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of how, with the help of different sciences and best practices,
relevant problems in science can be addressed more efficiently.

The data presented may contribute to the development of a
model that allows for the establishment of a set of practices and
dynamics, such as those presented above, that can make more
efficient the work carried out in the area of knowledge generation,
especially in these research groups. This is in light of the fact
that future research will present more conclusive results on a
model of the practices and dynamics of these diverse research
groups. Covering the epistemic trajectories and the cross-functional
value systems will allow the generation and design of humanized,
comprehensive and evolved practice models to achieve a better
contemporary science practice that is a source of wealth and
social wellbeing.

2 Materials and methods

The present research was conducted in accordance with the
characteristics of a systematic review, following the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-
Analysis) and PIO (Participants, Intervention and Outcomes)
approach, emphasizing a detailed description of the steps taken.
The search for information was accomplished by taking into
account the background of four of the most important databases:
PubMed is one of the most recognized databases for biomedical and
public health research; BIREME is a key database for health studies,
with access to scientific literature in Spanish and Portuguese,
expanding the diversity of sources and perspectives in research;
Web of Science has broad multidisciplinary coverage, providing a
comprehensive view of the evolution of knowledge in various areas;
and Philosopher’s Index is a crucial database for studies that address
epistemological and axiological aspects of science, in a time span
between the years 2010 and 2023.

As already mentioned, this study is divided into three main
phases, Figurel shows its structure and central elements of
each phase.

2.1 Phase one. PIO and PRISMA strategy

The PICO and PRISMA approaches were used to answer
the research question: What are the research practices and
axiological foundations that are being applied in technoscience
and contemporary science within multi, inter, transdisciplinary and
cross-functional groups? to formulate a clear research question
aligned with the study’s objectives. Carrying out the systematic
review from these two perspectives enhances the results; first,
because with the use of PIO we start from a well-defined research
question that dissects each of its related terms; second, with
the use of PRISMA, the resulting papers are found, evaluated
and compared to find their similarities, differences, methods and
tools used. Therefore, the use of both perspectives in this review
complements the analysis of the documents found, PIO for one part
of the analysis and PRISMA for another.

The PRISMA review framework has been used to carry out
social research in several works (Serrano-Zamago and Altamirano-
Bustamante, 2021; Vedrenne-Gutiérrez et al., 2021), and it is also
considered pertinent to use the same system given its rigor and
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Research phases. The figure shows the three stages of this research
and their respective processes

strength for the construction of a systematic review; Therefore,
this framework is used in this research along with PICO. This
framework is widely used in systematic reviews to structure
research questions clearly and precisely, facilitating the search
and selection of relevant studies. The PICO system uses four
elements as a guide for the research: participants (P), intervention
(I), comparison (C), and outcomes (O). Given that the element
“comparison” is not relevant in this research, the PIO variant
is used, where the focus is on the population of interest or
participants, on the intervention within that population and on the
outcomes or effects of the intervention on the participants, in this
sense PIO is used when the objective is to explore the impact of an
intervention without contrasting it with an alternative. This type
of framework has been successfully used in other research and that
is why it has been chosen to be used as reference (Juarez-Villegas
et al.,, 2021; Monroy-Fraustro et al., 2021).

2.1.1 PIO strategy

In this case, the elements that include each one of the parts
of the PIO system were searched in relation to the central
topic discussed above, that is, identify studies that explore most
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analysis tool.

An analysis of the type of tacit or explicit
knowledge involved in these relationships was
conducted. Talking about the exchange of
explicit type of knowledge, from the coded
articles it was obtained that documents,
manuals and practice or training were the
most common elements with which the group
members of these articles interact.

FIGURE 2

META-ANALYSIS ROADMAP

Hermeneutic analysis was used (Ricoeur), in which there are several stages to carry out the analysis, the
first is a naive reading, in the second it is @ more precise reading, in the third stage, a reading is done that
attempts to incorporate each of the elements of the previous stages.

An analysis was made of the type of tacit or explicit knowledge that participates in these relationships.
Used as relevant codes that Echeverria has exposed.

The analysis could be done, using families and codes, carried out in the Atlas ti program as a qualitative

An analysis of the main forms of
communication among the members was
done: group meetings, conversations, either
online or face to face, or through more
personal interviews, use of digital tools
(email, text messages or social

media), reasons for communication.

Meta-analysis roadmap. This figure details the bases of the research analysis and outlines some important results.

