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Abstract

Choosing the right field of study is a crucial moment that can determine an
academic's professional future. While it is typically recommended for those at the
start of their scientific career to carefully select their field of study, studies in the
field of field migration have shown that it often involves the transfer of knowledge
and ideas between different fields. This research focuses on understanding the
migration patterns of faculty members at the University of Tehran during the period
from 1980 to 2022, specifically examining interdisciplinary shifts among aca-
demics. Data on faculty members’ academic backgrounds was collected, and 309
individuals with dual degrees were identified. VOS viewer and Node XL were used
to illustrate their field mobility. With disciplines classified based on the
International Standard Classification of Education (ISCED). The classification of
disciplines was based on the International Standard Classification of Education
(ISCED). The findings revealed that 74% of faculty members migrated to
a completely different scientific field, while only 26% engaged in intra-field migra-
tions. This indicates that most individuals crossed rigid boundaries between broad
scientific fields rather than opting for neighboring fields within the same discipline.
The study concludes that the pattern of field migrations highlights the artificiality of
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field borders and reflects researchers’ desire to foster communication and collabora-
tion across various disciplines underscoring the importance of increased interdisci-
plinarity in scientific endeavors.

Keywords Boundary crossing - Field migration - Social sciences - Field mobility -
Interdisciplinary - Migration patterns

Introduction

Choosing a field of study is a critical moment for every professional. Therefore, it is
usually recommended that those who are at the beginning of their scientific career
choose their field of study with sufficient information. Since the earliest times,
university departments have been organized by disciplines (Veysey 1965); disci-
plines and universities have mutually influenced each other (Sa 2008). In this
regard, the policy of discipline-oriented universities expects academics to choose
a field based on the existing divisions, to work within specific boundaries, and to
participate in conferences and associations related to their field of study. The
existence of these rigid boundaries between disciplines has hindered the circulation
of people and the creation of free communication and interaction between different
disciplines. However, despite the rigid boundaries between scientific disciplines,
many have changed their disciplines during their professional life; in fact, studies
have shown that individuals in various scientific communities do not spend all their
time in one field but rather may switch their field of activity more than once
throughout their career path.

Switching fields of study means that a student does not continue in their prior
field of study but instead migrates to another field. For example, a person with
a bachelor’s degree in biology may pursue a master’s degree in sociology. Ziman
(1987), identifies there are three methods through which researchers can move
between scientific disciplines and scientist-field transitions: Diversification:
A researcher may opt not to focus exclusively on a single specialized area within
their field. Floating: Scientists engage with multiple fields but do not fully abandon
their initial discipline. Migration: Researchers either voluntarily or involuntarily
shift entirely away from their existing field and begin working in a new domain.
These shifts contribute to distancing scientists from further depth in their original
areas while also allowing them to acquire knowledge beyond their initial scope
(Ziman 1987).

This phenomenon of changing scientific disciplines is referred to as “field
mobility” (Le Pair 1980; Van Heeringen and Dijkwel 1987) and can be studied
by observing the scientific activities of researchers while passing through different
scientific fields. This concept has also been discussed in other studies as Field
Switching (van Houten et al. 1983; Seymour and Hewitt 1997), and Field Migration
(Hargens 1986).

Some researchers have also emphasized that a change in the field of study
can lead to the transfer of knowledge and the circulation of scientific and
technical human capital between remote scientific fields. The concept of
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“scientific and technical human capital” borrowed from the concept of “social
capital” was introduced into scientific evaluation by Bozeman et al. (2001)
from the field of sociology. According to Bozeman et al. (2001), scientists
acquire education and training in schools and universities, collaborate with
other researchers, communicate with members of the scientific community, and
establish a scientific network throughout their scientific careers. Through this
process, they bring a set of behaviors, resources, and ideas into their field of
study, which affects the ways of producing science and their scientific perfor-
mance. This process leads to the development of skills, knowledge, and
specialized abilities and the creation of scientific and technical human capital
(Bozeman et al. 2001). The scientific capital, skills, and knowledge offered by
individuals with different educational backgrounds will vary significantly.
Therefore, it can be claimed that degrees obtained in a particular field of
study from different universities are not equivalent. In fact, there will be
differences in the scientific capital of two individuals who obtained their
degrees from different universities. Similarly, there will be differences
between the skills and scientific capital of an individual who received all
their education in one field compared to someone to someone who migrated
between two or three scientific disciplines and so has different bachelor’s and
master’s degrees (Bozeman et al. 2001). This will affect their understanding of
science and all their future scientific endeavors.

