakes. It may
create knowledge, but it’s more for that individual to learn from that knowledge
than <...> for others to benefit from it’

‘That feedback from others, not necessarily from members of your working group,
but from colleagues who may have had some more experience with the method, is
very important’

The ICT used by principal investigators can be divided into four categories — online
data repositories with an authentication system, online document preparation and editing
tools, databases and platforms for online calls, and instant messaging (Table 2). The most
frequently mentioned options were online data repositories with an authentication system,
which allow scientific research team members to see each other’s results, read articles,
create and manage file versions, help exchange information and knowledge within the
team, make it easier for principal investigator to monitor the progress of the members’
work, and also ensure the preservation of information despite the failures of the devices
used. Online document preparation and editing tools allow researchers writing scientific
publications to edit the same document simultaneously and avoid creating multiple cop-
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ies of the file, and using one of such tools — La7eX, in which information and document
formatting are encoded in the ASCII code — also allows saving storage memory and
affords reliable control of information. Scientific research teams use various databases.
Some are designed to store unpublished, confidential research results within the team.
Others have open access and help share accumulated knowledge from conducted research
with the scientific community. One informant states that an access to research results
and data obtained from other scientific research teams helps to assess the feasibility of
the desired experiment and plan it, i.e., to check whether such studies have already been
conducted, what are the results, whether they correspond to the data that the informant
received, which methods do not yield results, etc., which makes scientific work more ef-
ficient. Internet calling and instant messaging platforms enable scientific research teams
to exchange information, participate in discussions and solve emerging problems quickly
and independently of the geographical location.

Thus, ICT is most useful in the sense that it helps to share knowledge and informa-
tion quickly and reliably, provides the opportunity to consult remotely regardless of the
geographical location, and simultaneously prepare documents or scientific publications.

Table 2. ICT that are used in scientific research teams

Category: ICT

reading

Subcategory Tools Benefits of tools Ilustration of proposition
Internet-ac- - Tortoise SVN | Allows team ‘Everybody who does something, every-
cessible data | - Google Drive | members to see body else sees what they are doing, <...>
storage with - SharePoint / each other’s if you read an article and you put it in a
authentication | OneDrive results and the shared library <...> we all know that our
system - Benchling articles they are colleague has read that article and when

we need to find it, it is much easier for us,
<... > 50 we can expand our knowledge
faster’

‘Storing everything in the cloud is also
an accessibility improvement at the team
level’

Allows the team
leader to monitor
the progress of the
members’ work

‘Benchling can see all the progress, can
share with the manager and he can follow’
‘Improves data management for the team
leader; its really easier, it'’s more efficient
to see and manage everything, to follow

the progress’

Allows the crea-

tion and manage-
ment of versions

of a file (reduces

chaos and allows
undoing changes
to the file)

Subversion control system SVN allows
you to write short comments about uploa-
ded files.

‘Thats the point, you upload one version,
and the layer is already there’
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Category: ICT

Subcategory Tools Benefits of tools Illustration of proposition
Helps to share ‘We put it up there <...> for accessibility
information and or else for sharing, because it’s very con-
knowledge within | venient’
the team ‘Anyone in the group can pick it up, look
at it, remember what was said’
Speeds up the ‘So that everyone can find it quickly,
work of the team | without having to ask a team member.
<...> If something runs out, everyone can
post it in a folder <...> and then anyone
can see it inmediately <...> and take care
of it in advance’
‘The notes are in the clouds, <...> so that
you don’t have to encrypt handwriting’
Ensures that ‘This is very safe, as we know that compu-
information is ters can sometimes completely burn up’
preserved despite | ‘The data is automatically backed up’
failures of the
devices used
Online tools - LaTeX Allow simultane- | ‘We can read, write, comment on an
for documents | - Google Docs | ous editing of the | article in real time, several people can
drafting and - Google Sheets | same document work on it at the same time, it’s very con-
editing (all tools listed in | venient’
the left column) ‘The most useful platforms are the ones
where you can access the same thing
from different places, edit and revise
together’
Save storage ‘We code in ASCII, so you don t write
memory and al- space-consuming documents anymore
lows reliable con- | <...> when you work in LaTeX, <...> you
trol of information | are always 100% in control [of informa-
(LaTeX only) tion]’
Databases - Reaxys Help you to as- ‘There's Reaxys, there's SciFinder, where
- SciFinder sess and plan the | you look for information there, check a lot
- Unnamed da- | experiment you of things, and you can do a lot of things
tabases want to carry out | more efficiently and quicker, plan things

better’