Axiological

An analysis of the most common value
families like social, moral, economic,
technical, epistemic values, research
practices and types of communication
was done.

that attempts to incorporate each of the elements of the previous
stages, achieving an interpretation of the text that is as complete
as possible.

The first reading was conducted to identify the important topics
and articles, which was followed by a second reading. To better
understand the way in which the exchange of information occurs
between members within the groups analyzed in the articles, an
analysis was made of the type of tacit or explicit knowledge that
participates in these relationships. Tacit knowledge is acquired
through experience and cannot always be expressed in words. It is
transmitted through gestures, attitudes, implicit norms, practices,
observations, or the shared context between individuals. In
other words, it involves tacit communication between individuals
that requires no formal explanation. Within this process, tacit
information elements (such as experiences, habits, learning styles)
facilitate the exchange of information without the need for explicit
documentation (Polanyi, 1966). To conduct this task, the analysis
used as relevant codes or themes that Echeverria (Echeverria, 2003)
has exposed in his axiological study that is present in the work
of technoscience. In this way, the analysis could be done, using
Echeverria’s families and codes, carried out in the Atlas.ti program
as a qualitative analysis tool. See Figure 2.

3 Results

3.1 Phase one. Overview of the practices of
research groups

The search strategy was the PIO approach, this being
participants, intervention and outcomes. Each of these elements
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or items included the main concepts that need to be present in
the search for practice models or diverse scientific communities
dynamics contextualized in the current era of technoscience. As
the subjects to be analyzed are the scientific communities or
the research groups—such as cross-functional ones and their
practices—the terms that are part of “P” (participants) are selected

» o«

in that direction, so “scientific communities,” “technoscientific

» o«

communities,

» <«

cross-functional groups,” “research groups,” or
“practices” were some of these elements. Then, for the election of
the elements of “I” (intervention), concepts that reflected their ways
of working were searched, so the concept “model” was the main one
and it was related to other useful concepts to scientific work, such
as “theoretical model,” “research model,” “social model,” “plural
model,” etc. Finally, to choose the elements of “O” (outcomes),
concepts related to the practices of these research groups, such as

»

“productivity;” “skills,

» «

networks,” “cohesion,” etc., were used. With
all these elements, the search in the selected databases was started,
as shown in Figure 3.

Four thousand documents were obtained to initiate the
screening of the results using several exclusion conditions. Some of
these conditions were the duplication of articles or being written
in languages other than English or Spanish, or in letters or in
books. Therefore, when applied to the filtration, the results were
reduced to 32 final studies. Figure 4 shows the path of the filtration
conditions of the documents; the final stage where only the papers
to be qualitatively analyzed in the Atlas.ti program remained.

Subsequently, the review of the data of these selected articles
began. The first feature found was that a third of them are an
empiric type of study (Roa-Atkinson and Velho, 2005; Béscolo
et al,, 2006; Millerand and Baker, 2010; Zammar et al., 2010;
Mcdonald and Patka, 2012; Woodruff, 2013; Erden et al., 2015;
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summing all the PIO components.
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Decision tree process. The figure shows the search process in each of the selected databases, detailing the search terms separately and subsequently

Lape et al., 2018; Beeker et al., 2021; Love et al., 2021; McCormack
and Levites Strekalova, 2021; Sargent et al, 2022), while the
other two thirds are a theoretical type of study (Fertman et al,
2005; Pahl-Wostl, 2007; Bérner et al., 2010; Dlouhd et al.,, 2013;
Bisol et al., 2014; Sung and Parboteeah, 2014; Umpleby, 2014;
Green et al, 2015; Sanders and Kirby, 2015; Snyder et al,
2016; Grand et al,, 2018; Salamone et al., 2018; Stevens et al.,
2018; Lienert and Linkov, 2019; Hulcr et al,, 2020; Weiskopf,
2020; Begerowski et al., 2021; Tolk et al, 2021; Beans et al,
2022; Tittlemier et al., 2022). This highlights the fact that,

Frontiers in Research Metrics and Analytics

nowadays, when talking about studies of models of practice and
interaction among the members of diverse scientific communities,
we are mostly talking about theoretical analyses, which are
more concerned with conceptual or structural elements than in
a type of intervention focused on questions of interaction or
processes of communication among the members of this types
of groups.

