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“Live in the serene peace of laboratories and libraries.”’

Louis Pasteur (1822-1895)—Advice to young scientists attend-
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Preface

This bak has a simple purpose: to teach the principles of proper
scienti: 1. notekeeping. Few, if any, of us working scientists write
notes as .- .ully and completely as we should. We often lament not
recording a sremingly unimportant detail that ater proves crucial.
Much experimental work could have been better understood, and
much repetition of work avoided, if only we were more attentive in
our notzkeeping. '

Th= principles presented in this book are goals for which we
must strive; sometimes following all the principles will be impracti-
cal or impossible. Do the best that you can, and keep in mind that
the extra effort and time put into notekeeping are worthwhile.

Everyone develops a personal nor :keeping style; some are more
efficient than others. If you would like to share the personal
techniques that make your notes especially useful, please send your
ideas to the ACS Books Department, 1155 16th Street, NW,
Washington, DC 20036.
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The Reasons for Notekeeping

An Querview

laboratory notebook is one of a scientist’s most valuable tools. Tt contains

the permanent written record of the researcher’s mental and physical

activities from experiment and obscrvation, to the ultimate understanding
of physical phenomena. The act of writing in the notebook causes the scientist to
stop and think about what is being done in the laboratory. It is in this way an
essential part of ‘*doing good science,”

The laboratory notebook is known by different names to different people. It
is variously called the ““lab notebook,” *‘project notebook,™ “engineer’s log
book." or “*rescarch journal.” Whatever it is called in your place of work or study.
I am referring to a bound collection of serially numbered pages used to record the
progress of scientific investigations. The notebook s used not only in the
laboratory, but also at pilot plants and in field studies.

Why Keep a Notebook?

The information written into a research notebook is used for several purposes.
Most importantly, the pages of the notebook are used to preserve the experimental
data and obscrvations that are part of any scientific investigation. The notes must
be clear. concise, and complete. The properly kept notebook contains unambigu-
ous statements of “the truth” as observed by the scientist. 1f the notebook is to be
of any value, experiments that fail must be recorded as faithfully as those that
succeed.

The guiding, principle for notekeeping is to write with enough detail and
clarity that another scientist could pick up the notebook at some time in the
future, repeat the work based on the written descriptions, and make the same
observations that were originally recorded, 1f this guideline is followed, even the
originil author will be able to understand the notes when looking, back on them
afrer considerable time has passed!

0906-585 ‘0001 "$06.00 1
€ 1985 American Chemical Sociery
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2 WRITING THE LABORATORY NOTEBOOK

After the data are recorded, the researcher begins to study them. The
notebook provides a forum in which data and observations are analyzed, discussed,
evaluated, and interpreted. Even though much experimental data is today in
printed instrumental output or in computer-readable form, the notebook is still
the logical place where such data are suminarized and reviewed. This process leads
to the writing of reports, technical papers, patent disclosures, and correspondence
with colleagues. 1f the notebook is well organized and adequately indexed, finding
the appropriate passages when needed is easy without searching page by page
through the notebook.

The information recorded in the notebook also can be used ro review progress
and to plan further work.

The Industrial Notebook

From an industrial research scientist's standpoint, keeping a notebook is an
integral part of the job. The lifeblood of many corporations is the steady stream
of patents and inventions flowing from research and development laboratories into
the marketing department. The important role rhat a notebook can play in
securing or protecting a patent is discussed in Chapter 7. If properly kept, the
notebook is the scientist’s proof of discovery or invention and often is the sole
source of certain information that will be needed in pursuit of a parent.
Notcbooks should not be kept according to certain standards solely to ensure
proof of discovery or invention, or to get a patent. Rather, if the notebook is kept
according to good principles, it will be a useful device in any research, and
especially <o when patents are involved.

From the rescarch supervisor’s standpoint, occasional review of the
emplovee’s writing can help to assess progress. This review should feed
information back into the process of improving the researcher’s effectiveness. This
aspect applies in almost all job situations and is unfortunately neglected by many
supervisors. Checking of primary data and calculations by a colleague or supervisor
is often required by research protocols and is recognized as an essential step to
guard against fraud in rescarch (see Chapter 4).

The Academic Notebook

The student who is beginning laboratory course work will have to keep a
notebook because it is required for the course. The student should realize that
good notckeeping is an acquired skill that can be of tremendous benefit in any
carcer. If this skill is well developed while in school, notekeeping will become a
matter of habit rather than a chore. Writing good notes requires discipline and
practice. It is a skill that does not come casily to most people,

For the student performing original research, the notebook will be the prime
source of information required to write a thesis, dissertation, or technical paper
for publication. Careful notckeeping while performing the dissertation research

[y
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The Reasons for Notekeeping 3

can make writing of the dissertation much easier and may help to avoid repeating
certain experiments. The advanced student may even become an inventor, and the
notebook may play a pivotal role in obtaining legal right to the invention.

Why Use a Bound Notebook?

The foremost reason for using a bound notebook rather than a loose-leaf binder or
wire-spiral notebook is that the pages are permanently and strongly attached
together. Related notes written on different pages will not be separated by
accidental loss of separate pieces of paper. In addition, the date of a particular
entry is less subject to question if notes are recorded in a consistent style, in
chronological order, and with no blank or missing pages. The industrial researcher,
whose work may lead to patents, has no choice - <cept to use a bound notebook
for all laboratory nctemaking.

Tales of Fame and Fortune

The number of discoveries or inventions that have been delayed or missed because
of sloppy notekeeping can never be known. The following story demonstrates how
a great discovery passed by the French astronomer, Pierre LeMonnier (1715-1799),
because he kept poor notes.