Literature review

Some studies have mainly focused on the causes and factors of leaving a scientific
discipline: (Le Pair 1980; Seymour and Hewitt 1997; Ohland et al. 2008; Marra
et al. 2012; Pramanik et al. 2019). According to these studies, factors, and motiva-
tions for changing disciplines are very diverse. The quality of relationships between
university members, mutual relationships between students and professors, and
structural and cultural characteristics of universities (Seymour and Hewitt 1997)
are some of the mentioned reasons for field migration.

Other studies have pointed their attention to the effect of field migration on
interdisciplinary scientific relations (Mulkay 1974; Hargens 1986; Rinia et al.
2002). Mulkay (1974) believed that scientists are “knowledge bearers”. The move-
ment of scientists from one discipline to another is one of the most effective
activities to communicate and circulate knowledge between various scientific
fields” (Bordons et al. 2004). As the new mode of science production suggests:
“The more a scientific system allows its members to move, the more powerful
science production will become”(Gibbons et al. 1994). Numerous studies have
focused on the amount of knowledge transfer amongst scientific fields (Cronin
and Davenport 1989; Lockett and McWilliams 2005; Goldstone and Leydesdorff
2006; Hessey and Willett 2013) and many efforts have been made to draw Map of
relationships between scientific domains using publication data (Boyack et al. 2005;
Rafols and Meyer 2010); or citation data (Moya-Anegon et al. 2004; Liu and Wang
2005; Porter and Rafols 2009).
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An academic individual by moving between disciplines can gain new skills,
and ideas and learn new methods, principles, and theories (Laudel 2003). For
this reason, scientific mobility is considered one of the most important con-
ditions for enriching scientific disciplines. As the knowledge and skills
acquired by scientific migration can significantly influence the field.; Mulkay
(1974) views inter-disciplinary migrations as equal to “displacement of con-
cepts” where scientific concepts can be transferred by field migration. In fact,
Mulkay showed that knowledge, ideas, and methods of one’s original disci-
pline will be transferred to the new field and will create a new application
(Mulkay 1974). The study of such migrations gives us information about how
concepts move, which in turn increases our understanding of how scientific
concepts grow and develop

From the summary above, the following conclusions were reached:

+ Scientists moving from one scientific network to another will usually be accom-
panied by the transfer of concepts;

* The movement of scientists from one scientific network to another will usually
be accompanied by the transfer of concepts;

* Entering a new field, on the one hand, can solve previous problems, and on the
other hand, it can direct the attention of former members to newer problems.
Additionally, it has the potential to create new scientific networks.

Later studies regarding the migration of scholars between scientific fields confirmed
the results of Mulkay (1974) and showed that migrations usually take place based
on the conceptual and cognitive affinity of scientific fields with each other; Hargens
(1986) pointed out that the primary reason for migration between disciplines is the
existence of common concepts and the number of common topics between those
disciplines. Moreover, many migrations of scientists show the importance of that
discipline for the recipient fields; some sciences are considered as the basic fields
for other disciplines and lead to a better understanding of difficult scientific con-
cepts, and in this sense, they have high scientific value and competence (Le Pair
1980). Le Pair (1980) investigated the transfers made by faculty members between
different scientific fields within an institution in the Netherlands. Considering the
fact that every educated person can be a transmitter of knowledge and ideas, he
acknowledged that specifying the fields of giving and receiving in order to show the
flow of ideas among scientific fields can indicate the degree of influence of
disciplines on each other. Le Pair (1980) highlighted that the fields of physics and
chemistry are among such fields. Three years later van Houten et al. (1983)
examined immigrant physicists in the same institution studied by Le Pair (1980).
According to van Houten et al. (1983), over half of the physicists in the institute
worked in departments outside of physics, they demonstrated that the former
physics members believed their prior studies significantly influenced their new
work. Van Houten concluded that physics serves as a foundational field for astron-
omy and chemistry whereas mathematics does not hold the same role. Finally, many
physicists particularly those who made a significant impact in their new field, still
identify themselves as physicists and maintain their affiliation to their original
(previous) field.
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As a result, individuals who have changed their fields of study actively
engaged in two or more different fields instead of just one. Consequently, they
are more multidisciplinary compared to those who have worked in a single
field. Given that a multidisciplinary approach is an advantage in today’s
academic world some institutions such as the National Academy of Sciences
(2005) have encouraged their members to study in more than one field (Kim
2006) With the belief that studying in several disciplines provides commu-
nication between different scientific fields and equips individuals with multi-
disciplinary skills (Rinia et al. 2002).