Regarding the studies that do choose to conduct an
empiric type of research, they mostly (90 of them) conduct
case studies to research groups and their members. Only
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FIGURE 4
PRISMA flow diagram. The figure details the articles selection process, including the papers found from all databases, until reaching the included
studies.

Erden et al. (2015) chooses to conduct an analysis to several
research groups that develop their work within business
or industries, focused on the reputation-economic benefit
relationship for business, being the only document that addresses
the economic benefit that certain research practices produces
in business, such as the reputation gained by the value of their
assets, results of the work of the scientific group in charge of
the R+D.

The remaining articles using an empirical type of research
are, as mentioned above, conducted with focus groups of interest,
ranging from small communities of practitioners (Beeker et al.,
2021) to large groups consisting of students and researchers from
various branches of science and support staff (Roa-Atkinson and
Velho, 2005; McCormack and Levites Strekalova, 2021). Several
tools were used to collect data and it was found that the most
consistent were surveys (36), interviews (27), and educational or
learning workshops (27).

Regarding the articles that conducted a theoretical study, it was
found that theoretical or conceptual analyses of specific models or
proposals (Sanders and Kirby, 2015; Weiskopf, 2020; Beans et al.,
2022) and reviews (Grand et al.,, 2018; Begerowski et al., 2021;
Tittlemier et al., 2022) were the most used tools, each one signifying
38 of the total of documents. See Table 1 next.
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3.2 Phase two. Hermeneutic analysis of
knowledge, values and social elements of
research group practices

3.2.1 The relevance of tacit knowledge in group
interaction

To understand the dynamics of information exchange within
the analyzed, we examined the tacit or explicit knowledge involved
in these interactions. The results of the analysis conducted in the
Atlas.ti program are presented below.

Talking about the exchange of explicit type of knowledge, from
the coded articles it was obtained that documents (30), manuals
(23), and practice or training (23) were the most common elements
with which the group members of these articles interact, as opposed
to tutorials or software, which are the least frequent elements. This
indicates that, even with recent technologies and the great progress
made in recent years in the development of ICT, the traditional
elements that have intervened as mediators of information among
the professionals in these groups still prevail. The papers where this
type of information exchange is most consistently represented are
Hulcr et al. (2020), Beans et al. (2022), or Begerowski et al. (2021).

On the other hand, when tacit elements of knowledge
exchanged are analyzed, there is an increased focus on them in the
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FIGURE 5

Atlas.ti.

Connections and centrality of value. This figure shows the most common codes from the analysis and their relationship with others, generated with
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from any decision or action that harms their health; or that
the value of creativity has a meaning as an aesthetic value,
given its relevance to the idea of originality and breaking with
the existing.

Figure 5 shows the connections and the degree of centrality of
the values and practices with respect to each other, locating the
relevance of each of them in relation to the coded papers:

If the family to which these elements belong is indicated, it
will be easier to understand the most frequent practices and values
among these communities analyzed in the research papers. This is
because this data is found based on the total of the rootedness of
all the elements of the same family, data that slightly varies when
compared with the results of the individual codifications. Figure 6
shows families with the highest amount of rooting or codings:

This way, the most frequent families in the studies of cross-
functional research groups are obtained, which indicates the type
of practices analyzed or explained by these papers. This reveals that
research practices and social, economic and epistemic values, in
conjunction with the types of communication, are the most studied
concepts. This means that the practices addressed in these studies
of the various scientific communities focus on these five topics, and
in an underlying way, tacit communication, technical values, good
research practices, moral and administrative values, and explicit
communication are also addressed. A more detailed analysis of
these practices and values will be followed below, but here are only
shown those that are most common in current studies.

Frontiers in Research Metrics and Analytics

3.2.4 Generation of the main practical and
axiological networks

To identify the most prominent relationships within the
practices of the analyzed research groups, we examined the
main co-occurrences and interactions between value families and
practices in the studies. As each concept is bound to a family, these
families were located only with the purpose of later finding the
relations among the resulting families. Table 3 shows the major co-
occurrence of the values and practices, indicating with different
color the family to which each one belongs.

3.2.4.1 Main practices and interaction within the
research groups

From the analysis of selected papers, derived from the most
relevant values and practices, the practices and the dynamics of
the scientific communities or the cross-functional research groups
that were found are shown. Those relations among the most
representative families were chosen by analyzing their interaction
with other families and, with the help of Figure 7, the strength of
these relations among the selected families can be clearly seen.

