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Scientific data grows exponentially
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Presentation Notes
It’s been noticed as early as 1960 that scientific data (here measured as publications) grows exponentially


Scientific data grows exponentially

Global scientific output doubles every nine years

07 May 2014 | 16:46 BST | Posted by Richard Van Noorden | Category: Policy, Publishing
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Growth rates of modern science: A bibliometric analysis based on the number of
publications and cited references

Lutz Bornmann, Ruediger Mutz
{Submitted on 19 Feb 2014 (v1), last revised 8 May 2014 {this version, v3))

\
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Many studies in information science have looked at the growth of science. In this study, we re-examine the question of the growth of science. To do
this we (i) use current data up to publication year 2012 and (ii) analyse it across all disciplines and also separately for the natural sciences and for
the medical and health sciences. Furthermore, the data are analysed with an advanced statistical technique - segmented regression analysis -
which can identify specific segments with similar growth rates in the history of science. The study is based on two different sets of bibliometric data:
(1) The number of publications held as source items in the Web of Science (WoS, Thomson Reuters) per publication year and (2) the number of
cited references in the publications of the source items per cited reference year. We have looked at the rate at which science has grown since the
mid-1600s. In our analysis of cited references we identified three growth phases in the development of science, which each led to growth rates
tripling in comparison with the previous phase: from less than 1% up to the middle of the 18th century, to 2 to 3% up to the period between the two
world wars and 8 to 9% to 2012,
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Presentation Notes
It’s not hard to find recent papers that continue to echo this conclusion, with one recent analysis suggesting global scientific output doubles every nine years
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(Uhen et al, 2013)
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As a result, we have a lot of data and correspondingly a proliferation of databases

Distinguishing collection databases from research databases, noting this talk will mostly focus on research databases


Research databases

e Distinct but

overlapping

spheres of data
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The Paleobiology Database

e Some data more
derived than
others

Occurrence 3D Media Character matrix

(geographic,
stratigraphic)

Example Data

Some (but not all) data from a search for Dytiscidae water beetles

(Uhen et al, 2013)
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Presentation Notes
Several things distinguish research dbs from one another. They tend to host distinct but overlapping spheres of data, and some data is more derived than others. 

Derived here means how many steps are between the data and the specimen to which it pertains – a 2D picture is not very derived, a qualitative morphological characterization in a matrix is relatively highly derived.


Research databases

e Some databases
specialize more
than others

e Benefits of niche
specialization

e Reduced
competition

e Data sustainability
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Some (but not all) data from a search for Dytiscidae water beetles

(Uhen et al, 2013)
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Another way databases differ is in their degree of specialization concerning the data they host. Looking at the list of databases surveyed by Uhen et al. 2013, it is apparent that many or possibly even most research databases host at least some of the same kinds of data. But at the same time, most databases tend to have something specific that they specialize in and handle very well, such as PBDB and geographic/statigraphic occurrence data. 

There are some benefits to databases being able to specialize in a niche of data, such as reduced competition and databases being able to devote attention to the specific form of data to which they are best suited. This means the stored data will likely be better organized, and this results in a more sustainable data model. Because of this, it may be beneficial to create structures that help databases to specialize.  
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Integrative links allow data to be stored in most
suitable repository, and made available to other
repositories and the public
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Presentation Notes
Building links between databases – such as links between MorphoSource and PBDB or iDigBio – allows data to be stored in a repository that is most strongly focused on it, but at the same time for those data to be made available to many other repositories at the same time.


The Paleobiology Database
revealing the history of life
Integrated Digitized Biocollections

Concern: What if the specialized repository disappears?
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A reasonable concern
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Solution: modular design conforming to community
standards, easy to transport if necessary
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The problem also has a positive upside, a healthy ecological community of databases. 


Database integration

e Benefits
e More sustainable data model
e Easier for end users
 New kinds of automated research
e Force multiplier

e Challenges:

e Collaborative development of
integration models

e Record matching
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So creating integrative links between databases can allow them to specialize, making for a more sustainable data model, etc.. This has numerous advantages, but there are also thorny obstacles to be considered on the way. 

Now I am going to discuss two examples of specific integrations, one reflecting work we have recently done and other something we would like to do. The first shows some of the practical issues of integration, the second illustrates the process of coming up with an integration model. 
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specimens, many

Media: M12085

from museum

Prajec

AMIH Wamal Calie

collections

Integration model: associate specimen records in

MorphoSource and iDigBio

Data Flags

Taxonomy
Scientific Name

Higher Classfication

Kingdom
Phylum

Class

Order

Family

Genus

Specific Epithet
Taxon Rank

Nomenclatural Code

Specimen
Catalog Number
Preparations
Individual Count
Sex

Institution Code

Raw

Tarsius syrichta

Animalia; Chordata; Mammalia; Prim
ates;Tarsiidae; Tarsius

Animalia
Chordata
Mammalia
Primates
Tarsiidae
Tarsius
syrichta
species

ICZN

M-150143

Fluid, Whole Body, With Skin
1

female

AMNH
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This is my first example of database integration in practice, I’m going to talk about some work we have recently completed to integrate MorphoSource and iDigBio specimen records.


