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ÅHow can we support the 
deposit of research material 
into scholarly archives?

ÅWhen we say research 
material, what do we mean?

ÅWhat goes into a personal 
scholarly archive and how 
can we make this stuff less 
vulnerable?

ÌÏÏË ÕÐÓÔÒÅÁÍ ÆÏÒ ÁÎÓ×ÅÒÓȣ



ÅBuilding institutional repositories is 
harder than it looks
viruses in deposited files (e.g. Adams, 2006)
motivation for deposit is sometimes absent 

(e.g. Foster and Gibbons, 2005)
datasets might not be well documented (e.g. 

Borgman et al., 2007; Bowker, 2000)

ÅThere are good reasons to share more 
than publications
sharing may be outside existing practice 

(e.g. Borgman et al.)
sharing may support new types of scientific 

results (e.g. van Ingen)

ÅScholars (seem to) want to archive 
stuff for themselves



15 industrial CS researchers; 16 interviews; 
6 months of participant observation

ü semi-structured, open-ended interviews
ü photographed, recorded, transcribed, 

analyzed

ü interviews ranged from 45 to 90 minutes
ü interviews were artifact-centered

ü participants were researchers in different 
phases of their careers

ü publication is an important part of what 
they do



subdiscipline # of participants*

algorithms and theory 3

distributed systems 11

security and privacy 5

software tools 3

web searchand data mining 4

* many participants identified with two (or more)
subdisciplines





Åproofs; equations; theorems 
and lemmas

________

Åoften no datasets

Åoften no figures

Åproduced by smaller group 
collaborations



·ÏÆÔÅÎ ÃÏÎÔÁÉÎ ȬÄÒÁ×Îȭ 
diagrams created in 
graphics editor

·small to medium-sized 
datasets may be used for 
evaluation

·analysis software (e.g. Excel 
or MATLAB) may be used 
to generate some figures.

·produced by larger group 
collaborations (4-7 people)



Åmay be illustrated with 
graphs and charts; some of 
the data may be generated 
by the research software;

Åmathematical expressions

Åvery large datasets; may 
involve several types of 
datasets

Åproduced by small-medium 
collaborations (2-4)



·may have pseudocode
snippets as figures

·may have small datasets 
(performance evaluation)

·produced by varying sized 
collaborations (tending 
toward small groups)  





·collaboration and writing
setting the stage: people, devices, and technology infrastructure; upstream 
activities; writing roles

·storing and managing research material
×ÈÁÔ ËÉÎÄÓ ÏÆ ÓÔÕÆÆ ÁÒÅ ×Å ÔÁÌËÉÎÇ ÁÂÏÕÔȩ ÈÏ× ÉÓ ÉÔ ÏÒÇÁÎÉÚÅÄȩ ×ÈÁÔȭÓ 
ÁÒÃÈÉÖÁÌ ÁÎÄ ×ÈÁÔȭÓ ÎÏÔȩ 4ÈÏÒÎÙ ÉÓÓÕÅÓ ÒÅȡ ÄÁÔÁÓÅÔÓȣ

·finding, managing, and sharing bibliographic resources
how a web of related work plays into maintaining a personal archive; how 
this manifests itself in artifacts

·personal archiving
×ÈÁÔȭÓ ÁÃÔÕÁÌÌÙ ÐÁÒÔ ÏÆ Á ÒÅÓÅÁÒÃÈÅÒȭÓ ÉÎÔÅÌÌÅÃÔÕÁÌ ÌÅÇÁÃÙȩ ÈÏ× ÁÒÅ 
materials stored to survive? how do people lose stuff?



break it down

show you a few examples

talk about 

why we care

http://media.arstechnica.com/news.media/UK-CIBER_report.jpg


roles in writing

places and devices

infrastructure and tools



·different degrees of involvement

·different skills and backgrounds

·different infrastructures 

·different resources

·different institutional affiliations

·different work habits

ÔÈÉÓ ÈÅÔÅÒÏÇÅÎÅÉÔÙ ÓÈÏÕÌÄÎȭÔ ÂÅ Á 
surprise, right?



