Laboratory Notebooks

I HE LABORATORY NOTEBOOK is

the record you keep of the methods TYPE AND FORMAT

and results of your experiments. If there CONTENT
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glass shop rigged up for you—nothing
is as valuable as your raw data. With it, you can write papers, plan experiments, and
build on your results: Without it, you might as well have not been in the lab.

Your lab notebook should be clear and thorough. If something goes wrong, you
must be able to go back and figure out what happened: Did you use older cells in the
previous experiment? Was the incubation buffer made correctly? Did the enzyme
suddenly stop working from one day to the next? Your lab book should be packed
with clues that will help you solve the problem. Furthermore, another scientist should
also be able to interpret your notes. A scribbled record, interpretable only by the
writer, is not only obscure but is actually suspicious. Your lab book should be a
defense against, not a proof of, fraud. It is proof of who you are, as a scientist.

TYPE AND FORMAT

Sheets versus book? There are many ways to record data. Before you invest your
time in a particular method, be sure to find out if the organization or R1. requires a cer-
tain format. Some companies and organizations have extremely stringent rules: This
is not only because of issues of fraud, but also for protection, in the case of drug
development and/or lawsuits.

For example, in one international pharmaceutical company, numbered note-
books must be signed out of the office. The lab book, with numbered pages, must be
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90 Laboratory Noteboolks

kept every day, and countersigned every day by someone not connected with the pro-
ject. The lab books are locked every night. They are kept indefinitely, and are micro-
fiched once a year: They are never considered to be personal property. When a com-
pound is being considered for human trials, the data and calculations in the note-
books are checked for errors by a group of people.

Needless to say, not all of these rules are followed in every laboratory. But if you
are required to stay on top of your data this way, just do it. You'll never regret having
organized data, and you will just have to cope with the sometimes tedious attention
to detail.

Academic laboratories tend to be much more liberal in their lab book require-
ments, and many have no rules or guidelines whatsoever. Here you may find every-
thing from data kept on paper towels to bound notebooks with carbon paper. Check
with the PI., and follow his recommendations. Most will recommend a book.

There are advantages and disadvantages to all styles of lab notebooks.

Type Advantages ~ Drawbacks
Bound book No lost sheets ~ Experiments entered as done,
~ Proof against fraud ~ nological order
Loose leaf sheets/  Can group by experiment, ~ Can 'ldsf;»ls}iejc:cs, harder to prove
folders maintain order . authenticlyy

Easy to record data
during experiments

Computer/ .~ Easytoread ' . Can lese data, harder to prove
spread sheet Easy to do calculations ~ authenticity

Looseleaf sheets are good for organizing multiple projects. They are also good for
manipulations during experiments, since you can use a clipboard and not worry
about the bulk of a notebook. Entering data directly into a computer makes further
manipulations, such as graphing and statistics, quite simple. But accountability is an
issue that only a bound notebook can address. If you have a choice of notebook type,

go with the bound book.

@ What to look for in a bound lab notebook

Large, 8 1/2 by 11 inches. You can attach photographs and some printouts,
and have room for notes.
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Type and Format 91

* Bound pages. It should be impossible to rip pages out without destroying the
integrity of the book.

e Numbered pages.

e White, gridded pages. Lined pages are too confining, blank pages become
messy quickly.

e Duplicate pages. The second page is usually yellow, with perforations that
allow it to be torn out easily.

FIGURE 1.

Set up a file system for printouts, photographs, X-rays,
duplicate (yellow) lab notebook pages, and for all data that
cannot be neatly taped onto a notebook page. Each
experiment should have its own folder.




92 Laboratory Notebooks

CONTENT

The record of every experiment should contain:

® Date of the start of the experiment. Put a complete date (including the year) on
every page, even on continuation pages.

® Title of the experiment. Briefis best. Examples are “Mini-preps of library clones”
or “PMA effect on chemokine release from fibroblasts.”

® Brief statement of purpose. This is an extension of the title, with a bit more
detail. For the titles above, one might add “To check the insert sizes of the chick-
en cDNA library” and “Compare sparse vs dense cultures for IL-8 release.” The
title and purpose may be combined.

® Description of the experiment. The protocol for the experiment could be written
out in the book before you begin, and amended as you do the experiment. A copy
of a protocol could be pasted in, and also amended as you go. Always give a ref-
erence for the protocol you are using. This may be a journal article or a protocol
from a book, or a reference to a protocol you developed (“as done on 9/5/97; see

page 13”).

