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In 2007, Sydney Brenner and Richard Roberts call for the archival of such non-published or non-publishable records, such as notes

and drafts, as our scientific heritage. Using this as imperative, I reflect on my own scientific life and the records generated. These

include research notebooks, research data, and auxiliary records (which includes emails, diaries, instant messages, among others). I

concur and urge that every scientist should consider themselves as personal archivist to protect and preserve our collective heritage.
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Scientist as Archivist

Personal archives are defined by as Rob Fisher [1] as records
created by individuals and corporate entities (including non-profit
organizations) outside of the public sphere of governments, gov-
ernmental agencies, and departments. This is consistent with Jen-
nifer Douglas’ view that the defining feature of a personal archive
is that it was created by an individual (or individuals acting com-
munally) rather than by an organization or corporate body [2].
Both definitions suggest that personal archive can be created indi-
vidually or co-created communally - two of the five ways of archive
creation [3]. The distinction between these two is blurred. While
it can be conceived that personal notes and reflections, such as di-
ary entries, are created individually; photographs and videos are
usually co-created. In fact, it can be argued that even diary entries
cannot be created in isolation. Catherine Hobbs [4] argues that
personal archive has the nuances of the individual and his/her in-
terpretation of the surroundings and values, as well as interactions
within the society. As such, what is deemed as a personal archive
is part of a communal archive, such as a family archive; which is
instrumental in reconstructing history [5]. Indeed, Elizabeth van
Heyningen [6] argues that personal diaries have significant his-
torical value. For example, it is well-known that Anne Frank’s diary
provides a window into the common Jews hiding within Nazi occu-
pied Holland during World War II [7-9], and is listed within Scott

Christianson’s “100 Documents That Changed the World: From the
Magna Carta to Wikileaks” [10].

Integral to a scientist’s work is records and data creation [11] in
the form of research notebooks and computer files [12]. As main-
taining research data is a necessity [13,14], a scientist has to take
on the role of an archivist [15]. Scientific records go beyond the
traditional research notebooks and may include less formal forms,
such as emails and instant messaging [16]. This concurs with Syd-
ney Brenner and Richard Roberts whom have called for the archival
of such non-published or non-publishable records, such as notes
and drafts, as our scientific heritage [17]. I personally finds this to
be a worthy but highly unachievable goal at least for now at the
moment as a study that [ did with a student in 2014 to examine the
databases published in 2013 found that 290 of the 379 (76.5%)
database papers contained URLs to the database; worst of all, 18
of the 290 (6.62%) of the databases with URLs were either not ac-
cessible or intermittently accessible [18]. This suggests an attrition
rate of 28.23%), as determined by accessibility, in less than 2 years

post-publication.

Nevertheless, as a scientist and a history lover, I find myself in-
stinctively gravitated towards the archivist role [19] and have al-

lowed it to permeate throughout my life. Hence, this article is my
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reflection on the interplay between the scientist and archivist in
me, resulting in my current personal archive; as well as making

sense of this archive.

Research Notebook

Research notebook is the foundation stone of a scientist’s work
and identity, that any reflection of a scientist’s archive must start
with it. The term research notebook is synonymous with labora-
tory notebook; and in many instances, generally synonymous with
research logbook or laboratory logbook. However, there are subtle
and important differences. Semantically, laboratory notebook/
logbook implies its use to record laboratory work while research
notebook/logbook includes laboratory and non-laboratory work
and thoughts. However, such distinction is usually blurred. In prac-
tice, one can generally consider all four forms (research notebook,
research logbook, laboratory notebook, and laboratory logbook)
to be synonymous. The importance of a laboratory notebook to a
scientist cannot be understated [20,21] as it is a key component in
scientific discovery [22] as it generally records actual work done in
the laboratory setting. The U.S. Health and Human Services Office

of Research Integrity summing up its importance as (URL 1):