Ȱ4ÈÅ ÓÔÕÄÅÎÔÓ ÁÒÅ ×ÒÉÔÉÎÇ ÁÌÌ ÏÆ ÔÈÅ ÃÏÄÅ ÁÎÄ ÇÅÎÅÒÁÔÉÎÇ ÁÌÌ ÏÆ ÔÈÅ ÒÅÓÕÌÔÓȣ 
In the 5 or 6 weeks leading up to the deadline, they will move to spending 
100% of their time writing code and we will have regular phone meetings 
ÁÎÄ ) ×ÉÌÌ ÓÔÁÒÔ ×ÒÉÔÉÎÇ ÔÈÅ ÔÅØÔ ÏÆ ÔÈÅ ÐÁÐÅÒȢȱ

Ȱ3ÏÍÅ ÏÆ ÔÈÅ ÆÉÇÕÒÅÓ ×ÅÒÅ ÉÎÉÔÉÁÌÌÙ ÄÏÎÅ ÂÙ -ÉËÅɛ ÉÎ 0Ï×ÅÒ0ÏÉÎÔ ÁÎÄ 0ÁÕÌ 
did the other figures in Illustrator. ... The graphs I forget who generated 
ÔÈÅÍȢ ȣ &ÏÒ ÔÈÅ ÆÉÎÁÌ ÃÏÐÙȣ 0ÁÕÌ ÉÓ ÎÏÔ Á TeX person and so he generated 
EPS for me and I actually made them appear in the text with the 
formatting and partial columns and all that kind of stuff. Because I'm 
familiar with TeXÍÁÃÒÏÓȢȱ

*Names have been changed



·each author may end up with different 
pieces that contribute to the final product

e.g.the collaborators evaluating system 
performance may be the only ones with the 
datasets

·some artifacts may not be uniformly 
meaningful across the collaboration

e.g. some collaborators will not know what the 
individual fields in the datasets mean

·some artifacts may not be reproduced, 
edited, or viewed by some collaborators 

e.g. some collaborators might not have the 
MATLAB license necessary to produce the 
figures



·no need to take mobile 
computing too literally: 
people relegate different 
activities to different places 
and devices (remember 
what Bill Buxton said 
yesterday: place matters!)

·pragmatic constraints 
dictate what activities are 
associated with particular 
devices





Ȱɏ) ×ÏÒËÅÄ ÏÎɐ ÅÖÅÒÙÔÈÉÎÇ ɏÈÁÖÉÎÇ ÔÏ ÄÏ ×ÉÔÈ ÔÈÅ 
ÐÁÐÅÒɐ ÈÅÒÅȢ ) ÃÁÎÎÏÔ ÆÏÃÕÓ ÁÔ ÈÏÍÅȣ ) ÈÁÖÅ ÔÈÒÅÅ 
kids and the noise level is such that my brain gets 
ÒÁÎÄÏÍÉÚÅÄ ×ÉÔÈÉÎ ÆÉÆÔÅÅÎ ÓÅÃÏÎÄÓȣȱ

________

Ȱ) ÆÉÎÄ ÔÈÁÔ ÐÁÐÅÒ ×ÒÉÔÉÎÇ ÉÓ ÍÏÓÔ ÅÆÆÅÃÔÉÖÅÌÙ ÄÏÎÅ 
here in this chair with a large enough display in front 
ÏÆ ÍÅȢȱ

________

Ȱ) ÃÏÍÍÕÔÅ ÂÙ ÔÒÁÉÎ ÆÒÏÍ 3ÁÎ &ÒÁÎÃÉÓÃÏȢ 3Ï ×ÈÅÎ )ΈÍ 
writing a paper, I often edit text on the train on my 
laptop. And to a lesser extent, at home.  But when I'm 
in the office, I'd be using my desktop. And I just copy 
ÔÈÉÎÇÓ ÍÁÎÕÁÌÌÙ ÂÁÃË ÁÎÄ ÆÏÒÔÈ ÂÅÔ×ÅÅÎ ÔÈÅÍȣȱ 
________