Sir William Herschel (1738-1822) discovered what he thought was a comet
in March 1781. The heavenly body he observed was soon shown to be a new
planet and was given the name Uranus. However, Uranus was observed on several
occasions back in the 1760s by LeMonnier, who didn’t realize that he was looking
ar an undiscovered planet. Francois Arago (1786-1853), a French astronomer and
biographer of the nineteenth century, was studying the moon’s librations from the
Paris Observatory in 1805. During this time, his colleague, Alexis Bouvard
(1767-1843), showed him LeMonnier’s notes. Arago wrote (1)

If the writings were held in order, if the determinations of right ascension
and declination for each day were figured in regular columns and
observed, a simple glance would have shown to LeMonnier, in January
1769, that he had observed a moving heavenly body, and the name of this
astronomer, instead of the name Herschel, would be found forever next to
the name of one of the principal planets of the solar system. But
LeMonnier’s records were the picture of chaos. Bouvard showed me, at
the time, that one of the observations of the planet Uranus was written
on a paper bag which once upon a time held powder to powder the hair,
bought at a perfumer’s.. ..LeMonnier, in reviewing his records, found
that he had observed three times the so-called comet of Herschel in 1763
and 1769.

Most lab workers, from time to time, may use the odd bit of paper at hand
to jot down a tare weight, titrant volume, or instrument reading. Often an idea
will occur to you and you want to put it on paper before the thought is lost, but
your notebook is not around. Henry Ford always carried a small note pad in his

1



4 WRITING THE LABORATORY NOTEBOOK

suit coat pocket. When he came across a phrase he especially liked or an idea for a
new device or a method of improving a mechanical process, he would immediately
write down his thoughts. Dozens of pieces of paper from these little *“jot books”
were found in small boxes in his home, Fair Lane, shortly after his death in 1947,
Many words werce terribly misspelled and none of the notes was signed or dated.
These notes provide some interesting insights into the thoughts of the great
industrialist, but they would have been worthless in proving the date of any
particular invention. (Acceptable methods of transferring notes into the permanent
notebook are discussed in Chapter §.)

Perhaps the most famous and potentially valuable notebooks of recent
decades were those written by Gordon Gould concerning the invention of the laser
(2). Gould was a graduate student at Columbia University in 1957 working just
down the hall from Charles H. Townes, who was then a professor in the physics
depirtment. In April of 1951. Townes realized the conditions that would be
necessary to get stimulated emission of microwave radiation, a concept that would
be turned into a working maser within three years. In September of 1957, Townes
sketched his idea for an optical maser. He then discussed his idea with his brother-
in-law, physicist Arthur Schawlow, who had also taught at Columbia but was
now at Bell Labs. Townes and Schawlow developed a detailed plan for building
the device that would eventually be known as the laser.

Gould was inspired by Townes' invention of the maser. In November of
1957, Gould sat down with his notebook and wrote down his own idea about
how to build an optical maser. He coined the word laser, which stands for light
amplification by stimulated emission of radiation. He recognized that a laser
would be a nonthermal source of light that could heat objects to extremely high
temperatures and could be used, for example, to melt steel. Gould also proposed
that laser light could be used to initiate thermonuclear fusion and to communicate
between the earth and the moon. He took his notes to a Bronx candy store owner,
who notarized them.

About that time, Townes spoke with Gould about Gould's thesis research,
which was on a different but related subject. Townes said that he also explained
what he was doing to Gould, and Gould admits that the conversation warned him
of what Townes was planning. The two men disagree, however. over when the
discussion took place. Gould states that it happened after he had written his notes
on the laser, and Townes claims that it was before the notes were written.

Many other physicists as well as the government of the United States were
involved in the subsequent drama surrounding the laser. Townes and Schawlow
eventually received patents on the laser and Nobel prizes for their work in physics.
Gould began many years of expensive and frustrating legal procecdings to
invalidate some of these patents and to get patents for himself. He was finally
issued a patent in 1977 on optical pumping, a technique used in many lasers.
Gould has reportedly realized over two million doltars in proceeds from the sale of
his interest in the invention, but the victory is bittersweet. His patent on optical
pumping, is being contested and the outcome is uncertain.

15
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The Reasons for Notekeeping 5

What steps could Gordon Gould have taken that might have helped to
establish his priority as inventor of the laser? First, he should have had his
notebooks witnessed by a competent physicist, who could testify as to the date
and conditions under which Gould claimed to have made the invention. Second,
Gould could have made a public disclosure of his invention by publishing his ideas
in a technical journa! as a defensive measure. Third, he could have recorded in his
notebooks the details of his conversations with Townes immediately after they
took place. None of these steps could ensure victory in such matters, but a
properly witnessed notebook is an important step in establishing credibility.

For examples of outstanding notebooks, look to outstanding scientists. Linus
Pauling’s notes (3) are the epitome of grammatical, clearly organized thoughts and
calculations. According to W. 1. B. Beveridge /4), “The notes kept by Louis
Pasteur afford a beautiful example of the careful recording of every detail.”
Michael Faraday, the self-taught genius who is the only person to have two units
of measurement named after him (rhe farad and the faraday), wrote carcful notes
of every experimental step (5). The pages of his notcbooks contain many detailed
drawings of his apparatus.

Meeting Some Legal Obligations

The practice of keeping laboratory and research records in a bound notebook is
more a matter of tradition and good sense than a matter of obeying any laws.
Major government agencies that provide the bulk of research funding at
universities (including the National Science Foundation, National Institutes of
Health, and the U. S. Department of Energy) have issued detailed regulations for
cost accounting and reporting progress in research. Surprisingly, however, they
have virtually no requirements for the documentation of experimental work or
logging of original data. Although no such requirements exist, everyone, from
student to corporate research leader, can benefit from a well-organized system of
notekeeping and notebook management.

Although no government laws specifically require researchers or analysts to
keep handwritten records in bound notebooks, the proper use of a notebook is
often the best means of meeting some legal requirements. Perhaps the most heavily
regulated field of scientific research is the pharmaceutical field. Because
pharmaceutical products affect the lives of humans, pharmaceutical researchers
must prove the safety and efficacy of their products. To this end, regulations exist
for the recording and checking of data generated in the pharmaceutical laboratory.
The 11.S. Food and Drug Administration has issued *“Good Laboratory Practice
for Nonclinical Laboratory Studies’ {21 CFR, part 58), which requires that “All
data gencrated during the conduct of a nonclinical laboratory study, except those
that are generated as direct computer input, shall be recorded directly, promptly,
and legibly in ink. All data entries shall be dated on the day of entry and signed or
initialed by the person entering the data.™

Strictly speaking, these guidelines apply only to a nonclinical laboratory
o study that assesses the safety of a drug, food additive, or medical device for human
ERIC
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6 WRITING THE LABORATORY NOTEROOK

use. The guidelines do not apply to any test using human subjects or to any
exploratory studies carried out to determine the physical or chemical characteris-
tics of a test article. However, the standard practice in pharmaceutical research
facilities is to use bound notebooks for recording the progress of nearly all types of
investigations. In addition to the notebooks, many documents that are created
during the course of these studies are kept in project files. These laboratories rely
heavily on computers to generate data and to keep track of work (the audit trail).
Some pharmaceutical lab managers have stated their intent to have a paperless,
electronic audit trail by 1990.