Being multidisciplinary not only enhances communication and cooperation
among individuals but also plays a crucial role in scientific activities. For instance,
when someone transitions from sociology to biology, they not only establish
a connection within sociology but also come across researchers from their previous
field of biology. This expands their communication networks and fosters their
scientific collaboration (Kim 2006). Hargens (1986) conducted a study on the
structure and migration patterns of scientists, focusing on the flow of ideas and
knowledge between science disciplines, and highlighted the migration of research-
ers in and out of physics, emphasizing cognitive similarities as the basis for
interdisciplinary migrations. Hargens (1986) noted that these migrations involve
knowledge transfer, making them valuable for studying knowledge flow across
scientific fields alongside citation analysis. Urata (1990) later supported Hargens’s
findings.

Research objectives

Research in the area of field migration has shown that field migration is
accompanied by the transfer of knowledge and ideas from one field to another.
This allows researchers to use the data on field migration to analyze and
interpret the level of flow of knowledge between scientific fields. (Le Pair
1980; Rinia et al. 2002; Ackers 2005). One of the benefits of moving between
scientific fields is the opportunity it provides for the circulation and transfer of
knowledge from one scientific field to another, which is known as a crucial
factor for the advancement of science and scientific knowledge (Urban 1982).
Given the significant role of field migration in the scientific community, this
paper aims to examine the migration pattern of faculty members at the
University of Tehran from 1980 to 2022. Specifically, we will explore the
following:

To display the percentage of field migrations of University of Tehran faculty
members

To create a map of migrations between broad fields of science;

To create separate scientific maps of faculty member migrations from in and out of
narrow scientific disciplines for each of the eleven broad fields.

To compare scientific migration between and within the fields.
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Methodology
Research context

This study was undertaken at University of Tehran, the oldest and most prominent
Iranian university located in Tehran, Iran. The University of Tehran offers its
educational services through more than 100 educational units and has 1720 faculty
members. The reason for selecting the University of Tehran among other univer-
sities in Iran was its comprehensive coverage of scientific disciplines across all 9
broad fields required for this study.

Data description

We needed information about those faculty members who obtained their PhD
degrees in a field different from their Bachelor’s and Master’s, in scientific literature
they are called field switchers or double degrees. In order to obtain this data, we had
to study the resumes of all faculty members in all scientific departments. This data
about the faculty's academic background was gathered from the University of
Tehran’s database in March 2022. Out of all faculty members, 309 (18%) were
identified as double degrees. Some of them had changed their disciplines twice.
These groups of faculty members were moved to the next step to be analyzed by our
visualization tools.

Tools

VOS viewer and Node XL were used as our tools to illustrate the field mobility of
309 faculty members. Node XL is an open-source add-in toolkit within Microsoft
Excel that can be used to discover, explore, and visualize network data (Smith et al.
2009). This software apart from being very flexible and easy to use, provided the
possibility to show in-degree and out-degree edges which was a crucial factor for us
to choose an illustration tool. In addition to Node XL, we also utilized VOS viewer
to create additional illustrations as it generates clustered maps which enhances our
understanding of the data being analyzed.

It is worth noting that our discipline classification was based on the International
Standard Classification of Education (ISCED) which was developed in 1976 by the
United Nations Educational, Scientific and Cultural Organization (UNESCO)
(UNESCO 2012)

Results

Our data indicates that 18% of faculty members of the University of Tehran have
changed their field of study at least once. This means that they obtained a bachelor's
or master’s degree in a different field than their doctoral degree. The percentage of
scientific field migration among faculty members is presented in Table 1.
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Table 1 Percentage of migrations to different fields

Broad field Percentage of migrations Percentage of Percentage of total
from a field migrations to a field = migrations

Education 2 6 4

Arts and humanities 14 10 12

Social sciences, journalism 11 21 16

and information

Business, administration and 6 13 10

law

Agriculture, forestry, fisheries 6 3 5

and veterinary

Engineering, manufacturing, 21 13 17

and construction

Health and welfare 11 11 11

Information and 6 4 3

communication technologies

Natural sciences, 23 19 22

mathematics, and statistics

The percentage of total migrations reveals that the majority of University of
Tehran faculty members (22%) migrated within the field of Natural sciences.
Conversely, the lowest number of migrations occurred in Education, Information
and Communication Technologies, Agriculture, Forestry, Fisheries, and Veterinary
sciences. Social sciences received the highest percentage of immigrants at 21%.
Additionally, Natural Sciences (23%) and engineering (21%) were the primary
fields contributing immigrant donors to other fields.