Ȱ4ÈÅ ÌÁÓÔ ɏÆÉÎÁÌɐ ÖÅÒÓÉÏÎ ×ÁÓ ÏÎ ÍÙ ÏÔÈÅÒ ÃÏÍÐÕÔÅÒ 
ÁÎÄ ) ÈÁÖÅÎΈÔ ÍÏÖÅÄ ÉÔ ÏÎÔÏ ÔÈÉÓ ÃÏÍÐÕÔÅÒ ÙÅÔȢȱ



·it is likely no set of files on a single 
ÄÅÖÉÃÅ ÒÅÐÒÅÓÅÎÔÓ ȬÇÒÏÕÎÄ ÔÒÕÔÈȭ ÆÏÒ 
the publication
ÔÈÅ ȬÐÅÎÕÌÔÉÍÁÔÅ ÅÆÆÅÃÔȭȡÁÕÔÈÏÒÓmight 
not synchronize all their devices once 
the paper has been submitted

·sometimes legal, security, storage, 
bandwidth, or cognitive limitations 
enforce incompleteness

all files related to a publication may not 
be replicated everywhere



· Although participants frequently alluded to 
ÈÏÍÏÇÅÎÅÉÔÙ ɉȰ7Å ÌÉÖÅ ÉÎ Á LaTeX×ÏÒÌÄȱɊȟ 
there are lots of supporting applications
(and a few secret Word users)

· (At least) 4 categories of paper-writing tools:

· content editors (in addition to LaTeX/emacs)
e.g. Visio; Illustrator; Powerpoint; Xfig; Word

· data analysis tools
e.g. Excel; MATLAB; GnuPlot

· infrastructure software
e.g. Outlook; Source Depot; CVS 

· custom software (apart from research  sw)
e.g. scripts to strip off column headings for 
MATLAB

secret user of MS Word



Ȱ3Ï ) ÔÈÉÎË Á ÌÏÔ ÏÆ ÔÈÅ ÈÉÇÈ-level 
work was done on a pad of paper. But 
I usually don't believe a result until 
it's written up in LaTeXȣ 5ÓÕÁÌÌÙ 
what happens is, you have a sketch of 
the result on paper, and you know it, 
before you start writing. Then you 
start writing it and you realize that 
there are some things that you didn't 
think out clearly that you have to 
ÆÉØȣ 4ÈÅ LaTeX'susually not 
sketches. Usually someone's gone 
and written every single detail. It 
doesn't leave pieces to the 
ÉÍÁÇÉÎÁÔÉÏÎȢȱ 

a theorist talks about writing



·Heterogeneity makes complete 
preservation of research materials 
costlyɂit becomes important to know 
what to keep and why to keep it.

canonicalizing formats v. only saving 
sources v. saving all originals

·Any kind of upstream infrastructure 
to support writing will need to be 
flexible and general

email is the lowest common 
denominatorɂand most effectiveɂ
support for collaboration to date



managing related material

managing versions

managing data



·publications may drive the archive, or publications  
may organize the archive

in other words, the archive may be the paper + what it 
took to produce the results and nothing more ÏÒȣ ÔÈÅ 
papers may be simply the organizing force for all kinds of 
related material

·other (possibly) important factors
completenessɂeverything necessary
up-to-datednessɂfinal version of everything
tidinessɂeliminate intermediate artifacts
versionsɂversions are kept and their semantics recorded



Ȱ3Ï ÈÅÒÅΈÓ ÔÈÅ ÄÉÒÅÃÔÏÒÙ ÔÈÁÔ ÈÏÕÓÅÓ 
that particular paper. And it 
includes figures from the paper, 
PowerPoint presentations related to 
the paper. You may also see that it 
contains some things that have little 
ÔÏ ÄÏ ×ÉÔÈ ÔÈÅ ÐÁÐÅÒȢȱ



