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Interdisciplinarity

» Is the integration of information, data, techniques,
perspectives, concepts and / or theories of two or more speciali
disciplines to advance in the understanding of complex pr
whose solutions are beyond the scope of a single

discipline.




Astrobiology
|

dewpeoy

Study of life in the universe
(NASA), which covers from
the  origin, evolution,

distribut@ﬂ‘to the future of
life in the Universe

Interdisciplinarity

Linking of different disciplinary
fields to answer more complete
questions or facilitate the
application of knowledge in a
specific area.

New tool for" the
formation of complex
research teams. "'

The discovery of; new
habitable scenarios n
the Solar j§ Planetary
System neighborhood.

Technological and
economical return

- o e




The interdisciplinarity of
astrobiology

« At the beginning of 1988, astrobiology was not considered an
interdisciplinary science.

» SPACE MISSIONS: The interdisciplinarity of astrobiology has become
known as inherent since it requires at least the conjunction of
biologists, chemists, astronomers and engineers to address
experiments that answer questions such as:

Can terrestrial microorganisms survive? the conditions of deep space?




The interdisciplinarity of
astrobiology

Start of the Viking |
and Il mission with
the aim of searching
for life on Mars.

Arrival of the Cassini
probe to Titan. Interest
in Titan's hydrocarbon
oceans grows.

Launch of the Spitzer
Space Telescope.

Arrival of the Spirit and
Opportunity rovers to
Mars to study their
possibility of harboring
water..

Hubble launch to
Earth orbit and
first photograph.

Return of a sample
from an asteroid,
Stardust mission.

MULTIDISCIPLINARITY

INTERDISCIPLINARY EXECUTION




The interdisciplinarity of

astrobiology

2011

First observations of
the ALMA observatory
(Atacama Large
Milimeter Array).

Arrival of MAVEN to

Amartizaje del the orbit of Mars to

Curiosity (Mars study the past and

Science Laboratory) present of its
atmosphere.

2014

Launch of the James Webb
Space Telescope to study
the physical and chemical
properties of planetary
systems and investigate the
potential of these systems.

INTERDISCIPLINARY EXECUTION

Discovery of the f1st
planet
Kepler-186f in a zone
of habitability.

Earth type

Despertar de la Mision
Awakening of the
Rosette Mission upon
reaching the asteroid
with the Philae probe.

2019

A

Launch of the Mars = m.%slfﬁm
2020 mission to
study its climatic
and geobiological

past



The interdisciplinarity of astrobiology

NAI, as a representative institution of astrobiology and its
interdisciplinary relations with other institutions

Geospatial Visualization (Proportional Symbol Map)
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IMPORTANCE OF
INTERDISCIPLINARITY
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understanding or to solve p
whose solutions are beyon
scope of a single field of res
practice.

» Applied to solve the
challenges facing society:
water, climate, food, health.

» Interdisciplinary collaboratio
contributed to the evolution of ng
disciplines such as materials scig
in the 1980s, astrobiolog

llustration by Dean Trippe. synthetic biology in the
Nature special: Interdisciplinarity decade (Lyall et al., 201




EXAMPLE OF BIBLIOME

SCIENCE & TECHNOLOGY - OTHER TOPICS

-GEOCHEMISTRY & GEOPHYSICS
g MINERALOGY

/ PALEONTOLOGY
“OCEANOGRAPHY GENETICS & HEREDITY

\oc BIOPHYSICE\ CELL BIOLOGY
' ~ -~ BIOTECHNOLOGY & APPLIED MICROBIOLOGY
oy, ~*MICROBIOLOGY

' Oslocuemsmv & MOLECULAR BIOLOGY
CENVIRONMENTAL SCIENCES & ECOLOGY

* METEOROLOGY & ATMOSPHERIC SCIENCES

OPHYSICS ‘
MATERIALS SCIENCE

OTHER TOPICS

GEOLOGY

“ASTRONOMY & ASTROPHYSICS

Fig. Network topology of journal categories based on NAl-funded publications [color
the year of publication or connection (orange 2012, yellow 2011, green 2010, lig
dark blue 2008). This work is an example of a bibliometric analysis and the
interaction network maps. (Taskin & Aydinoglu, 2015).