Provides open
access to data for
the whole world

‘We have a database which is a double-
acting open access part for the whole
world, where the data is already in print’
‘The idea was to publish our team data in
a way that would be accessible to every-
one, and we have done that, and we ‘ve
published the database’

Allows you to
protect confiden-
tial information

‘We ‘re putting up our own data that hasn‘t
been published’
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Category: ICT

Subcategory Tools Benefits of tools Illustration of proposition
Online calling | - Google Meets | Expands opportu- | ‘We use it for online meetings <...> if
and instant - Discord nities for team and | someone can’t attend a lab meeting but
messaging - Slack personal meetings | would like to, or someone maybe couldn't
platforms - MS Teams make it but wants to make it a one-to-one
- Skype meeting’
- Messenger ‘There are some activities where we only
- Email do them on Teams. <...> There are some

where we are doing hybrid, so that has giv-
en a lot of convenience, if someone can't
come somewhere, they can just log in’

Enables quick
transfer of knowl-
edge to each other

‘We use Discord for daily communica-
tion, for knowledge exchange’

‘If you need to exchange that data be-
tween the members of the team <...>
email, even Facebook Messenger; it hap-
pens that we send it, because it s easier
with a click of a button’

‘Sometimes we send an email after we
have edited an article’

‘There is a team in MS Teams where we
discuss the problems that we encounter’

Provides space for
problem solving

The scientific research teams’ leaders who participated in the study identified six
challenges related to information and knowledge management (Table 3):

a)

b)

d)

Delayed completion of laboratory notes. When data collection is prioritized during
experiments, these notes are often not completed on time, information is later
forgotten by team members, and some of the data gets lost.

Team members’ lack of responsibility for data preservation. When completing la-
boratory notes, it is of importance to note the date and conditions of the experiment
so that the results can be replicated and compared later.

Team members leave. The scientist Hey (2004) states that knowledge is created and
applied in the minds of those who know, so it can be said that if a person leaves
an organization, the knowledge in their mind also leaves. For this reason, all the
data and information saved by the outgoing employees, usually students, become
extremely important for the continuity of the scientific research team activities.
According to the informants, the ideal situation is when a person completes the
research, publishes it in a scientific article, and only then leaves, but this is usually
not the case. As one of the solutions, the principal investigator tries to maintain
systematic storage of domains in appropriate folders so that when a person leaves,
itis easy to orientate themselves on what was done, and how the experiments were
conducted.

Successful data and document management requires a system — an order, i.e.,
according to what criteria documents are placed in folders, and a repository, i.e.,
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where to store data and various documents. One of the informants shared that due
to the large variety of files and their historically different ways of describing them,
it is difficult to create a document storage system that allows you to see the entire
project picture. Another informant, whose scientific research team already has a
system in place, faces a lack of storage space, because information is growing very
rapidly, and, in order not to lose it, it is necessary to make copies.

Managing information sharing is another challenge for managers. Not all team mem-
bers are willing to share information, in the sense that they try to control it, while others,
on the contrary, want to spread it as widely as possible, and so it is a crucial task for the
principal investigators to encourage people to take care that information does not disap-

pear, and to prevent it from getting to the wrong people, such as competitors.