In a very different field, the American Society for Testing and Materials
(ASTM) is a voluntary organization whose members come from government,
industry, and academia. They have diverse backgrounds in manufacturing,
construction, and materials testing. ASTM publishes voluntary consensus
standards (6) that can be adopted by any organization as part of a laboratory
protocol or as part of a business contract. In 1982, ASTM issued a ““Standard
Guide for Accountability and Quality Control in the Chemical Analysis
Laboratory” (ASTM E882-82), which suggests methods of identifying samples
and maintaining records. The intent of parts of this standard could be met by
using bound notebooks, although the standard does not specifically require the use
of bound notebooks for recording analytical data.

Another example of the use of bound notebooks is provided by the American
National Standards Institute document designated ANSI/ASME NQA-1-1983
Edition, *“Quality Assurance Program Requirements for Nuclear Facilities.”” A
section of this document states that ‘“‘Records that furnish documentary evidence
of quality shall be specified, prepared, and inaintained. Records chall be legible,
identifiable, and retrievable.. . . Documents shall be considered valid records only
if stamped, initialed, or signed and dated by authorized personnel or otherwise
authenticated.”

Properly kept notebooks will meet some of the requirements of this standard
even though the standard does not specifically call for the use of handwritten,
bound notebooks. Many quality assurance (QA) documents are based on printed
forms, which are filled out and stored in file folders or binders. However, the
original data generated in laboratory work, such as chemical analysis or physical
testing, of materials, is best preserved in the individual tester's notebook. QA
guidelines based on this and other standards are being adopted by an increasing
number of organizations, including many outside the nuclear power industry.

Other Types of Laboratory Records

A scientist’s laboratory notebook is part of an information system that embraces
instrument and sample logbooks, project files, purchase records, and many other
items. All of these elements should contribute to the efficiency of a scientist’s
work, although, at times, just the opposite may seem to be true! For the purpose

17



The Reusons for Notekeeping 7

of this book, we adopt the following distinction between notebooks, logbooks,
and diaries:

® A notebook is a bound collection of blank, serially numbered pages used
to record the progress f scientific investigations. Projects recorded in notebooks
include basic and applied research, product development and evaluation, *“‘thought
experiments’’ and calculations, and the conception and reduction to practice of
inventions. A notebook is usually assigned to a single person and may have
recorded in it more than one project. Entries occasionally may be made by other
people.

® A logbook is a strictly chronological listing of events such as the handling
of samples, instrument usage, equipment performance, or labor records. Each
logbook is usually used for just one of those purposes. Such a logbook usually will
have daily entries, which might be handwritten into a bound book or onto printed
forms. These forms are then collected in a binder or folder. A logbook is often
kept in a fixed location (e.g., near an instrument) and may have entries made by
many people. Logbooks for samples and instruments are described in ““Standard
Guide for Records Management in Mass Spectrometry Laboratories Performing
Analysis in Support of Nonclinical Laboratory Studies,” ASTM E899-82.

® A diary or personal journal is maintained by an individual. It comprises a
synopsis of each day’s work und is intended to give a simplified, overall indication
of how the day was spent. The diary can have personal insights, opinions, and
comments on any subject, compared to a notebook, which must be a factual
account of work.

Computer-based laboratory information manageinent systems (L.IMS) have
become commonplace. These systems supplement or replace handwriiten records in
i variety of applications. The status and future of computer notekeeping is
discussed in Chapter 8.

A Proper Notebook Page

The purpose of this book is to teach the skills needed to write the most useful
notes. In subsequent chapters, we will explore how to make proper notckeeping a
habit and how to get the most value for the time that you spend writing your
notes. So as not to keep vou in suspense any longer than necessary, the essential
features of a proper notebook page are illustrated by the example in Figure 1.1 and
summarized in the following list.

® The entry was written immeaiately after the work was performed.
The author has dated and signed the entry.

Fach section has a clear, descriptive heading.

The writing is legible and grammarical.

The use of the active voice in the first person tells the story and
clearly indicates who did the work.
® The entry was read by a witness, who signed and dated the page.

-~
-
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8 WRITING THE LABORATORY NOTEBOOK
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1820-1862.

ASTM publications are available from the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.
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Books, Pens, and Paper

his chapter is intended especially for the laboratory manager, purchasing

agent, or school administrator who is responsible for specifying and

obtaining laboratory notebooks, writing paper, and pens. The informa-
tion that is included will also be valuable to librarians, archivists, record
managers, and any scientist who is concerned about the permanence of v ritten
records.

Longevity of Research Notes

From a legal standpoint, original notes of inventions or discoveries should be
available for use as evidence in patent disputes for 23 years after the date the
patent is issued. The U.S. Food and Drug Administration requires that original
records of research from nonclinical laboratory studies be maintained for 10 years
after completion of the study. As technology advances, old notes become less and
less useful from a practical standpoint. In both industrial and academic settings, it
is not uncommon to look at notebooks that are 10-15 years old in an attempt to
determine if a particular course of research was ever tried. Occasionally, notebooks
30 years old or more furnish some practical information; many are certainly of
historical interest. Therefore, we should be concerned about maintaining original
research notes for at least 25-30 years; the paper should be in such good condition
that it can be handled and studied without fear of damage to the physical record.
At the same time, the writing must be in such good condition that it can be read
and understood without ambiguity. If the paper has darkened or the ink has faded,
information may be compromised.