In Figure 7 it can be observed that, given the closeness and
thickness of the bonds, the central triangle formed by the families
of social, research and economic values are the main practices that
were found in the studies, given that they are the ones with the
strongest bonds, as well as being related with five or six different
families. Meanwhile, the secondary families would be those of
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Values families. The figure presents the most common families of values and practices that resulted from the document analysis, generated with
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types of communication, good research practices, technical values
and epistemic values as they are each related to four different
families. Finally, the tertiary families are found, those of moral
values and tacit and explicit communication, which are related
to only one family, respectively. These networks formed with the
families represent the three most common practice relations, four
secondary practice relations and three tertiary practice relations
within the analyzed articles.

These practices are grouped together on five main relations:
social values and research practices, research practices and
economic values, social values and economic values, research
practices and types of communication, and social values and
good research practices. Below, how these practices are formed
is explained to get a perspective on the structure of the scientific
communities studies.

3.2.4.2 Social values and research practices as central axis
to the practices of research groups

The relations between these two groups are fundamental to
understanding the practices of the research groups. This relation
has the most presence among the articles analyzed, given that
the co-occurrence among the elements of the families of social
values and research practices are the most numerous (42 co-
occurrences). This means that these articles place their attention
on the research practice in conjunction with social values that
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play a fundamental role in said practice. The analyzed relation
was that of cooperation (social) and inclusion (research), finding
that the cooperation value is closely related to the inclusion
practice when performing the research task, as represented
in Figure 8.

The quotes below show some examples of how inclusion
within  the cross-functional

is related to cooperation

research groups:

“Cross-disciplinary projects, including those implemented
by the CLAHRCs, can be considered as a variant of
boundary practice because participating in this kind of
project exposes practitioners to specific tasks going beyond
their normal practices and forces them to negotiate their
own competencies with the competencies of others” (Kislov,
2012). “Thus, recognizing a common cause between the
institution’s goals and the patient can logically lead to
the establishment of an advocacy committee to collectively
facilitate faster clinical advances. By providing appropriate
support, resources, and feedback, the institution will help
ensure the success of the committee and the achievement of its
objectives” (Salamone et al., 2018). “However, by extending the
existing breeding oriented networks formally to encompass a
broader range of stakeholders, including agronomists, national

extension services, agricultural non-government organizations
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FIGURE 7

Relations between families. This figure shows the most representative families of values and practices and their centrality, generated with Ucinet. The
colors of the nodes are explained below. Families color: Yellow, Types of communication; Blue, Social values; White, Research practices; Brown,
Moral values; Gray, Technical values; Navy, Economic values; Black, Explicit knowledge; Red, Good research practices; Pink, Epistemic values;
Turquoise, Tacit knowledge. The numerical value between one family and another is the frequency with which they were related.

(NGOs), etc., the impact of both national and international
crop improvement programs would be multiplied” (Reynolds
etal., 2012).

3.2.4.3 The relation between research practices and
economic values as another of the fundamental practices
of diverse groups

This relation shows how the investigations are exposing
the benefits that collaborative practices of inclusion in research
had, and specifically the great importance that the relation
between (economic) benefit and (research) inclusion has.
This relation describes not only the economic benefits of a
research practice, but also the benefits regarding the research
work and the objectives pursued in it, as facilitators of the
research practice to come to answer in a more efficient way
the questions posed, etc. Some of the relations are shown
in Figure 9.

The most recurrent idea obtained from the analysis was
that the inclusion within the scientific communities is beneficial
to answer their questions or achieve the objectives posed by
the group.

“Approaches to conducting research that involve a
partnership between researchers and knowledge users during

‘ the research process are now being employed to develop
‘ knowledge that is deemed more relevant to knowledge users”
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(Tittlemier et al., 2022). “For instance, leaders who show
humility and inclusiveness are more likely to develop a
psychologically safe environment for their team members”
(Begerowski et al., 2021). “In this setting, scientific experts must
not only develop plain-language explanations for technical
concepts but also engage community partners to help them
understand salient cultural, material, social, and historical
factors that are relevant to the research” (Beans et al., 2022).

3.2.4.4 The relation between social and economics values
as another fundamental practice

This relation has as main actors the (economic) benefit and
the (social) cooperation. As mentioned in the relation above, the
benefit described in the analyzed codes of the documents is not
only seen as economic, but also in relation to the group objectives
and the tasks to be performed in the research practice. Therefore,
the benefits analyzed in the cooperation among the members
that belong to diverse scientific communities are reflected both
in the aspect of the group efficiency and its impact on the funds
or the investment obtained to develop the research conducted.
See Figure 10.