Table 3. Challenges faced by research team leaders

Category: Challenges

Subcategory

Small category

Ilustration of proposition

Knowledge and
data preserva-
tion

Late completion of
lab notes

‘The description is a bit behind the experiments. <...>
sometimes documentation is the weaker side of all experi-
ments’

Team members not
feeling responsible
for preserving data

‘Some are more dutiful, and they keep updating and up-
loading information, others need to be prompted’

‘There are always challenges in terms of preserving the
data <...> in terms of ordering it’

‘There are times when something is lost, you still have to
try things out, you have to repeat things, you don’t neces-
sarily get it right’

Team member
leaves

‘Weve always had the problem that <...> a person disap-
pears, and the notes disappear’

‘When a person leaves, you must replicate his results
and... no way. You look at the notebooks he left behind,
and the documents in digital format, and it doesn’t say
exactly how it was. That's why we keep trying to introduce
students to some kind of internal standard’

Data and document
management

‘Our data comes from different areas and has its own his-
tory of different ways of describing it’

‘Information is growing very fast <...> it is very impor-
tant to make copies when storing information, because it
can just disappear one day. <...> Some experiments gen-
erate very large volumes of data, <...> we have external
disks that are standard, they don't fit either’

Information sharing
management

‘Some team members want to control the information and
not share it, others want to disseminate it as widely as
possible, so there are two challenges — to get people to
make sure that the information doesn’t disappear, and to
make sure that it doesn’t get to someone it doesn’t need
to getto’
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When analyzing the influence of organizational culture on knowledge creation in
scientific research teams, the informant noted the values fostered in the teams they led:
a) openness to sharing knowledge within the team and accepting other opinions,

which enables team members to share their knowledge and experience, thus pre-
venting the repetition of errors at the team level, and at the same time does not
prevent the raising of new research hypotheses.

b) inclusiveness, which is defined as the inclusion of all researchers who contributed
to the study in the list of authors of a scientific publication. The inclusiveness policy
fostered in scientific research team helps team members, young researchers, to build
their own network of colleagues and partners, and gradually become independent
researchers.

c) support and professional growth, which not only allows team members to feel
valued, but also enables them to develop new areas of research, bring new rese-
arch methods to Lithuania, which unambiguously expands the thematic field of

knowledge created by scientific research team.
d) responsibility for the orderly collection and storage of information that forms the
basis of knowledge (Table 4).

Thus, the results suggest that organizational culture has a significant impact on the ef-
fectiveness of knowledge creation in scientific research teams — it enables open sharing of
information and knowledge within the team and fosters the development of self-directed
young researchers who take on the task of creating knowledge in new scientific fields.

Table 4. Values fostered by scientific research teams

Category: Values

Subcategory

Illustration of proposition

Openness to sharing
knowledge and accepting
others’ opinions

‘The most important thing is openness <...> so that knowledge is open
within our team’

‘Everyone’s question, the idea raised is equally important <...> and
we try to apply that “yes and” rule, <...> because this way some new
hypotheses, ideas that are worth testing <...> may arise which may
then turn into knowledge or negative results’

Inclusion

‘Because we have this so-called inclusion policy in the laboratory, we
will more quickly include those who have contributed relatively little to
a specific article. <...> together they learn from each other and grow’

Support

‘We managed to create a laboratory that is truly a group of supportive
people’

‘I try to support and encourage <...> I think that people really <...>
appreciate that support’

Growth

‘I want independent people to grow in the laboratory’
‘That monthly meetings of the team, or rather I would say, a human
resources thing <...> for the growth of that specialist’

Responsibility

‘So that everyone feels able to contribute to the whole team on the topics
that we are developing, and so that they feel responsible for being here.
<...> The responsibility is to get some results, to make some insights’
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Findings and Discussion

Knowledge creation occurs through the transformation of both explicit and implicit
knowledge within a knowledge-based ecosystem, along with prior research indicates
that everyone is involved in the process. Researchers’ insights presented in scientific
literature, the review, and the study results provide a basis for identifying the knowledge
creation process in scientific research teams in the life sciences. The study identifies the
unique knowledge creation methods used by scientific research teams in life sciences,
which align with the knowledge conversion (SECI) model proposed by Nonaka & Toya-
ma (2003). During socialization, the researcher interacts with the environment, conducts
experiments, collects data, and completes laboratory notes, i.e., translating tacit knowl-
edge into implicit knowledge ready to be shared with colleagues. In externalization, the
implicit knowledge acquired by the researcher is made explicit through discussion of
experimental results or errors made by the scientific research team. The team’s explicit
knowledge is combined with that from other experiments and preserved in scientific
publications or patents. Nevertheless, combining different types of knowledge scientific
research team members, mostly principal investigators, needs to use tools and artefacts
proposed in the Activity Theory model. Writing scientific publications involves scientific
discussion at the team, department, or project level and peer review from other scientists