Permanent Paper

Sadly, many scientific notcbooks written between the 1930s and 1960s have
deteriorated badly. This problem stems from two causes: the use of light-sensitive

0906-5/85/0n11/%06.00/1
1985 American Cuomical Society €

el |
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inks, which fade ranidly when exposed to sunlight; and the use of cheap, unstable
paper, which degrades even when it is stored in drawers or cabinets and protected
from sunlight. We now have the knowledge and technology to manufacture and
use paper and ink that will truly last for several times rhe lifetime of the au-hor.

Why are many paper documents created hundreds of years ago in betier
condition than those made as recently as 50 years ago? The answer lies in two
aspects of papermaking technology that occurred in rhe second half of the
ninereenth century (1). First, alum-rosin compounds began to be used as paper
sizing agents after the Civil War. Sizing agents are matenals that arc used to
decrease the natural tendency of paper to soak up moisture or ink. Starch and
synthetic polymers are commonly used for this purpose today. Unfortunately,
alum-rosin compounds react with atmospheric moist:re to produce acids that
attack the main components of ordinary paper, the cellulose molecules, and, thus,
weaken and embrittle the paper. Second, as an cconomic measure, mechanically
ground wood began to displace chemically purified wood pulp and other pure
cellulose sources (e.g., cotton rag fibers) in the 1870s. The short fibers in ground
wood produce a weaker paper than the long cellulose fibers from chemically
treated wood pulp. In addition, the lignins in ground wood degrade to torm acids
that attack the cellulose molecules. Ground wood is also more susceptible to
decomposition in sunlight than chemically puritied wood pulp. Modern newsprint
is an example of paper made with a large percentage of ground wood.

Permanent paper is made from 100% chemically purified wood pulp,
contains no ground wood or lignin, and does not have the alum-rosin sizing agent,
Such paper will have a pH value close to neutral. Paper with the greatest stability
is also buffered with several percent of calcium carbonate as an alkaline reserve
that is available to react with and neutralize acids produced during degradation of
trace componernts in the paper, This alkaline reserve also protects the paper from
attack by atmospheric acids caused by pellution.

Not much has been said so far about rag content, which everyone commonly
associates with high-quality paper. Actually, increased rag content (i.e., cellulose
fiber derived from cotton rags, linen, or unused indestrial waste) produces
improvement in the physical properties of paper such as folding endurance and tear
resistance, Long, strong, purified wood fibers have the same effect. A high content
of rag or other long fibers does not guarantee permaneace if the paper contains
impurities that will degrade the cellulose molecules. In fact, decreased acidity (pH
5.5 or greater) has been well correlated with increased permanence. It paper is
chemically pure for permanence and contains sufficient rag content or chenncally
purified wood pulp to be physically durable, it is referred to as persmanent-durable
paper.

The highest quality, permanent-durable writing paper produced in 1984 and
stored properly is expected to last 500 vears, Some paper experts are even more
optimistic and believe that under proper conditions such papers will last
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indefinitely. Although buying paper that wiil outlast the usefulness of the notes by
many generations may seem to be a needless expense, such paper will certainly
remain in nearly pristine condition for as many years as the notes are needed. The
researcher who writes notes with archival quality paper and ink can be
comfortable knowing that the paper will be strong and the ink clearly legible for
as many years as the notes might be useful.

How can vou tell if the paper in your notebooks is of this permanent type?
The notebook supplier may be wiliing to check production records and determine
the source and type of paper used in the books. If not, you can do a few simple
spot tests on sample pages of paper using an inexpensive paper testing kit. (See the
supplier list at the end of this chapter.) The spot tests will determine the presence
or absence of alum-rosin compounds, lignin, and starch, and can be used to
estimate the pH of the paper. A compctent microscopist must be called to
determine the type of fibers present and may be needed to arbitrate the presence or
absence of high-yicld wood pulp or ground wood.

In addition to these genera! guidelines, you may use ASTM Standard
Specification D3290, “Bond and Ledger Papers for Permanent Records™ (2). This
standard provides for three levels of permanence called Types 1, 11, and 1II; each
type is divided into two categories of use, ordinary and high referral. Type III
paper has a minimum pH of §.5, is free of ground wood, and is expected to last at
least S0 years. Type I1 paper has a pH value between 6.5 and 8.5 and is expected
to last in excess of 100 years, Type I paper bas an alkaline resenve of calcium or
magnesium carbonate and a pH value between 7.5 and 9.5. This type of paper is
expected to last several hundred yeurs.

Chemical rescarch laboratories in which notebooks are used often have mildly
corrosive atmospheres because of occasional spills and the vapors of reagents,
despite the lab designer’s best intentions, Undoubtedly, buffered papers will enjoy
longer life under such conditions,

Acid-frec buffered papers (ASTM Type I) are the most expensive; this type of
paper costs approximately two to three times the cost of ordinary paper. Paper
with a minimum pH of 5.5 may be purchased for only 50% more than ordinary
paper. You get what you pay for.

These costs can be pur into perspective if you consider that a typical
industrial rescarch project costing $150,000 might involve several people who
produce three or four notebooks filled with experimental data. These notebooks
will cost around $40 if made with ordinary paper, and approximately $100 if
made with acid-free, buffered permanent-durable paper. The difference in cost is
0.04% of the total cost of the project. For this miniscule difference in price, how
can anvone not afford to specify and use the highest quality writing paper?

Adverse storage conditions can dramatically shorten the life of even high-
quality paper. Control of lighting, temperature, and humidity as well as the
cleanliness of storage facilities are all-important factors and are discussed in
Chapter 4.

iy~
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Pencils, Pens, and Inks for Handwritten Notes

For several good reasons, notes should not be recorded with a graphite pencil.
Most important, pencil writing can be erased easily and is, therefore, not
permanent. Because pencil writing can be erased and the data rewritten, the
researcher will be open to questions about the authenticity of data. Writing with
permanent i1k ensures that another person cannot alter your notes accidentally or
intentionally. A second reason to avoid the use of pencil is that constant handling
of the notebook causes the pencil writing to become smudged and illegible.
Finally, pencil does not photograph well and is therefore unsuitable for microfilm
reproduction of the notebook.