Record caleulations on an empty, adjoining page. Ifit makes it easier for you to
Include calculations for concentrations, dilutions, keep track of the data points

molecular weights, and molarities. draw a scheme of the layout

Everything that happens—and doesn’t happen—is of the samples. For example,
data. Include all controls as data, including standard | if you ofien use a 96-well
curves and 0 time point numbers. plate, photocopy a plate or a

As you go, tape what print-outs and pictures will fit | template, tape it into your
into the notebook. Keep everything else together, well- 500/@. 47?“' record .t/“ sample
labeled, so that the origin can be determined if they are descriptions onto i
separated from the rest of the write-up. File in folders
with the yellow copies.

At the end of the accumulation of all data, write a one-sentence summation of
the results of the experiment. Note any oddity or aberration, and add any com-
| ments about why the experiment may or may not have worked.

Table of contents. At the beginning of the lab notebook, or on a separate blank sheet,
keep a table of contents, with experiments listed by title, date, and page number. It
seems like a pain, but it will always save you time when you are searching for a par-
ticular set of data. o . -
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YOU WILL NOT BE ABLE TO REMEMBER EVERYTHING YOU MIGHT

' NOT BE ABLE TO REMEMBER ANYTHING

Record everythmg There is nothing too minor to record. \erte 0 anyone (1ncludmg your-
self) can pick up your notebook and duplicate the experiment (and the results) perfectly.

 Information commonly omztteaf thﬂt you might need [ater
~ Serum lot number
 Antibody titer.
~ Other pcople involved . ,
Cent rlfuge model speed and temperaturc .
Incubation time ' \
~ Number of washes .
“Tube type and sizes

Unant1c1pated delays in mcubauons, washes, and treatments

 Growth medlum used
* Buffer pH
- Calculanons ;
. Initial number of cells
L Aoe and passage number of culture
. Agarose or acrylarnxde percentage of gel
 Growth stage of bacteria

- Condition of the cells used: sparse vs overgrown culture, granular cells, floating cells

~ in an adherent culture

MAINTENANCE

It is not enough to record data as you go along. Unless you update and review the

notebook, you will not have a good grasp of the contents.

Record everything as soon as you can. Try to record
the experiment as you proceed through the experiment. If
this is not possible (for example, when you are working
with rad10act1v1ty) do it at the end of the experiment.
And if you can’t do this, do it the next day, at the latest.
DO NOT save one day a week to record your data. The
20+ experiments that you might do in a week can become
a mental muddle by the end of the week.

Do weekly check-ups. Set a regular block of an hour
to go through your notebook. Even if you are working all
weekend, Friday is often a convenient time. Use this time

to do the following (see p. 96):

Lab notebook styles can be
very individualized, but
must still contain the essen-
tial elements. (See sample
notebook pages on pages 94
and 95; courtesy of Jian Guo,
University of Washington,
Hongxia Fan, Rockefeller
University, — and  Clare
Carroll, Rockefeller Univer-

sity.)