e To establish good work practices

e  To teach the people in your lab

o To meet contractual requirements

e  Toavoid fraud

e To defend patents

e To allow work to be reproduced by others

e To facilitate preparation of formal reports, presentations and
papers

e  Tovalidate your research

e To serve as a source for assigning credit to lab members

Historically, research/laboratory notebooks have played criti-
cal roles in the establishing milestones in science [23]; resolv-
ing controversies, such as Louis Pasteur’s anthrax vaccine [24];
re-analysis of historical data [25], and establishing inventorship
(such as in the case of University of Pittsburgh v. Hedrick, 573 F.3d
1290 (Fed.Cir.2009)). Research/laboratory notebooks can be an
important piece of puzzle to minimize scientific fraud [26,27], such
as data fabrication and data falsification. Fanelli [28] performed a
meta-analysis on 21 published surveys between 1987 and 2008,
amounting to 11647 respondents, and found that 14.12% of re-
spondents have personal knowledge of a colleague who fabricated
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or falsified research data, or who altered or modified research data.
I performed a follow up meta-analysis on 10 published surveys
between 2009 to 2018 suggested 17.7% of the respondents have
knowledge of fellow scientist’s acts of data fabrication or data fal-
sification [29]. As a result, many guidelines [30,31] have been writ-

ten with regards to proper notebook keeping.

As a scientist and research mentor, I often must guide new re-
search students on proper research/laboratory notebook keeping.
Over time, I summarize several guidelines for myself and my stu-

dents:

e  Number every page, and no page(s) should be torn out of the
notebook.

e  Write all entries in ink.

e  Every entry must be (a) dated, and (b) complete with objec-
tives, procedures, and results. Essentially, you or your friend
should be able to replicate the experiment/work from your
entry.

e Do not write into the margins. This is to leave space for bind-
ing.

° Do not leave any empty pages.

e If you make a mistake, don’t obliterate it! Strike out the error
while leaving the error readable.

e Never use correction tape or fluid - this is equivalent to scien-
tific crime.

e  Write down the file name(s) of any computer files used or gen-
erated, including any written computer codes. The computer
files should be readily identifiable from notebook entries. As
much as possible, these computer files should be version con-
trolled and printed.

e  Printouts must be firmly attached to the page.

e  Have your notebook notarized routinely.

To cap it off, I add that “your research or laboratory notebook/
logbook is your primary record of all your work, readings, and in-
terpretations of your work. The term logbook comes from explor-
er’s or mariner’s log where each measurement and direction are
kept throughout the journey - for complete replotting of the route,
if necessary. Hence, your research or laboratory notebook/logbook
must be maintained as such. In event of litigation, your research or
laboratory notebook/logbook is likely the first piece of evidence to

be called for in the court of law”.
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Although the ownership of research notebooks can belong to
the principal investigator, institution, or research sponsor; the
owner may allow the researcher to make a copy when he/she
leaves the laboratory or research group. I have heard instances of
mentor-mentee conflicts surrounding this issue where the mentee
wants a photocopy of his/her research notebooks but disallowed
by the mentor due to many possible reasons; and quite often, this
conflict is never fully resolved resulting in animosity. Nevertheless,
this suggests that a scientist’s research notebooks comprise of
two series - the scientist’s own research notebooks, and research
notebooks of the scientist’s students or mentees. This further im-
plies that a scientist’s own research notebooks (the former series)
is likely to have its roots in or as research notebooks of his/her
research mentor or adviser (the latter series) - a parallel to aca-
demic genealogy [32,33]. The transition between the latter to the
former is usually parallel running or direct changeover, rather than
phase implementation. In parallel running, the original research
notebooks may be kept by the advisor as the advisor’s latter se-
ries with a duplicated or imaged version as the start of mentee’s
own research notebook series. In direct changeover, an early ca-
reer scientist or graduate student may stop contributing to his/
her advisor’s latter series entirely while keeping his/her research

notebooks.

I have the privilege of a direct changeover after my honours
year when I move from molecular biology and cell biology research
into bioinformatics, with the first entry dated 7" May 2004 (Figure
1). This entry recorded the discussion I had with Dr. Christophe
Lefevre, who was with Victorian Bioinformatics Consortium [34]
(https://github.com/Victorian-Bioinformatics-Consortium) and
would be my PhD co-supervisor eventually, on the potential direc-
tions that I could take for my doctoral studies which would offi-

cially begin in July 2004.

Looking back, I found a subtle shift in research notebooks
moving from wet-laboratory research to dry-laboratory research.
When | was doing wet-laboratory research during my honours
year; my supervisor, Dr Kevin Nicholas; is insistent in research
notebooks. In fact, we must use the official issued laboratory
notebooks as Kevin refuses to read or discuss about anything not
written in there. However, Kevin is much less insistent on labora-
tory notebooks when I started my doctoral candidature in bio-
informatics with him. As a result, I am able to start my own re-
search notebook series. I think one of the fundamental features of

bioinformatics work is the presence of source codes written for
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the analysis of data. Source codes are both human and machine
readable [35]; which meant that if the data and source codes for
process and analysis are present, the work is documented. This is
supported by recent studies in automated documentation genera-
tion from source codes [36,37]. Hence, the presence of source code
files for data analysis can be deemed as “according to manufacturer
instructions” in many publications. I had also archived the codes
from my doctoral studies (URL 2) in Software Heritage [35], which
aims to “collect, preserve, and share all software that is publicly

available in source code form”.
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Figure 1: The First Page of My Research Notebook. This entry is
dated May 07, 2004; containing the minutes of discussion with Dr.
Christophe Lefevre, my eventual PhD co-supervisor, on my poten-

tial the potential directions for my PhD.