The following examples show some kind of
benefit that was found in the analyzed studies of
certain proposals in the research practice within the

research groups:
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citations as examples, generated with Atlas.ti.

Cooperation and inclusion network. This figure shows the network of co-occurrence of the values of Inclusion and cooperation and some of their

“The CoP approach has been demonstrated to enhance
interprofessional clinical practice (White et al., 2008), facilitate
quality improvement, encourage buy-in among participants,
promote knowledge transfer (Bentley et al, 2010), and
contribute to the development of services spanning the
interests of different stakeholders (Lathlean and le May, 2002)”
(Kislov, 2012). “The network cooperation also has an impact
on the education system, i.e., it supports a transition toward a
more open, action-oriented and decentralized system” (Dlouha
etal., 2013).

3.2.4.5 The importance of the relation between the
research practice and the types of communication as a
relevant practice for these communities

The relations found between these two families are directed
toward the ways in which communication has an impact or some
kind of influence on the research activity practice. The elements
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that belong to these relations between these families are the research
practices, such as cohesion and inclusion, while in the types
of communication are conversations, meetings and interviews.
In the analysis, it is highlighted that cohesion and inclusion as
research practices are developed more efficiently whenever there
are interactions among the members of the research groups, mostly
through conversations, meetings and interviews. Some examples of
this are shown below:

“Through regular teleconferences, working group
members suggested examples to illustrate a range of precision
medicine research applications. During this process, the group
reached consensus about the scope of precision medicine
research and defined next steps to develop case examples”
(Beans et al., 2022). “This can be the starting point for a
reflection which proceeds from the specific, personal aspects
to the construction of more general, abstract concepts, and

theories” (Beeker et al., 2021).
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FIGURE 9

Benefit and inclusion network. The figure presents the network of Co-occurrence between the values Inclusion and Benefit and some citations,
generated with Atlas.ti.

In regards to the relation between the meetings and the  3.2.4.6 The relation between social values and good
cohesion achieved in them, the following examples of other research practices as frequent practices in
analyzed articles are shown: research groups

The last relevant relation from the research analysis was

“Although the exact contents of a team charter may vary  between the family of social values and the family of good research
from team to team, the initial meeting to form a team charter  practices, where cooperation as social value is closely related
can also provide a guided discussion format for teams to  with the continuous learning practices within the groups. This
define their problem space, as is necessary for the development  suggests that continuous learning is seen as a practice that increases

phase” (Begerowski et al., 2021). “For a short period, we  cooperation among the members of these types of groups, an idea
used research diaries to document our efforts but had to  thatis proved by the following examples:

acknowledge that taking notes separately did not advance

a shared understanding. Instead, we started an open and “In a socially situated view of learning, individuals
ongoing reflexive process, consisting of special meetings, online continuously combine and modify knowledge through their
discussions, and supervisory sessions for this purpose” (Beeker ‘ everyday operations and interactions between each other”
etal., 2021). ‘ (Kislov, 2012). “The team started a learning collaborative led
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Cooperation and benefit network. This figure presents the co-occurrence network between the values Cooperation and Benefit and some citations

by three members who further explored this question and
developed a de-identified survey which was completed by all
HWA members” (Sargent et al., 2022).

This way, the main practices present in these current
communities or research groups are described, based on the studies.
These practices show the relevance of social and economic values,
good research practices and the types of communication established
among these group members. These relations are found to be most
frequently represented in the study offered by the articles, but it
does not indicate that they are the most preferable or those that
work best to achieve a good interaction and communication among
these group professionals.

In order to find the dynamics that expose the most
recommendable practices for these diverse groups, it is necessary
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to conduct another type of analysis, which studies the advantages
and disadvantages of the practices that are presented as
desirable, and, if it is possible, to conduct or review an
empirical study that serves as contrast to some proposal
in this direction. In the future, a research that focuses on
these problems will be designed, to try to propose a model
or framework of recommended practices in the scientific
work that exists in scientific communities or cross-functional
research groups.

4 Phase three—Discussion

In the systematic review, it was found that the relevance
of theoretical analyses is greater than that of empirical studies,
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Highlighted points analysis. The figure presents a summary of the main research findings, both from the systematic review and the meta-analysis.
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