[~~~ ] == &5} s |5 ¥} e § ¥ ¥ vy

, _ »ilﬁ , || I N I O | L1 | H __ “
| [ ] [T T 7 T [ ] i | " W
-— [ N S | I | | |
HEZ6°6  WNG 55z ] - togs. 2lse 12ec1 : | ] HERER L] _ || |
| _ M R | |
“ O e A v RN . |
| Cnoe o= gresw pubrogiop = Opx bEQr X )€l : __ xr , T i
i ] < e . ” h T
T Bgarcprosm eiges - b 900 v | ——— . -
I h L Pl | i i
| Pgele v yufbas = T 05 x 031t ¢ 30U =y | L _ | . N ,_
ll_! NNI\\mMMN \ foe.? _«éhs%c T c\ww ) don_h; ¥ T/ ‘ E,\_:ﬂ., S 4.3
N U TS ss) iWE CgzEie g T RN e SIS T
| - 2L yreos YNe BN < PElce T u ,_ P . Lo | w ,_
| AT —— - M LA 1 L K T
——— O%ppw PTo9) o gnQ a @sz  x ] ! = == 4, e —
| 434 14015 SS3dd TITdNYS 135 NOEIETIOGEER |ISFE frogey [ bk [pmiet [sHsSel | ok aRNAL]
| | LEhyl fogheg [S1%5 | peis V0S| 8T | TR 0]
o COEN (Shrel Bogied [ lost [T0ts] f3obn | KR TR I
R S R e e SN | SEEST | Bhse_Jeisl s | TEE) | TSob | 0€ 799 T
N T T T T SETH : | | [PibulE St | SULE [EREIR[EOE [ehvie [0 O 1
| ; | . TR R \Q& O AR S A S _, (29l | bleof b E20n {08k &by | ettls ST
[ | , | F ] e || , bIEWY [ BBple [ 3Tk OB W18k | 72is] "
il | [ N L HIRERN, | OTESOT] EsI [ 515 [SHT fomiest | Sl
| | TN FRIE e T TWE YR oA [ T yed padag i R BRSNS LB [THothl
M ;, N lEEiED AT 17 el | | ] J EPVER Fege® [iohgrtl | US09h LHOTOT | THAZGY
_ i I Polr AR o VIBS * HAOZ°LOE [ T:w ,_So,jm ] ﬁ Q E1LC w&ms 1-191Se J.@#m m..va_N <150,
| | . L ﬁ g | m RTIRIS 3. (F%50C [S00s98 | SOTRT | OT3%%]
| | m B i
| Eid _xf 1.»2,_5 || (B bt R BhRY [ Tio0g || AT | SisL | wsLl
2 m%j il dai A ! AR B I S B
YT :_,_ql (I L m..mva i PO ek |0l [EEISTT [ S
EIlidiisd 7 _ bHER 8b | 93998 [1L15a afm9el fhsial || g'9M
I , h SFoa)8 ja'sso i [[TEmsE |- 1851/01 {8" Jobqt vlalptf | SS9
) o_,kiov, Ve I | ] | ] S%3bnTb [3788R ] E3bb gl “hebdb [OR0Nq1 RO ] | &I
_ ] I NENE Afg | sher] JohehSs [posist /'Sl BEEE
7Y T | ] eS8 [ T [ sTag [0 inRbh | 5bsn YRIT] SSi
VR[S ] T Teri ToPw [ A8eeh | GWE [ | e BERE
HERENENN 1 eE | AR TRt | T [ BWsT | gt | | =T
_ * e | L 9 e Ve | SRV [TROVRD | ta v | [ ]
EZRAEEN % BE ] N LT T T
! Pl | - | | [ \ L i1
T S d T Eﬁ_ﬁ: TR 3?% 9 SINOGD [ Tow | @ ]
:W:; _ a_.mﬂ_i_%:: .w; *8_@‘\_

94



i T T i ; 0 T v
Lag) 27 11 andyd wwg wepmm v rvWMomd o il “ ” R JNTEEZE NS =
‘ / 4 . o | Can 8| A e
N 1 {
188 Hadr = —reigemow rpx M T 2 AeH 3E (D [lao| sbe| sp%| Sog) 10 e g9 Y a4 =1
Wwsa) 9. up 2jsms ) &._LH Ty O €1l 961 pel| 901 BT iy ele] ges Y[ 8IS =23 _
K : N e a c-a ©o r SN M 20 oo wih wio uﬂ)&wﬁ
\NNS.\\ 37wy MasTmd vl ‘m\\«? »t#\\ww\ Sool| Sol| Se1| &t kv SRS RS
Hudr wwal v orwyugmerw oy sy o4 well el | fei | [bel]  [oe¥ o o8yl el ey [ =P .
Qe 3 Se ise 7 CES a8 M3 =L +.§ d+ﬁ»L:P.“JA.~\w le—
N5 > h 7 ri\ @ @ © & © 9 O[O [ 3 %p |0 |
o ’ L -0 Q@ w{ (¥ M $1-0) goeand] [ h T \_\ e ¥y s o w
AHWS. \\—\N d.wm ] 1 _ m “ “:3 Q?-ﬂ,\.r M,Mv T\ oiv;rooa T
R it v)u;\ulw.ﬂLH b diasi i S &i&s@ : : T f g Bsi R Al L -
(2osmizvns) — £°2) DyBIA Ty v..dy&m\ s e 0\1‘&.. :
A S WL e el ) B e -
Ao JAXT  [wE~ yepecp SRR
\31\\\%\ X.b\%. QB\M VX ’ yyrm )
((s0=""%3) 1774 \i.mﬁmn "
wz \%A.Q&.w o
& V\.S‘u%t e
4 é\x LAXT wowarly  2pd s :
sw\&m\ wwal v m
f9="ys @ 7 T w?awci‘?. ©
> 7 t&\%ﬁu ¥ , 8% f\Lw@ I | .m.vma;;ﬂu.;.vf,.“ﬂ.!“"
Ve 1TH o o m | ooge M 009
78 J.QQu&\ x T
ofd oIXEd ~
I A
\\.\e‘&w,«u Yy W NG _ < m
KR R B RALY s A T i
£ T g TINIY, v
429 2y |77 go) v&tﬂ:&\ Tyl \N..‘,Y ) — VTR
te -1 -/ »




96 Laboratory Notebooks

* Autach all data, printouss, and X-rays to the appropriate experiments. If the paper
or picture is small, tape it into the book. If it is large, place it in the experi-
ment file. Most films need to be held up to the light to be seen properly, so
file even small films instead of putting them in the book.