Many types of writing instruments are available, including ball-point pens,
fountain pens, porous “felt” tip pens, plastic ball roller pens, and mechanical
drawing pens. Do these different kinds of pens differ significantly in their
performance? Which type is best? Are colored inks as suitable as black ink?

Ink to be used for handwritten research notes should be fast drying, highly
resistant to aqueous and organic solvents, light fast (stable toward fading in
sunlight), reproducible for microfilming and photocopying, stable during long-
term storage, and unreactive toward paper.

Traditional inks that contained gallic acid, tannic acid, hydrochloric acid,
and ferrous sulfate were in common use for many centuries before researchers at
the U.S. National Bureau of Standards reported in 1937 that such inks attacked
and weakened the paper on which they werc written (3). As recently as 50 years

2, a US. Covernment specification stated that writing ink should contain
., irochloric acid (4). Such acidic iron-gall and gallotannin inks have actually
eaten right through papers to the extent that today some old documents ook like
lace!

Fortunately, modern inks will not cause such problems. In fact, the inks
found in a few brands of ordinary ball-point pens meet some of the criteria for
permanence. However, many common inks do not. Essentially, modern ball-point
pen inks consist of concentrated dyes in organic solvents such as propylene glycol
and benzyl alcohol. In contrast, inks for porons-tip, roller tip, and fountain pens
can contain more than 60% water. Aqueous-based inks are generally considered
inferior in permanence to solvent-based inks.

Another reason to avoid usirg porous-tip pens is that the low viscosity ink
tends to spread quickly through the paper fibers during writing; thus, the image
spreads or bleeds, often through to the other side of the paper. This phenomenon
is an interaction of the ink, paper fibers, and chemical sizing agents, which vary
from paper to paper. One brand of pen may work well on one type of paper, but
bleed badly on another tvpe of paper,

I recently conducted tests of nine popular brands ~f ball-point pens and six
porous-tip pens. These tests indicated that the inks could withstand 800 h of
flnorescent light at the intensity normally found in a laboratory or office (76
footcandles) without visible fading. The same inks were then exposed to sunlight,

U
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and nine of them faded badly after just 6 h. The red and blue porous-tip pen inks
faded the most, followed by some of the blue ball-point pen inks. Black inks from
both types of pens were the least affected by sunlight.

Why does color make a difference? Most dyes decompose when exposed to
UV and short-wavelength visible light. Sunlight affects red inks the most, black
inks the least, and blue inks somewl.ere in between. The effect of sunlight is less
for black and blue inks because most of these ink colors contain phthalocyanine
dyes, which are not light sensitive. In addition, some of these inks contain carbon
black. one of the most stable pigments known. Although some red inks do contain
pigment particles, they are still more sensitive to sunlight than black and blue
inks.

Tests of 15 pens revealed large differences in their resistance to various
solveiits. None of the ball-point pen inks were affected by water or hexane, some
bled slightly when treated with dilute hydrochloric acid or with acetone, and most
bled badly when treated with methyl alcohol. The behavior of the porous-tip pen
inks was similar to the ball-point pen inks.

How should you select a pen for writing permanent laboratory notes and
records? Probably the best course of action is to inquire of the pen manufacturers
whether or not their pens meet the performance standards set forth in Federal
Specification GG~-B-60D section 3.5 (5), or in the German Institute for Standards
DIN 16 554 part 2 (6). These two standards describe fading, bleaching, erasing,
and written performance tests for ball-point pens.

Unfortunately, writing instrument manufacturers do not make a point of
advertising the relative permanence and solvent resistance of their pens. Perhaps ar;
informed buying public will be able to nudge them in the direction of certifving
the performance of their products, especially when archival permanence is of
concern to the user.

One ink manufacturer has produced an archival quality ink for use in ball-
point pens but has had little success in sclling it, probably because archival
permanence of inks is of little concern to the general public. This ink is
commercially available in ball-point pens, which can be purchased in large or
small quantities from the supplier listed at the end of this chapter.

A ball-point pen with black ink is best fer all permanent scientific
notckeeping. Some rescarch companies that microfilm their employees’ notebooks
require that black ball-point pens be used. To minimize fading from sunlight
exposure, the notebook should be kept closed wher not in use. In addition, the
notebook should be placed a safe distance awav from work arcas where solvents
(especially alcohols) are used because one spill can render a page of data illegible,

The choice of fine or medium tip width is a matter of personal preference.
Many writers find that fine p.:int pens tend to produce more uniform lines with
fewer blobs than medium point pens. With some combinations of paner and ink,
gradual spreading or migration of ink within the capillary structure of the paper is
observed. This effect may be minimized by using a fine point pen.

() -
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A note on the shelf life of pens: Carbon black and other pigrients sometimes
coagulate or settle out of suspension during long-term storage even though the inks
in ball-point pens are in the form of pastes. This segregation of solvent and
pigment can lead to skipping, blobs, and other performance problems. Therefore,
it is a good idea to stock only the quantity of pens that will be used within a few
months, rather than to buy a supply to last for several vears,

Bound Notebooks

In case binding, the most common method of manufacturing the hard-cover
notebook, the pages are sewn and glued together; this method is in contrast to
mechanical binding, which holds the pages together with a springy plastic binding
or a thin wire. The latter type of book is familiar to students as the ubiguitous
spiral notebook. Case binding produces a book whose pages are strongly attached
and protected by a rigid, durable cover.

During manufacture, the pages for a case-bound book are gathered in folded
sets called signatures. The pages are then stitched through their folds and the
signatur=s are sewn together. This process is called Smyth sewing, and it allows
the book to be fully opened so that the pages can be laid flat.

Usually, the cover is stiff cardboard, called pasted board, covered with a
fabric or a thin, chemically treated paper. Woven cloth and leather coverings are
found infrequently: these covers have been replaced with synthetic, nonwoven
polymeric materials. The most popular style of cover for industrizl research
notebooks is pasted board covered with vinyl-like material and cut flush with the
pages. Custom notebooks produced for industrial research facilities usually have
their covers hot-stamped or imprinted with a unique serial number and ti:e name
of the research facility. Lower cost notebooks produced in large guantities for
students typically have just a plain paper label on the front cover; this label can be
filled in with the student’s rume and course number.