·gradual transition from a warm store to a cold store

the contents of a personal scholarly archive may change 
ÏÖÅÒ ÔÉÍÅ ɉÈÏ× ÌÏÎÇ ÓÉÎÃÅ ÔÈÅÙȭÖÅ ÂÅÅÎ ÁÃÔÉÖÅȩɊ

intermediate versions, supporting material, and related 
files fall into the bit bucket first

As time passes, researchers feel less of a need to 
reproduce the publication from its constituent partsɂthe 
final PDF/PS file is all they need



·participants pine for (and sometimes use) 
versioning systems. Why?

a worry about managing conflicts and 
coordinating changes
as backups to stave off catastrophe
to recover clever turns of phrase

·but there are less immediate reasons too
meaningful checkpoints in the research lifecycle 
that provide stable points of reference
a means of recording the history of a set of ideas



Ȱ4ÈÉÓ ÉÓ Á ÃÏÎÆÅÒÅÎÃÅ ÖÅÒÓÉÏÎȢ ȣ)ΈÍ ÍÁËÉÎÇ ÉÔ ÉÎÔÏ Á ÊÏÕÒÎÁÌ ÓÕÂÍÉÓÓÉÏÎȣ 
[which means that] basically we rewrote it. We improved every single 
ÒÅÓÕÌÔ ÁÎÄ ÅÖÅÒÙ ÓÉÎÇÌÅ ÓÅÃÔÉÏÎȢ ȣ 4ÈÅ ÁÐÐÒÏØÉÍÁÔÉÏÎ ×ÁÓ ÆÏÕÒ ÉÎ ÔÈÉÓ 
ÄÒÁÆÔȢ !ÎÄ ×Å ÉÍÐÒÏÖÅÄ ÉÔ ÔÏ ÔÈÒÅÅȢ 7ÈÉÃÈ ÉÓ Á ÂÅÔÔÅÒ ÃÏÎÓÔÁÎÔȢȱ

__________

Ȱ) ÃÁÎ ȣ ÇÉÖÅ ÙÏÕ ÔÈÅ ÖÅÒÓÉÏÎ ÏÆ ÔÈÁÔ ÆÉÌÅ ÁÔ ÁÎÙ ÐÁÒÔÉÃÕÌÁÒ ÄÁÔÅ ÙÏÕ ×ÁÎÔȢ 
This is my own VC system. It's some emacsmacros I wrote, so that 
whenever I save a file, it does an RCS version. So. Since I grew up in the 
ÄÁÙÓ ÔÈÁÔ ÃÏÍÐÕÔÅÒÓ ÃÒÁÓÈÅÄ ÅÖÅÒÙ ÈÁÌÆ ÈÏÕÒȟ ) ÓÁÖÅ ÆÉÌÅÓ ÏÆÔÅÎȢȱ

__________

Ȱ) ÇÕÅÓÓ )ΈÖÅ ÄÏÎÅ ÔÈÉÓ ÏÎ ÏÃÃÁÓÉÏÎȟ ×ÈÉÃÈ ÉÓ ÔÏ ËÅÅÐ Á ÃÏÐÙ ÏÆÔÅÎ ÊÕÓÔ Á 
PDF version when I've made some changes so that if I get a question, 
ÓÏÍÅÏÎÅ ÁÓËÓ ÙÏÕ ËÎÏ×ȟ Ή7ÈÁÔ ÁÂÏÕÔ ÔÈÉÓ ÔÈÉÎÇ ÏÎ ÐÁÇÅ έαȩȱȟ )ΈÌÌ ÂÅ ÁÂÌÅ 
ÔÏ ÆÉÎÄ ÉÔ ÂÅÃÁÕÓÅ )ΈÌÌ ÈÁÖÅ ÔÈÅ ÓÁÍÅ ɏÐÁÇÉÎÁÔÉÏÎɐȢȱ



·Participants are computer scientists. This 
must be taken into account.