Integrating pre-existing data

 |dentifying iDigBio records
matched to currently existing
MorphoSource records

e Fuzzy specimen number
matching

e For matches, occurrence ID
gathered from iDigBio to
create association

55 Project Specimens

N

1D
AMNH-M-106010, Tarsius bancanus
iDigBlo &

Al

1Dy

| Education

,7_, Log In | Sign Up

IDigBlo Home  Portal Home  Search Records  Leamning Center Data  Research Collaboration  Feedback

Specimen Record

Animalia > Chordata > Mammalia > Primates > Tarsiidae

Tarsius bancanus borneanus

From AMNH Mammal Collections

Continent Asia Institution Code  Amnh

Country Indonesia Collection Code Mammals
State/Province Borneo Catalog Number M-106010
County/Parish Kalimantan Timur Collected By Baron V. Von Plessen
Logality Peleben, Sungai Kajan Date Collected  1935-09-13

From Recordset

AMNH Mammal Collections

http://www.amnh.org/our-research/vertebrate-zoology/mammalogy

Founded in 1869, the AMNH mammal collections are among the oldest in the museum. Today, the Department of
Mammalogy houses over 275,000 specimens, making it the third largest collection of recent mammals in the
world. The scientific mission of the Department of Mammalogy is to describe the diversity of living and recently
extinct mammals and to explore the mechanisms responsible for their evolution and extinction. In fuffillment of this

M H-M-143741, Cailithrix pygmasa AMMH-M-150142, Tarsius syrichia

r]g Bio & |D|gé||a g




Integrating new data

T
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e Users adding new NS'SBPRHCCE)

specimen records search
< . Search Specimens
fo r p re - eX I St I n g Please search to locate your specimen in MorphoSource and iDigBio before entering it on your own. If you're having trouble finding the specimen

record, try entering different combinations of data such as Institution code and Species. You can also use the search tools located at
to explore what specimen data is available. If you can't locate your specimen,

IVI O r‘ p h OS O u rce re CO rd S |Institution Code Collection Code Catalog Number Genus

| | [rroseo | |

Species
—

Cant find your specimen?

° Specimen import tool now MorphoSource Results iDigBio Results

Showing 1 MorphoSource Result Showing 64 iDigBio Results

searches iDigBio

L T 1 lemoineae IMP{)RTSPECIMEN
@ iDigBio integrated Vi

utomati
a O a I C a y us-botany-170560, lithothamnion lemoineae [REel g zda Y]

170560, lithotham

e Associate occurrence ID
nwz—bird specimens-170560, eremophila

lamprochroma

mvz-mammal specimens-170560, IMPORT SPECIMEN

thomomys bottae perpallidus




Good progress so far, but...

e Will never have perfect 100%
matching between MorphoSource
and iDigBio

e Reason: MorphoSource does not
require pre-existing occurrence IDs
(GUIDs) for specimen records when
uploading data

e Too many possible records without
museum-provided occurrence IDs

A4
Specimen record
MorphoSource can’t
authoritatively assign

GUID

3D Media
MorphoSource can
authoritatively assign GUID

(Richards, 2010)
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Our efforts to associate MorphoSource records with those of iDigBio highlights a continual question in database integration: how is it best to match specimen records? 

Occurrence IDs are best, but it should be said there are still certain limitations in practice…


Ingestion of MorphoSource media records
into IDIgBIo

Alouatta palliata specimen record |
No occurrence ID o ]
MorphoSource-assigned GUID i

3D Media A 7
MorphoSource-assigned GUID Already existing media, but no museum-
provided occurrence ID for specimen
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To show that these aren’t just arcane issues, here is an example of a situation where these issues have created difficulties previously. It is very challenging to ingest MorphoSource media records into iDigBio where museum-provided occurrence IDs are not available for specimens. The problem becomes even worse if other media records have already been entered in a similar situation, because connecting these records can be a challenge

Mention Audubon core as part of this
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Occurrences, stratigraphy,
references

* Integration model: Enhance individual
resources through combined data
access, deposition, and workflow tools