Since May 07, 2004 (Figure 1), I have accumulated 3800 A4
pages of research notebooks for myself (Figure 2A) and gathered
nearly 4000 A4 pages of research notebooks from my students
(Figure 2B). On a personal standpoint, it has been known that re-
search notebooks are tools to consolidate learning [38]. From the
standpoint of archival, there are intricate details embedded within
the research notebooks about the researcher’s working style [39]

and thought processes [40]. Recording of research data is not a
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haphazard process but a well-considered process. For example,

the same data can be recorded as a list or in a table, which has . e
17/6  Wednesday (Passace 1
drastic differences in subsequent analyses. Similarly, using differ-
ent coloured ink to categorize thought processes can demonstrate X A istane Muas Rond AV Me caleulasis
high-level thinking (Figure 3A). Creativity and artistic talent can 1K B “was wsed propaed inskead b 4K N
also be demonstrated for bioinformatics work (Figure 3B). Person- gt yploinf by (W O ond” H onbosilel ol T
ally, I find that research notebooks is an invaluable asset attesting = A = -
Flecoltyee,  agair ociginal  E. coli AT 55 dge
to the work done.
¥ T-Day 0D "cc\—‘L oy 5 Doy 7
-] )
Tracchnend 196,16 22/¢, 24/€,
H Ms¢r 0T 0961 o-q1
o — L MSG o 83 o.7a2 o. 24
= E 2 S 3 ] 0-€18 &,
=8 g £ 8 H BA 0. T4 249
28 8 8 g @ LA 13 6474 5.47¢
H Nagt 0. 141 1-63% |- oo
L NaC{ 0.565 |-181 107
= 2
E Js o-11( \.067 1-13)
g L cawh 0.7\9 1-oA0 1137
=
=
b P"ﬁ&"ﬁ- O ia 31\,(@:.] sfock s reference pessage ?'h
B
ELFSTiag  dobn agaalh fasm vEWiY T
0 diers N Seern '\ DECetp ) RDG PP Pleudmeneg > lolddn - dio lvuum: - Aueny
NE - CPIDBALD L. bak - gut AR 5 MY (res Ak - o eS® SN i
o Format 3 o o dorden comppurtd wit, (e}
. Hl.l'mﬂlﬂ.lﬂn‘n’l-ﬂ!-nw-ﬂﬁw‘ a9 x
] [ i . : H =S L)
r ; 5 BE = cz n y T 3 FAN IS S SN S A S —~
E g c &y Bk Q= 8F VS P e 1 N A R A el )
ES > & g o5 o s et | ousnie| paw | wie | @ | o | s | s | . [
g g = E g Q0 5; o>
E = E 3 1 O &8 Og v wwstrvon | croutoord 20 | e | ows | oua | oae fuen| ae | owe * w
e - 2 g g a2 11 = M . 7 c ; : sl . .
8 | 8F Fedl e S <8 | B ! SN R T O O O 2 A T A
g 3 8 83 o3 e T . s
g e £z E& | ES '- 5
; ;—5 ‘; § § 5"4 %{_I--:‘ T ol B (6nd and #plae) and e fov 81" Cinwnlid date) .
E .: E g =1 o0 o "\ T AReR el cavaud dada /“
L @ ~ A ;‘ = g Mo oo Glama B LBugr) and v cwnk 80 mgnt otk corngv
E ?_u] 2‘; b indicotts pambey ok WS (R oW e )
e | - [
E N7 = ot (Euaul € dnin coteckd) in $0Geading ediv, wnirt wmemess aembpy S FEr0 £0).
e glimtrast valwil ¥ Axi —
Figure 3: Examples of Research Notes from Students. Panel A
shows the use of different colours to categorize annotations - red
for mistakes and important headers, blue for data, and green for
information. Panel B is an example of creative and artistic talent
-
while doing bioinformatics work.