Notebooks bound with wire staples through the paper folds (called saddle
stitching) and notebooks with soft paper covers are also available; these types are
not recommended because they are less durable. Plastic-bound books, wire-spiral
books, and loose-leaf binders are not acceptable for writing permanent laboratory
notes because pages can be intentionally inseried, removed. or accidentally ripped
out.

Selection of the size, shape, and number of pages in the notebook should be
bused on the work at hand. Pocket-size notebooks containing 50 sheets measuring
5 X 8in. (127 X 203 mm) are especially useful for recording data when a £
observations are made repetitively over a long time, For example, cach page can ne
set up in a standard format and the data entered, one page for cach session. Then,
successive observations can be casily taken from the notebook for the interpreta-
tion phase of the study, A standard format for repetitive vork minimizes the
chance for transcription errors.
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For research projects lasting several months or years, a notebook containing
100 to 150 sheets measuring 8, X 11 in. (216 X 280 mm) is probably the most
convenicnt. This size provides plenty of room on each page for notes, calculations,
drawings, and discussion of results. It is not unusual for a scientist to fill several
notebooks of this size in a year,

Sometimes samples are inserted into the notebook such as swatches of fabric,
thin metal coupons, ana other flat samples. An accumulation of such objects can
soon lead to distortion and breaking of the notebook’s binding. Custom-made
notebooks can be produced that can accommodate such samples. Duiing the
binding process, cardboard sheets are inserted between some pages and kept in
place until the binding is complete. The cardboard inserts are then slipped out,
and extra room is left in the binding for the thickness of the expected samples.
Your notebook supplier should be asked for this special feature if you expect to
put samples into the notebook.

Page Formats

Stock notebooks are available with many styles of grids, lines, and type matter
printed at the top and bottom of each page. Custom notebock pages can be
produced with any imaginable format that will help the researcher or analyst work
more effectively. Supervisors and purchasing agerts should periodically seek the
advice of the scientists who will use the notebooks to be sure that the product
selected is the most suitable for the job to be done. The following features should
be kept in mind when choosing stock notebooks or when designing custom
notebooks.

The first page in the notebook should contain a short form for recording the
date that the notebook was issued, to whom it was issued, and for what purpose
(Figure 2.1). This page should also contain space to note when the book was
completed and returned for storage. Space should be available to note if this book
is a continuation of work recorded in a previous notebook.

The next page or two should contain printed instructions outlining the
orpanization’s rules for notckeeping (see Figures 4.1-4.3). Although the same
principles for good notekeeping apply to all companies, each organization has its
preferences for emphasizing particular aspects of notekeeping.

Following the page of instructions, the book should have several pages for a
table «f contents (Figure 2.2). This format is set up to include the date of entries,
subjects, and page numbers, How many lines should t - allocated for the table of
contents? A rule of thumb is to allow one entry for cach page in the body of the
notebook. If the table of contents is any longer, the user might just as well flip
through the pages to find the entry itself. The table of conrents should be a concise
list of the dates and pre jects recorded in the book. If this list is kept up-to-date, it
will be invaluable for rapidly finding the location of specific entries a few weeks
or even vears after they are written,

’3
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(Print clearly—use black ball point pen.)

This notebook no.

issued to

(print name)

(sighature)

(utte)
(¢departrnent)
on
(day) (month) (year)
to be kept in
(location)
Issued by
(print name)

{signalure)

{Upon completion, fillin the follovving)

No furtherentriesafter

{day) {month)

Received for storageon __

(day) {month)

(year)

“tyean
Receivedby _._. .. _.

{printname) (signature)

Related work continued in notebookno. __ __.._.._.

Figure 2.1 An example of an issuance page. which should be the first page in every
notebook. 1t can be handwritten if not typeset. Especially important are the spaces in
which to record any other notebooks that contain records of related work.

ro
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TABLE OF CONTENTS Notebook No. —— .
Date Subject Page No.
l
i
t
i
;
}
| I ]
| :
1 ,
j .
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Wi -
t
o } -
|
- —— 4‘1 — —
74
l
| -
1
| S
I
_ |

Figure 2.2 A typical blank table of contents page. Sce Figures 5.1-5.3 for methods of
modifving the table of contents to meet specific needs.
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After the table of contents are the pages used for actual notekeeping (Figure
2.3). Each page should be numbered at the upper outside corner. Printed headings
at the top of each page remind the writer to fill in essential information such as
the date, subject, or project number, and from what page the work is continued.
The bottom of the page contains spaces for author and witness signatures and a
place to note on what page the work is continued. The writing area can be ruled
in many ways, the mest popular being a square grid with fine lines spaced Y, in.
(6.3 mm) apart. This particular cross-ruling makes it easy to put data in neat
columns and rows and to make scale drawings and graphs. Other methods of
ruling the notebook pages are shown in Figure 2.4. Notebooks can be ordered
with combinations of these page formats. For example, one layout may consist of
simple horizontal ruling for writing text on right-hand pages and a grid for aid in
plotting data on left-hand pages.

Side margins are typically ruled 10 mm from the edges of the page and
writing must not continue beyond these margins if the notebook pages are to be
microfilmed for preservaticn, The lack of wide margins will also help to
discourage the writer from developing the bad habit of making marginal notes.

In a stock or custom-designed notebook, sufficient space must be available
after cach typeset heading. Let us look at the typeset material in more detail,
beginning at the top of the notebook page (Figure 2.3).

The date space should have room for the day, date, month, and year: Thu 2
Aug 1984. (When written this way, the date is unambiguous and quickly grasped.)

The subject description needs room for only four or five words. This
description should be precise and pertinent to the particular phase of the work
recorded on that page because this entry will often be scanned when searching for
old data. Space should be adequate for the entire project code number to be
written ecasily without unduly squeezing cach character. The writer should try
“filling in the blanks"™ several times on dummy pages to see if headings are laid
out well.