Our second objective was to draw a comprehensive map of migrations to
illustrate the migrations that happened between broad fields; to achieve this we
utilized two illustration software programs, VOSviewer and NodeXL. In both maps
clusters are represented by colors and nodes are labeled with their narrow field
category names (Figs. 1 and 2)

Figures 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 show field
migrations that occurred within each broad scientific field. Each node represents
a narrow field and each narrow field is distinguished by shape and color. Directed
edges indicate migrations in and out of each narrow field. According to Figs. 5 and 6,
natural sciences experienced the highest influx of immigrants. While a large number
of faculty members migrated within Natural sciences (e.g. from biology to physics), it
also attracted immigrants from other broad fields, like engineering and medicine.
Significant migrations took place from physics to management, philosophy, educa-
tion, mechanical and electrical engineering. Within Natural Sciences, Physics and
Chemistry were the primary disciplines sending migrants, while biology was the main
recipient.

Figures 7 and 8 show that a large number of faculty members have migrated
from Mathematics and Physics to engineering. Engineering has also lost a large
number of faculties who mostly migrated to management. There are also migrations
to information science, political science, language and literature studies, and
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Fig. 1 Directed map of migrations of University of Tehran faculty between broad fields, drew with
NodeXL

philosophy. Figures 9 and 10, show the migrations within and out of social sciences.
The number of people who have left the social sciences is much less than those who
have entered this field. As shown the number of migrations from management
to other disciplines is less than migration to it. Management has accepted a large
number of immigrants from engineering; mostly from chemical engineering, electrical
engineering, mining, mechanics, and industrial engineering. In Arts and Humanities

Agriculture, igyestry, fisheri

Health o welfare

Natural scienoymathematics
Business, adngfpistration and |
Eduggtion
Engineering, migufacturing and
Sociat sciencégpjournalism an
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Fig. 2 Map of migrations of University of Tehran’s faculty members between broad fields with
VOSviewer. Larger circle indicates more migration to the field
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Fig. 3 Migrations from natural science disciplines to other disciplines

(Figs. 11 and 12) Linguistics, Religious, and theology have accepted a large number of
migrants. Figures 13 and 14 show a directed map of academic migrations in and out of
Health and Welfare. As it is shown there are many faculty exchanges between
medicine, biology, pharmacy, and chemistry. Figures 15 and 16 show that crop and
livestock production from agriculture, forestry, fisheries, and veterinary is the main
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Fig. 4 Migrations to natural sciences from other disciplines
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Fig. 6 Migrations from other disciplines to engineering
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giver of the migrants, and it has also received some migrants from natural science
disciplines. Figures 17 and 18 show academic migrations to Education. Education has
attracted many migrants from physiology, management, and biology. Figure 20 shows
that computer science has also accepted faculty members from medicine, physics,
mathematics, and engineering.

The percentage of 26 of the total field migrations occurred within the same broad
field, meaning that individuals changed their disciplines while remaining in the
same broad field. An example of this would be migration from Medicine to
Pharmacy, both falling under the field of health and welfare. On the other hand,
approximately 74% of migrations occurred between broad fields. For instance, an
individual may have migrated from one field of health and welfare such as nursing
to a humanities field like philosophy (Fig. 21).

Key findings include:
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Fig. 8 Migrations from other disciplines to social sciences

Approximately 18% of the faculty members studied held dual degrees.

Field migration occurred predominantly across broader scientific fields (74%),
compared to intra-field migrations (26%).

Faculty members tended to move into fields that were distinctly separate from their
original fields, indicating a desire to communicate and cooperate with different
disciplines.

These trends suggest that the boundaries between scientific fields may be artificially
constructed and highlight the importance of interdisciplinarity in modern science.

Discussion

The network of natural science migrations shows a high level of discipline
diversity. Kim (2006), unlike our research, showed that migrations from other
fields to natural sciences were only from engineering. It seems that migration in
and out of diverse fields of natural sciences is more common in our data. Despite
mathematics being considered a hard science, it has a good faculty exchange with
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Fig. 9 Migrations from business, law, and administration to other disciplines

social sciences. Such a connection between hard and soft science was also seen in
previous studies on science mapping, i.e., Porter and Rafols (2009). They pointed
out that despite mathematics being classified as a hard science; it has relationships
with other disciplines, especially with social sciences.

bk adminita

Fig. 10 Migrations from other disciplines to business, law, and administration
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Fig. 11 Migrations from arts and humanities to other disciplines

Our illustrated data reveals that physics, biology, biochemistry, chemistry, and
medical sciences are inter-connected through crop and livestock production. These
findings align with previous studies by Porter and Rafols (2009) and Leydesdorff
and Rafols (2009). The map drawn by Leydesdorff and Rafols (2009) also demon-
strated a link between chemistry, biology, Biomedical Sciences, environmental
science, and agriculture.