Figure 2: Research Notebooks. Panel A shows 14 volumes of my
research notebooks, spanning 3800 pages. Volume 12 is still in
pre-bounded state. Panel B shows 9 volumes of collated research
notebooks of my students, spanning 3951 pages. These research
notebooks are A4 sized.
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Research data

Extending from research notebooks is actual research data -
data that eventuates or instrumental in a publication. Although a
good proportion of journals encourage data availability and shar-
ing by 2020 [41], it is hardly sufficient [42] as a study by Gabelica.,
et al. [43] found that they can only successfully obtain research
data from 6.8% of the published papers with data availability state-
ment. More importantly, 85.8% (1538 of 1792) did not respond to
data sharing request despite indicating in their publications that
they are willing to share their data. Data availability is often the
first step towards reproducibility [44].

A study by Federer [45] suggests that availability of URLs or

DOIs to retrieve data may be more trustworthy that a statement

[13] MapMan-Tobacco.rar (2013)
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of willingness to share data, which I am supportive of. As such, I
aim to release as much data as feasibly possible at my own website
(URL 3) for each publication. Moreover, [ try my best to include the
necessary data files, such as downloaded sequence data, in my data
release (Figure 4). While this may seem unnecessary at that point
in time since I can always put-up URLs to download the pre-req-
uisite files, I realize that this to be an appropriate move when I at-
tempt to retrieve data from dead URLs given the published papers
of others - my email enquiries to the authors are not replied; thus,
rendering the publication unusable. At the same time, I find that by
making research data publicly available pushes me to archive my

data in a more usable and neater manner.

Data set for Ling, MHT, Rabara, RC, Tripathi, P, Rushton, PJ, Ge, X. 2013. Extending MapMan Ontology to Tobacco for
Visualization of Gene Expression, Dataset Papers in Biology 2013, Article ID 706465.

[12) NTGI-part1.zip and NTGI-part2.zip

Tobacco gene index, release 1to 7 (from DFCI Gene Indices) and used in Ling, MHT, Rabara, RC, Tripathi, P, Rushton, PJ,

Ge, X. 2013. Extending MapMan Ontology to Tobacco for Visualization of Gene Expression. Dataset Papers in Biology

2013, Article ID 706465.

Figure 4: Sample of Research Data Release. MapMan-Tobacco.rar is the main research data file release. However, I choose to release

Tobacco Gene Index release 1 to 7, in case they cannot be found later.

Auxiliary records

Circumnavigating research notebooks and research data is a
vast space of auxiliary records, which includes emails and instant
messaging [16], notes and drafts [17]. This almost covers a scien-
tist’s entire written or typed text, which are worth preserving [17]
and I concur. While preparing this manuscript, I flipped through
pages of my diaries (Figure 5) and schedules (Figure 6) and found
both frustrations of failed experiments, thought processes, as well
as the elation of successes in my career - none of which can be pub-
lished in any scholarly form. Yet, within these pages contains the

vivid experiences as they happen [46], the links between projects

and the thought processes that glues them together; as Lotte Mul-
ligan found in the case with Robert Hooke’s diaries [47]. Within my
instant messaging logs are discussions with my colleagues, friends,
and ex-students about science and how we approach science, how
our scientists’ work affects our thoughts, our understanding, simi-
larities, differences, and notably, reflections. All of which can be
considered duoethnographic in nature [48,49]. For these reasons,
I feel that there is value in its preservation and hopefully, contribu-

tion to our collective scientific heritage.
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Figure 5: Thirty-Six Volumes of Diaries/Journals. The diaries/journals are A5 sized, spanning 10985 pages, from 17 March 2008 to 23
August 2024 - 6004 days; which equates to 16 years, 5 months, and 7 days.
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Figure 6: Nine volumes of Schedules. Panel A shows 9 volumes of annual schedules in the form of management diaries from 2016 to
2024. Panel B shows a page from 22 /23 February 2016.
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Concluding Remarks

In the National Palace Museum of Taiwan lies an artifact known
as “Lord Mao’s cauldron”, created at around 805 BC, and is histori-
cally important due to its inscriptions of 500 Chinese characters -
the longest ancient Chinese bronze inscriptions known today (URL
4). The work of a scientist consists much more than published
papers. Other unpublished or unpublishable materials; such as,
research notebooks, research data, thoughts, formal and informal
communications; are also part of our collective scientific heritage
and worth preserving. Science is a large collaborative human en-
deavour [50,51]; hence, every scientist should consider them-

selves as personal archivist.
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