* Make tables and graphs. Try to do this during the week, but certainly do it
before the week is over. A graph or a table makes all
data easier to interpret; it looks “real,” and will val- | If you don’t know your data,
idate your position in a discussion far better than a | the experiments are useless.
wordy explanation. You also want to avoid making | Only by knowing your resulss
dozens of graphs and tables only when you are C‘Z”)"’”P/“”}’OW' course, djs-
writing the paper or giving a lab seminar. If the | ¢S your conclusions, and be
table or graph is small, tape it into the notebook; | sl
otherwise, file it in the folder.

S

© Write summaries for all the weeks experiments. Go through every experiment,
and be sure there is a sentence or two summarizing the results at the end of
every one. Feel free to write more—interpretations, recommendations for
other experiments—but always write your summary where you can flip

through the notebook and find it.

*  Record the experiment in the table of contents. By simply recording the titles and
dates of the experiments you will greatly boost your organization, since you
can much more quickly find any experiment you want. If appropriate, record
the page number,

* Make a plan for the following week. While the data are fresh in your mind,
think a bit about what they mean and what you need to do next. A written
summary is probably unrealistic, but would be amazingly helpful.

Solicit feedback on your data and your plans. Once you know your data, discuss
them with coworkers or your PI. You don’t need to completely understand what all
the results mean to initiate a discussion, but you certainly must know what the data
are.

ETHICS

Ownership. The lab notebook belongs to the laboratory, not to the labworker. If you are
terribly attached to your book and want to keep it when you leave, discuss it with the
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P.I. He or she may be happy with a copy, but that would
be unusual. Ask whether you may take the yellow copies.
Don't be afraid to make your lab notebook personal,

Ethics 97

1t is considered to be an inva-
sion of privacy for one lab

worker to read another per-

with remarks, lamentations, and peeves noted, as long as | sous lab notebook without
the data are reported clearly and thoroughly. But too | asking.
much deviation from the data is unprofessional and could

be embarrassing, so minimize the emotional information.

Public versus private. The lab notebook is a curious document, a mixture of a
public and private record. In most places, it is left on desks or lab benches, but is
never looked at by anyone but the “owner.” Don't sneak a peek at another lab mem-
ber’s book, even (or especially) if you want to check on suspected fraudulent data. If
you suspect fraud, speak to the PI. And if you suspect someone is examining your
book, lock it up or give it to the PI. to lock up at night.

PI. access. Generally, the PI. will read technicians’ and summer students’ note-
books freely, but will not read graduate students’ or post-docs’, as this is viewed as
intellectual infringement by many. But don’t be offended if your book is examined,
especially if the PI. is helping you troubleshoot an experiment. It is technically a pub-
lic document and should be able to stand up to scrutiny.

Archives. How long should a lab notebook and raw data be kept? Because of
space limitations, most labs cannot keep all lab notebooks indefinitely. They should
be kept for 5 years, and disposed of only at the discretion of the head of the labora-
tory.

Don't dispose of

* Old notebooks you find when you start in a lab
* Your own notebooks, even after 5 years

* Any notebooks for an ongoing project
 Data found in drawers and on the computer Omitting a result is falsifying

Recording data. A “mistake” made in your notebook dasa.

will be amplified by the time it makes it into the literature,
so be absolutely rigorous about recording everything as accurately and honestly as you
can.

Never omit a data point from your notebook! There are statistical criteria for
eliminating data points, and these should be followed. Some kinds of data do not
lend themselves to this kind of analysis, and the decision to jettison a data point is

harder to justify.

You may be pushed to obtain certain results. In many cases of fraud, the perpetrator s
- blamed the PI., saying that the PI. expected a particular result, and the researcher felt com-

pelled to produce it. It is true that a PI. may want a result. But your data are your respon-
sibility, and it is up to you to be sure the data are recorded honestly and accurately.
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If you drop a data point, note in your lab book the reason you have eliminated it
from calculations and graphing. Write “since I think I had jiggled that plate,” or
“because such a result was not seen in 6 other experiments,” or “the cells didn’t look
healthy.” No matter how weak your reasoning seems to you (and if it does seem weak,
perhaps you shouldnt be doing it), you must make clear what data you discounted
and why.

4
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