There are also migrations from physics, math, engineering, and medicine to
computer science. This part of our results is again in line with Porter and Rafols
(2009) as well as Leydesdorff and Rafols (2009) citation data. In all maps drawn
by them to examine the degree of interdisciplinarity, the interdisciplinary relation-
ship between physics, medical science, math, engineering, and computer science
has been established which is also seen in the networks illustrated in the present
study.

Many migrations happened within and between engineering, but, with low
discipline diversity. Previous research on field mobility, Le Pair (1980) and
Van Heeringen and Dijkwel (1987) also indicated a high number of migrations
from engineering to other disciplines. In the engineering network shown in
this study, the field of management is the only discipline from humanities that
engineering faculties have moved in and out of. Interestingly, a significant
number of current University of Tehran’s faculty of management, have
a background in engineering. The majority of migrations from engineering
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Fig. 12 Migrations from other disciplines to arts and humanities

in Iran can be attributed to its social context. Because engineering is given
high value and credit leading individuals choose it as a profession regardless
of their interests and talents (in Iran). Moreover, according to Enayati
Novinfar et al. (2013); the unsuitable labor market in Iran and the lack of
sufficient facilities to promote this industry in Iran can be reasons for this
large number of faculty members transitioning from engineering to other
careers.

Social sciences received a wide range of immigrants from humanities and
engineering, which means that a large number of professors in the social
sciences hold degrees in areas such as information science, literature, philo-
sophy, electrical, and civil engineering. This confirms the research conducted
in 2008 (Javaheri 2008). This research revealed that 71% of Iranian master’s
graduates in social sciences had academic backgrounds other than social
sciences. There has been a significant exchange between information and
sociology. The relationship between information science and sociology has
been explored in two studies Small (1999), and Leydesdorff (2007). This
connection exists because information science is closely intertwined with
social activities.
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Fig. 13 Migrations from health and welfare to other disciplines

Conclusion

Data on interdisciplinary migrations contain interesting information to explain the
formation of interdisciplinary relationships (Mulkay 1974; Hargens 1986; Urata
1990; Rinia et al. 2002). It is believed that researchers facilitate the flow of
knowledge by moving between scientific fields, and as carriers of knowledge,
they facilitate the transfer of knowledge between scientific disciplines. Maps of
migrations depicted in this study show high disciplinary diversity and network
coherence. Rafols and Meyer (2010), argued that the network diversity is an
indication of the degree of interdisciplinarity, this subject, occurred in this study,
among all migrations, within the nine broad fields that were illustrated by figures.
Natural sciences alongside engineering showed a great degree of interdisciplinarity.

According to Hargens (1986) and Urata (1990), the migration flow of researchers
between scientific fields is equal to the flow of citations between fields, indicating
that the results of migration and citation patterns of scientists are interchangeable.
By implementing Hargens and Urata's results in our study, it can be concluded that
the citation network of the University of Tehran faculty will be as dense as their
migration data.

Moreover, analyzing the donor and recipient disciplines can provide us insights
into the characteristics and structures of various scientific disciplines (Le Pair
1980). This study revealed that natural science disciplines were the primary source
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Fig. 14 Migrations from other disciplines to health and welfare

Forestry v

Economics

Fig. 15 Migrations from agriculture, forestry, fisheries and veterinary to other disciplines
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Fig. 16 Migrations from other disciplines to agriculture, forestry, fisheries, and veterinary

of migrants to other disciplines. Previous research has shown that scientific fields
that attract a large number of immigrants tend to place less emphasis on their own
contents and instead rely heavily on other scientific fields for advancement (social
sciences being a prime example). On the other hand, fields that send immigrants to
others are more independent than other fields. Moreover, the contents of these fields
can be considered as a basis for other disciplines (Le Pair 1980; Cronin and
Davenport 1989), physics and mathematics can be mentioned as an example for
giver disciplines. it is worth mentioning that physics and mathematics have been
classified as hard sciences (Becher and Trowler 2001)., which means that people
working within these disciplines tend to isolate their selves from other disciplines,
have the least connection and communication with others and as a result think less
to change their disciplines. Therefore, it seems that concerning interdisciplinary
migrations, the pre-determined classifications in relation to soft and hard sciences
have no precedent.