At the bottom of the page are places for the author's signature, the date, and
the signatures of witnesses. Two phrases are commonly used to precede the
witnesses' signatures depending upon the conditions of witnessing, The term
“This page read and understood by me" indicates just what it says. It is a good
idea to have this phrase on cach page although a witness may not actually read
and sign cach entry uniess the work is deemed of suitable importance. An
alternative wording might be “Pages _____ through __ read and
understood by me,” followed by space for the signature. The second phrase that
may be used by a witness is “This work observed by me,” or “Demonstrated to
me,” followed by space for the date and signature. This affirmation is used only
when the witness actually observes an experiment, measurement, or other
demonstration. Room should be available for the signatures of two witnesses, The
subject »f witnessing is discussed in detail from a legal standpoint in Chapter 7.
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Notebook No.
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Continued on page no.
Recorded by Date Read and Understood by Date

Related work on pagi's:

Figure 2.3 An example of a blank notekeeping page. The narrow margins disconrage

marginal notes and provide space for clips to hold the pages during microfilming. The

typeset words prompt the notekeeper to fill in essential information. See Chapter 6 for
examples of complete notebook entries.
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Vs " square grid horizontal rule
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non-repragraphic ink columnarrule

Sterility Testing of Production Lots

PRODUCT:
Date Received:
Date Tested:

Microorganism

Bacillus subtilis
Candida albicans
Clostridium sporogenes __ _______

extra fine grid special purpose

Figure 2.4 Patterns of grids and lines commonly used on notekeeping pages. Many
laboratories design pages for recording specific test results, as shown in the bottom right
example.




The Hardware of Notekeeping 23

Student Notebooks

Typic:l “composition notebooks’ sold for student use contain horizontally ruled
pages with no instructions or printed matter. They usually consist of a poor grade
of paper and thin covers and are cheaper than the more professional type of
rotebook; 1984 prices are approximately $2 for the 100-sheet student *‘comp
book” and $10 for the “professional” lab notebook. These cheaper notebooks
may be fine for compesitions, but they are not suitable for laboratory
recordkeeping. Students of science, especially science majors, should get into the
habit ¢ keeying notes in a professional manner and using professional tools. The
small difference in cost cannot justify using the cheaper substitute.

Notcbooks with perforated, removable duplicate pages and carbon paper
‘nserts are available and are especially recommended for studerits in laboratory
classes and for young students undertaking their first research projects. The
duplicate page feature s excellent for two reasons. First, the students are
instructed to complete portions of the notebook during class and to hand in the
duplicate pages before leaving the lab. This approach ensures that students learn to
write down experimental procecures and obseivations as the work takes place.
None should use the excuse, ©“I have to take the notebook home to write it over
neatly.” Second, the instructor will have a copy of the student’s work that can be
stored in a safe place in case the notebook is accidentally damaged or lost, To
insist that duplicate notebook pages are handed in periodically is, in the long run,
a courtesy and a help to the student, especially in high school and undergraduate
research programs. Because the student investigator is inexperienced, the danger of
losing or accidentally destroying notes is very real indced. A small disadvantage of
this type of notebook is that the original sheets must be rather thin (16-1b
substance) to get a clear copy on the duplicate page. This lighter weight paper can
be torn more ecasily than average notebook paper of 24- or 28-lb substance.
Another disadvantage is that notes can only be written on one side of each page.

If the only notebooks available have blank ruled pages with no type matter,
then the writer must adopt a consistent method of placing the page number, date,
subject identification, and signatures. Getting into this habit will minimize the
chance of forgetting to include these data at a critical juncture.

Photocopies

Nearly everyone in a research facility makes and uses photocopied documents.
Plain paper photocopying is a cheap and fast method of reproducing memos,
proposals, and reports. Articles published in technical journals are often
photocopied so that they can be studied in detail, annotated, and dissected by
investigators. Taping or pasting such photocopied material into the lab notebook
for reference is common practice,

Photocopying is also used to preszrve documents thar are on unstable papers.
An example of such use is related i the story of the American archacologist who

ry N
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set out for several months of field exploration in southern Asia, He took with him
several cases of high quality notepaper and notebooks. To his grear disappoint-
ment, the paper was lost while on route and he was forced to buy locally available
paper at the excavation site. Upon returning to his university in the United States,
he had all the expedition’s handwritten documents photocopied onto high-quality
paper for long-term storage. Was this a wise decision? What is known about the
permanence of photocopies?

The toner, which forms the finished image on plain paper photocopies, is a
fine powder composed of carbon black in a thermoplastic carrier, usually an
acrylate. The image is formed by electrostatic attraction of the toner onto the
surface of a rotating drum. The toner is transferred to the surface of the paper, the
paper is pressed against the hot rollers, the resin is melted, and the image is secured
on the paper.

Because the toners contain carbon black, they are lightfast (i.e., stable toward
fading in sunlight). The freshly formed image has abrasion resistance that is
almost as good as ball-point pen inks. However, toner manufactlirers have been
unwilling to say that photocopies will have archival permanence, principally
because the plastic carrier is susceptible to several means of attack. Plasticizers that
are incorporated into some carriers can be expected to leach our of the image
during long-term storage and perhaps embrittle the image and weaken the bond
with the paper. The carriers can be attacked by several organic solvents, especially
benzene, toluene, and acetone, but they have good resistance to water and
alcohols.

Photocopies stored pressed against a sheet of plastic or synthetic fabric
transfer their image to the fabric. Photocopies should only be stored between
sheets of paper or other materials that do not contain plasticizers or leachable
organic compounds.

To summarize, photocopies arc relatively permanent if stored under the
generally accepted archival conditions discussed in Chapter 4. Care should be
taken if photocopies arc to be attach:d to notcbook pages: mending rape or
adhesives must not be in direct contact with the printed image. Photocopving is a
good method of preserving original docun ents that are known or suspected to be
unstable, if the photocopies are made onto high quality paper.

Mending Tape and Glue

Often items are attached in the notebook such as photographs, stripcharts or
printed sheets from analytical instruments, or even notes written on scraps of
paper. For this purpose, mending tapr or glue must be permanent, nonstaining,
and nonreactive with the paper. Archivists and docurient conservators recommend
starch paste because it meets the last two criteria. However, this paste is
unsuitable for permanent research records because it can be dissolved and removed,
an important consideration for the conservator but antithetical to the scientist’s
need for permanence. Starch paste inust be cooked with water just before use, a
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messy and inconvenient process for the working scientist. The best alternative is to
use a high-quality white glue that is an internally plasticized polyvinyl acetate
emulsion. These products are permanent and acid free; they will not shorten the
life of the paper, although they do tend to soak into paper fibers and cockle the
paper. They are best suited for attaching relatively thick, nonporous items such as
photographs to notebook pages. Use the paste sparingly and press the material flat
while drying. Do not use rubber cement or epoxy adhesives on paper.