·Actually two different questions
Are versioning systemsnecessary?

Are versionsnecessary (in the long term)?

·Email, naming conventions, and social 
arrangements may get you far enough and 
may have advantages

·In the long term, versions are only useful 
if the version is a separate publication



>2/3 of the participants maintained significant 

datasets

· datasets vary greatly (from a small number of 
points in a graph to terabytes)

· some are impossible to recreate, but  are 
straightforward to generate

· some (e.g. machine learning training sets) are 
costly to construct

· some datasets drive writing; others are just
illustrative

spectrum of management practices

· few are archived or even backed up 

· some have their own hardware; a few are just 
stuffed into the LaTeXfile, as is 

· many follow a complex trajectory and are 
corrected, gap-filled, or post-processed



Ȱ)Ô ÔÁËÅÓ Á ÒÅÁÌÌÙ ÌÏÎÇ ÔÉÍÅ ÔÏ ÍÏÖÅ ÔÅÒÁÂÙÔÅÓ ÏÆ ÄÁÔÁȣÔÈÅ ÌÉÎË ÆÒÏÍ ÈÅÒÅ ÔÏ 
ÔÈÅÒÅ ȣ ÉÓ ÏÎÌÙ Á ÇÉÇÁÂÉÔ ÁÎÙ×ÁÙȢ !ÎÄ ÔÈÅÎ ÔÈÅ ÌÉÎË ÆÒÏÍ ÔÈÅ ÌÁÂ ÔÏ ÔÈÅ 
building is only a gigabit link and from the building to the rest of the 
campus is only a gigabit. It's just easier to get off the train in Palo Alto, 
walk over to [the data supplier], pull upɂport literally 4 terabits of disk 
in a little cardboard box, come back here and plug them directly into the 
ÍÁÃÈÉÎÅÓȢȱ

__________

Ȱ) ÊÕÓÔ ÐÕÔ ÔÈÅ ÐÅÒÆÏÒÍÁÎÃÅ ÄÁÔÁ ÉÎÓÉÄÅ ÔÈÅ ÐÁÐÅÒ ÓÏÕÒÃÅ ÆÉÌÅ ÁÓ ÃÏÍÍÅÎÔÓȢ 
*ÕÓÔ ÓÏ ÔÈÅÙΈÄ ÁÌ×ÁÙÓ ÂÅ ÔÈÅÒÅ ÉÆ ) ÎÅÅÄÅÄ ÔÈÅÍȢȱ

__________

Ȱ4ÈÉÓ ÉÓ Á ÃÁÓÅ ɏÆÉØÉÎÇ ÉÎÐÕÔ ÄÁÔÁ ÆÏÒ Á ÓÉÍÕÌÁÔÏÒɐ ×ÈÅÒÅ ÙÏÕ ÃÁÎ ÒÅÁÓÏÎÁÂÌÙ 
assume that if you were to take this and make it a real system rather than 
a simulation, the requests would be aligned. So we just take the requests 
ÁÎÄ ÒÏÕÎÄ ÔÈÅÍ ÕÐ ÔÏ ÂÅ ÚÅÒÏ ÂÙ ÅÉÇÈÔȢȱ



·Backdrop of re-use and scientific integrity: 
which datasets do we save?
The value of the datasets varies greatly
Make the most of labor-intensive datasets

·When in the analytic arc do we save them?
ÒÁ× ÏÒ ÍÁÎÉÐÕÌÁÔÅÄȩ ɉÅȢÇȢ ȬÆÉØÅÄȭɊ
complete or excerpted?
code or derived data (e.g. the crawler or the 

crawled?)

·How do we store and document them?
what about associated code?
what about processing elements like input 

parameters or compiler options
headings may interfere with processing



maintaining local resources

sharing references

non-traditional resources