MORPHOBANK
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[1] Nerve [2] [3] Brain
cords Segmented  asegmental
lateralized postoral
nervons
system
[1] Euperipatoides rowelli 1 0 0
[2] Orthoporus ornatus 0 1 0
[3] Scolopendra polymor. .. 0 1 0

e Phenomic and
phenomic/genomic character
matrices

* Annotated phenomic data

e 2D/3D Media files

e Collaborative matrix building
tools

 >1,500 projects
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This is our second database integration example. The ideas presented here reflect in-progress discussions between ourselves (collectively representing MorphoSource, PBDB, and MorphoBank) concerning how to build an integration model
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Specimen: AMNH-M-106010, Tarsius bancanus [ NexT|
| |

Project

Yapuncich et al 2015 data set

Specimen Information

Vouchered

Type: Yes

Sex: Female

Occurrence 1D: un:catalog: AMNH:Mammals:M-106010

Description: Tarsius bancanus borneanus

Institution: American Museum of Natural History, New York, NY, USA

Specimen Media

4.00
15072, 1 file 15413, 1 file 146481, 1 file MMB5386, 1 file
AMMH 106010 Tarsius bancanus Smooth Surface Mesh CT Scan smooth mesh file
borneanus smooth surface (First metatarsal) {cranium}
(Right) {Astragalus)

(Midline) {cranium)

Links to data from other sites within each site
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The website example in the previous slide is accomplished on the back-end by hooking MorphoBank and MorphoSource into ePANDDA API, such that a single query from the API will return results from all of the databases shown. 

This means the model here is not just to build new things, but to enhance and improve previously existing efforts seeking to address the same problem. 


Data depOS|t|On Dataset with combined:

Hypocone

P Victoriapithecus sp. 0
* Modular tools for depositing data to < B _Profylobates sp. 1
multiple sites o

e Links/widgets within individual sites

. Benefits Userfirstvisits...j I\g%BPRHC(E.:;:
e Minimize duplicate data entry MORPHOBANK

° Maximize metadata ConSiStency HOMOLOGY OF PHEMOTYPES OVER THE WEB \ -

The Paleobiology Database
revealing the history of life

And is also routed to...




Data dnada |yS | S too | S 1. Search MorphoSource media, load into 3D media

viewer with annotation tools (modular web applet)

MorphoBank Collaborative Web Matrix Builder B |

no highlight ~ Shownames +images ~ Characters Ontology Search Preferences ¢& l @ }
[171]M 11: Upper M1 [172]M 12: Upper M1 [173]M 13: Upper M1 [174] M 14: Upper M2
postmetaconule crista preprotocrista height relative waisted distal edge hypocone
Lo
[1] Echinesorex gymnura abszent higher absent large
M11000-16735 CT volume file and ply fles of raw and patched surfaces (Laft) (upper second molar); Victoriapithecus incartas sedis; 30 Mesh
(Polygon Fils Format); 67.82 MB @®
[2] Erinaceus europacus absent higher absent large

2. Search PBDB for specimen, associate
stratigraphy as character

[3] TAegyptopithecus zeu. . absent stmilar absent large




Summary

* Two-forked approach to database integration 2PONDDN
* Front-end tools for ease of use
e Back-end architecture (APlIs, etc.) for future work I
The Paﬁafp@i‘(’)k')gy Database

1g the history of life

* Benefits
* Improves data sustainability

e Builds on previous infrastructure MORPHOBANK

* Enables new automated data gathering methods O OF PHENOTYEES SVER THE WER

e Challenges
* Collaborative development of integration model M O RPHO

SOURCE



Conclusion

e Database integration is beneficial and necessary for managing
continually increasing amounts of scientific output

* Enables database niche specialization, ensuring data preservation and
increasing data quality in terms of meeting best standards

e Requires robust community-approved standards and careful thought
concerning integration models



Acknowledgements

DUke UNIV.!RNSlITY of

UNIVERSITY WASHINGTON
Gabe Yapuncich

Adam Summers

:E?
S |D|GB|D

Gil Nelson UI

Alex Thompson PLORIBA

Kevin Love -

Dan Stoner David Blackburn
Ed Stanley

Whirl-i-gig

Seth Kaufman
Maria Passarotti

CAREER Grant BCS 155284
EarthCube IA 540902



	The Importance and Challenges of Database Integration: MorphoBank, MorphoSource, and the Paleobiology Database
	Outline
	Scientific data grows exponentially
	Scientific data grows exponentially
	Data repositories
	Research databases
	Research databases
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Database integration
	Slide Number 12
	Integrating pre-existing data
	Integrating new data
	Good progress so far, but…
	Ingestion of MorphoSource media records into iDigBio
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Data deposition
	Data analysis tools
	Summary
	Conclusion
	Acknowledgements