MEASURING INTERDISCIPLINA

Textual
references
MEASURING Typically
INTERDISCIPLINARITY based on
\ [ Bibliometric ] Publications
referenc

analysis (Poter et al.,

Gowanlock &
l Taskin & Aydin

The most widely used
indicators are derived from
bibliometric analysis.

Journal and article classifications into
subject areas or categories as provided by
the Web of Science (WoS) or Scopus form
the most important source of data for
bibliometric analysis (Leydesdorff & Rafols,
~2009)

Creating maps of cited and citing
articles from different disciplines, it
can be analysed how closely different
disciplines interact (Barthel & Seidl,
2017).
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References (%)

References (%)

Natural sciences and engineering

EXAMPLE OF TEXTUAL

Interdisciplinary research is on t

A. The analysis shown used journa
than 35 million papers in the
major conventional disciplines
phtysics) and 143 specialities.
references that point to work i
increasing in both the natural and th

B.  The fraction of papers that mention
in their title has fluctuated, perha
priorities of funders, but the twenty-
that proportion reach an all-time high

— References within same speciality
—— References to other specialties in same discipline
— References to other disciplines

Source: V. Lariviéere & Y. Gingras in Beyond Bibliometrics (eds B. Cronin & C. R. Sugimoto) 187

B
Papers with “interdisciplinar®” in title (%)
006 ..................................................................................................................
IIIII = Social sciences and humanites
- MNatural sciences and engineering
004 ............................................................................................................







KillaLAB

(Quechua Word Killa: Moon)

> Research settings:

The Team Killalab, which develops a project in astrobiology, had to use techniques
and processes from different disciplines to address the following goal: “To study the
effects of radiation from the outer space environment on cyanobacterial biofilms
isolated from the Peruvian high Andean ecosystems using an autonomous aerospace
minilaboratory”. The conformation of the team had the following considerations:

1. Team Killalab disciplines conformation: SM

SOCIEDAD CIENTIFICA DE
-Masters and PhD researchers and young graduates who some of them made RIREREARR RR L
their thesis with specific objectives from the general proposal.

- Chemistry, biology, physics, electronic engineering, mechanical engineering and
computer science. The team was constituted with 13 members.

- Principal investigator (Pl), whose function is to direct the team members to
establish common specific objectives to the research by disciplines. The PI for
interdisciplinary research can come from any discipline as long as it possesses
the required experience relevant to the research objectives. In Killalab team, the
Pl came from science.

- Team meetings, important tool for communication and knowledge exchange.
The maintenance of the approach and the execution were complemented with

the establishment of deadlines for the research milestones.




ONE OF THE MOST IMPORTANT GOALS WE HAVE IN THIS MISSION ISTO
ENSURE THAT CYANOBACTERIA CAN BE USED IN
FOR THE PRODUCTION.OF OURCONSUMABLES

MOON AND TERRAFORMING
CULTURES OF MARS AND
CYANOBACTERIAS EXPLORER COLONIZATION
‘ LIFE SUPPORT \ , \

INSITU

-

SCIENCE AND
KILLALAB RES::JE" ECONOMICAL
oy ACTIVITIES

. UTILIZATION



Interrelations between subjects of the Killalab interdisciplinary

team.

e
Biology Study of the survival of cyanobacteria to the
extreme conditions of space
Chemistry Study of the chemical modification of the
protective pigments of cyanobacteria

Physics Evaluate physical conditions of the payload
that can resist the total components
Electronic Design of the electronics of the payload
engineering (minilaboratory)
Mechanical Design the mechanics of the payload
engineering (minilaboratory).

Celaitisgaal=hids Get data from simulations and real ultraviolet
radiation exposure in outer space.

Table 1: Specific goals from each discipline involved in the team
Killalab.