Implicit Implicit
Socialization Externalization
Performing Discussion about.the
- . . =1
E experiments and results obtained, z
= filling out reflection on mistakes z
laboratory notes made -
Combination
- Reading scientific Scientific discussions, 51
g publications, searching writing and reviewing =
= . N ¥ . . =
for information in open scientific articles; =
access databases patenting
Explicit Explicit

I - individual G - group O - organization E - environment

Figure 5. The process of knowledge creation in scientific research teams
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in the field, thus combining the knowledge of many different research teams into a single
scientific product. Internalization involves reading scientific publications and searching
open-access databases for information to design new experiments and hypotheses that
emerge in project-based single-loop or double-loop organizational learning (Figure 5).

The literature review and empirical study specify that two criteria are needed for an

effective knowledge creation process:

a) Building the right organizational culture. Scientific research teams foster an open
organizational climate for knowledge sharing, characterized by trust, acceptance,
inclusiveness, support, professional development, and responsibility, enabling open
information sharing within the team and cultivating autonomous young researchers
who take up knowledge creation in new scientific fields.

b) Usage of information and communication tools. Researchers Bailey et al. (2012)
and Griffith et al. (2003) argue that ICT is an integral part of coordinating work
in teams, and is particularly useful in geographically distributed teams. The study
shows that ICT helps scientific research team leaders perform their jobs more ef-
ficiently, given the flow of the fifth industrial revolution and the breakthrough of
artificial intelligence by facilitating rapid, reliable knowledge sharing, enabling
remote consultation regardless of the geographical location, and supporting the
simultaneous production of papers or scientific publications.

Conclusions and Suggestions

The theoretical analysis of the knowledge creation process suggests that knowledge
creation occurs in the Ba space, when the explicit and tacit knowledge of the orga-
nization’s knowledge assets is transformed into one another during the knowledge
conversion (SECI) process. In the knowledge creation process, principal investigators
play an important role, setting a vision for knowledge, creating and managing it, and
promoting continuous knowledge conversion. During knowledge conversion, the exist-
ing knowledge is expanded both qualitatively and quantitatively, thus creating added
value for the organization. Ba is described as a shared space for knowledge creation,
with four types distinguished: initiating, interacting, cybernetic, and practitioner. The
meaning of space correlates with the stages of the SECI process.

Knowledge creation in scientific research teams occurs by conducting research based
on already existing knowledge and is the primary goal of R&D projects. Scientific
research teams are designed to address complex scientific questions and are classified
by the expertise of their members as unidisciplinary, multidisciplinary, interdisciplinary,
or transdisciplinary. They face challenges posed by cultural and organizational norms,
career stages, differences in communication and work styles, and situations of mass
motivation, which can be mitigated, and favorable conditions for knowledge creation
are created by an appropriate organizational culture. The quality of scientific work,
the integrity of scientific research team leaders, and the compliance of R&D projects
with the requirements of the scientific field, national and international priorities, and
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government institutions depend on scientific research team leaders’ leadership practices.
The duration of project implementation is shortened by effective knowledge sharing
between teams, and the team members’ use of ICT. The principal investigator’s effec-
tive role must account for medium- and long-term scientific visions and perspectives.

» According to the results of the qualitative study, the knowledge creation process in
life sciences scientific research teams take place, including the knowledge conversion
(SECI) model. The following methods are used for knowledge creation: conducting
experiments, documenting laboratory notes, reflecting on errors, participating in
scientific discussions, patenting, reading, writing, and reviewing scientific articles,
and searching for information in databases. Two criteria are essential for ensuring an
effective knowledge creation process: fostering an appropriate organizational culture
and using ICT tools.

» The research findings highlight the need for guidelines for scientific research team
members, which emphasize the importance of each SECI model stage and its methods.
A clear understanding of the specific methods that contribute to effective knowledge
creation would help principal investigators and team members better appreciate one
another’s interests when pursuing shared and individual goals, thereby improving
interpersonal relations.
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