The data of the present research, like many previous studies (Le Pair 1980;
Rafols and Meyer 2010) showed numerous migrations between fields that are

Fig. 17 Migrations education Psychology
to other disciplines
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Poltical science

Management and administration
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Fig. 18 Migrations from other disciplines to education

closely related in terms of content, methodology, and concept. For example, many
migrations happened from nursing (from Health and welfare) to veterinary medi-
cine (from agriculture, forestry, fisheries, and veterinary), regardless of the fact that
these two fields are completely separated by broad field boundaries. Therefore,
a high frequency of faculty exchange between two or more disciplines indicates the
presence of similarities in the foundational principles of those disciplines (Le Pair
1980). There are also, a large number of migrations from psychology to education
(or vice versa). In Iran, generally, these two fields are placed together in one

Mechanics and ryletai't}ades
e
Medlicine

Fig. 19 Migrations from information and communication technologies to other disciplines
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Fig. 21 Migrations have broad number Of migrations

fields compared with migrations
within a narrow field of B Between fields m within fields

migrations

organizational unit, and in terms of structure and education, they are in close
connections. This indicates that the closeness of the organizational and situational
structure of the two disciplines can also be a motivation for migration between
disciplines. The other studies that have used the citation data showed psychology
and education have always exchanged a lot of information with each other (Rosvall
and Bergstrom 2008). Therefore, as Hargens (1986) pointed out forty years ago, the
existence of similarities and commonalities in terms of problems and methods, in
other words, cognitive similarities between fields, plays a significant role in creating
migrations. This can be concluded that moving between scientific disciplines and
making connections between different concepts tends to be more important than
paying attention to the predetermined boundaries between scientific disciplines.

Overall, the map of migrations showed that leaving a scientific field and crossing
a broad field (74%) occurs almost three times more than intra-field migrations
(26%). This indicates that leaving a field does not typically involve simply transi-
tioning to a related field within the same discipline; instead, the majority of
migrants cross the rigid boundaries between broader scientific fields and move to
fields that are completely distinct from their original field.

The conclusion of this study can be summarized as follows:

First, the pattern of scientific field migrations shows the artificiality of the
borders between fields; also it is an indication of the closeness of subject areas of
different disciplines. in general, it represents the desire and interest of researchers
to establish communication and cross the boundaries between areas of science,
which is itself a manifestation of the need for participation, communication, and
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cooperation between various disciplines and more Interdisciplinarity in science and
scientific activities.

Second, the most important contribution of this research is its facilitating role in
the process of choosing a field for novice scientists. Selecting a field is very
important and necessary to start a scientific activity; every scientist will undoubt-
edly go through this course. What this research showed is that people are not
required to continue their education in their first choice and they can choose another
discipline in their academic life. This study showed that changing a scientific degree
and moving between fields does not create a disturbance or a blow to the process of
producing science but also it reinforces and enhances the circulation of knowledge.

Study limitations and future research directions

This study has potential limitations. Our research was done in a quantitative
approach, since results are gained by numerical data some important aspects of
migrations might have been overlooks. It is obvious that many facets of field
migrations remain undiscovered, yet they could be crucial. We suggest investigating
the role of field migration on people’s scientific activities by implementing quali-
tative methods. This form of research could involve more detailed observation of
scientific activities and conducting in-depth interviews. The quality of interdisci-
plinary activities among migrating scientists is also significant. This can be assessed
by analyzing factors such as the number of citations from outside the field, publish-
ing articles in journals outside the researcher’s scientific field, or the frequency of
collaborations with people from different fields. Additionally, for more in-depth
qualitative analysis, case studies could be conducted to examine the characteristics
of high-frequency giver and receiver disciplines.

Overall, further research using qualitative methods and case studies could pro-
vide valuable insight into the impact and dynamics of field migration on scientific
activities.

The aforementioned suggestions require a subjective understanding of the dis-
ciplines involved. For instance, to assess the level of interdisciplinarity of an
individual who has transitioned from electrical engineering to industrial engineering
one must have knowledge of the subject covered in both fields and the ability to
differentiate between them. Future studies should be conducted on a case-by-case
basis with a high level of knowledge and precision.
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