Superficie de la Luna:
-173 a +127 °C
Experimento: -10 a 60 °C

Luna y experimento:
Dosis Total lonizante
(DTI) 0.01 a 0.1cGy/dia.

Space exposition (Enviromental conditions) to
consider for each dISCIp“ne /A\. Superficie Lunar: InTorr

N Experimento: 760 Torr.




Interrelations
between
disciplines tasks
of the Killalab
interdisciplinary
team.

MECHANICS SCIENCES ELECTRONICS COMPUTER SCIENCE
ONCEPT OF MISSIO|
1
Materials
Y
(S-1) Definition of environmental %
(M-1) Analysis of »| conditions of the mission from start to = rrl\)atz ’n(')alp:iz e
structural, thermal finish. (S-2) Analysis of electionic
properties and biocompatibility, release of gases and eomtonatsand
machinability of - chemical resistance of materials and themf & reailation
materials biological samples. (S-3) A proposal Al ng it
for operating time. q
Meeting for ge‘neral approval
v
(Integrated Plan 1) Plan for the
use of structural materials,
support materials and the sample
compartment
T
Sensors -
Y (E-2) Review of
(M-2) Proposal for the (S-4) Selection of sensors for UV processing limitations % it
design and evaluation > radiation, temperature (T) and and electrical = o(f‘:ht) gi?;z‘:‘?::ggn
of the compartment for humidity (H), ionizing radiation, DRIFT consumption of Ly protocol between
sensors, biological |- spectrophotometry, microimages. . (E-3) B

samples and structural
support.

(M-3) Redesign of the

Conditions of use and optimal
positioning of the sensors

General review for approval

(Integrated Plan 2) Plan for
the use of sensors and various
electronic components for the
Killalab experiment

v

Sample compartment

sample partment.
(M-4) Hermetic seal
design and mechanical
interface.

Proposal of electronic
components for PCBs.
(E-4) Proposal of a
circuit diagram.

(S-5) Sensor operation test

(M-5) Thermal and
vibration simulations in

ANSYS and redesign of |

structural supports.
(M-6) Environmental
simulations of
termovacio and radiation
of mechanical
components

»| (Vib
(

I
Tests and vibroacoustic qualification
Y

(S-6) Experiment flowchart proposal

sensors.

(E-5) Redesign of
sensor board (UV and

¥ | (P-2) Data for UV
exposure

RADFET sensors). -

simulation

) ranges, detailed operation

times, environmental conditions

during the experiment.

T 5
General review of operation
Y

(Integrated plan 3)
Manufacturing and assembly plan
for mechanical and electronic
components. Detailed operation
plan of the mission.

(E-6) Resizing of
sensor plates. (E-7)

»| (P-3) Proposal for

Test of operation of

programming the

electronic
components.(M-6)
Environmental
simulations of
thermovance and
radiation of electronic
components.

Sensors.

AMA RADIATION TEST

UV RADIATION TEST

PROTECTIVE PIGMENTS
DEGRADATION TEST

TEST OF THE TEMPERATURE
EFFECT

MORPHOLOGICAL
CHANGES PHOTOGRAPHY
RECORD



» The tasks interactions that had the greatest
impact on the realization of this stage were
science-mechanics and mechanics-
electronics followed by electronic-
computer science. Likewise, it is important
to mention that identifying all the areas of
study and the related sciences and
engineering allowed the focus on the main
objective of the team and the experiment.




Interdisciplinarity of team Killalab.

Computer
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CONCLUSION AND REMARKS

» Astrobiology, which by its nature needs several discipline
facilitated the formation of the Killalab interdisciplinary tea
that focused on solving how biofilms of microorganisms wer
affected after space conditions.

» The use of subject categories as a boundary discipline helped
to identify the communication and interaction between the
disciplines of team members in the framework of this
qualitative research.

» The conformation characteristics of the team, such as
communication through meetings to resolve knowledge gaps
between disciplines, the respect between them and the order
to establish the specific objectives and tasks of each
discipline can help improve the implementation and
effectiveness of interdisciplinary research or educational
programs.
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