For attaching pieces of paper to the notebook pages, the best material is an
archival quality mending tape manufactured in Great Britain and available
through representatives in this country. (See the list at the end of this chapter.) It
consists of a butylacrylate adhesive on an acid-free, long-fiber tissue paper
backing. This tape is thin, nonstaining, nonycilowing, and close to neutral pH. In
accelerated aging tests, it did not become brittle or react with the paper. For the
best performance even with this tape, the tape must not be placed directly over
handwritten or printed inks. Even this high-quality tape, as well as the adhesive
previously discussed. can be dissolved with some organic solvents, The notebook
must be protected from spills.

The common drug store variety of transparent mending tape is an inferior
substitute for archival quality tape for two reasons. First, the adhesive can react
with some inks and cause them to spread and fade. Second, the tape itself is not
permanent and will eventually discolor, turn brittle, and release its hold on the
document that it was intended to secure. The major American manufacturer of
anis type of tape disclaims archival permanence and will not speaify how long the
tape should be expected to do its job. The manufacturer will say that it should
last longer than cellophane-backed transparent tapes, which were popular in the
middle of this century and which generally lasted for only 10 years.

Summary

® Paper—Permanent paper for scientific notekeeping should contain 100%
chemically purified wood pulp, have a minimum pH of 5.5, and contain no
ground wood or lignin and no alum-rosin sizing. Durability is increased with long,
strong wood fibers or cotton rag fibers. Additional permanence is achieved if
approximately 3% calcium carbonate is present as an alkaline reserve.

® Ink—A black ball-point pen with a fine point is best. Some inks are more
light-sensirive than others: all writing should be protected from sunlight exposure.
Avoid colors, especially red, which is the most light-sensitive. Avoid porous, felt-
tip pens; plastic-ball, roller +ip pens; and fountain pens.

® Notebooks—Case-bound, hard-cover notebooks with pages of permanent-
durable paper are the best and the most expensive. Spiral-bound notebooks are not
acceptable, and student composition books are an inferior substitute, Pages should
be imprinted with page numbers and headings for vital information including
subject, date, and author and witness signatures. Books containing 100 8, X 11
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in. sheets are generally the most useful, although other sizes are available. Books
with duplicate pages are a must for teaching. Fit the notebook to the job.

® Photocopies—Unstable documents can be photocopied onto high quality
paper for prescrvation. Dry toner photocopies should be placed between sheets of
high-qualit,” paper to avoid loss of the image by transference. The image must not
be in contact with plastic sheets, synthetic fabrics, or mending tape.

® Tape and Glue—High-quality, acid-free white glue is the only type of glue
recommended for attaching nonporow: objects such as photographs to notebook
pages. Use sparingly and press flat while drying to avoid cockling the paper. Do
not use rubber cement or epoxy adhesives. Archival quality mending rape is best
for attaching picces of paper to notebook pages. Drug store variety transparent
mending tape is an inferior substitute for archival quality tape.

Appendix 1. Manufacturers of Bound Laboratory Motebooks

The following two companies produce a wide variety of stationery supplies,
including bound notebooks suitable for laboratory records. They sell large volumes
in standard formats for mass markets such as universities, In addition, they
manufacture custom notebooks designed to individual specifications.

Boorum and Pease Dennison National Company

801 Newark Avenue (formerly National Blank Book Co.)
Elizabeth, NJ 07208 P. O. Box 791

(201) 352-8800 Holvoke, MA 01041

(413) 539-9811

The following companies specialize in manufacturing bound notebooks for
laboratory work. They supply many of the large industrial rescarch facilities in
this country and will accept small as well as large order:

Scientific Bindery Productions Scientific Notebook Company
732 South Sherman Street P. O. Box 238

Chicago, IL 60605 Stevensville, M1 49127

(312) 939-3449 (616) 429-8285

Laboratory Notebook Company Cossart-Frederick Jones Co.

P. O. Box 188 Division of Industrial Loose-Leaf
Holyoke, MA 01041-0188 Corporation

(413) §32-6287 31st & Jetferson St.

Philadelphia, PA 19121

Fureka Blank Book Company (215) 684-1000

P. O. Box 150
Holvoke, MA 01041-0150
(413) 534-5671

In the summer of 1984, Texwipe Company announced a line of products
made of nonparticulating writing materials, including lab notebooks, especially
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designed to be used in dust-free clean room environments. The address is P. O.
Box 575, 650 E. Crescent Avenue, Upper Saddle River, NJ 07458, (201) 327-
9100.

Appendix 2. Mending Tape and Glue

Archival quality mending tape is manufactured by Ademco Ltd., Coronation
Road, Cressex Esrate, High Wycomee, Buckinghamshire, England. It is available
in the United States from Conservation Materials Ltd., 240 Freeport Blvd.,
Sparks, NV 89431; Talas, 213 W. 35th Street, New York, NY 10011; and
University Products, P.O. Box 101, Holyoke, MA 01041,

Acid-free white glue sold under the trade name Jade is manufactured by
Aabbitt Adhesives, Inc., 2403 Oakley Avenue, Chicago, IL 60647. The minimum
order is 1 gallon for approximatcly $25. Smaller quantitics are available
throughout the country from conservation supply dealers such as Talas,
Conservation Materials Ltd., and University Products.

Apoendix 3. Pens and Inks

The nation’s largest producer of ball-poins pen inks also makes custom inks to
order: Formulabs, P. O. Box 1056, Escondido, CA 92025. They formulated the
Archival 101 ink, which is available in stock ball-point pens from Hub Pen
Company, 26 Quincy Avenue, Braintree, MA 02184,

A permanent, black stamp-pad ink called Manuscript Marking Ink has been
developed by the Library of Congress and the U.S. Government Printing Office
(Formula No. 7837). Small quantities of the ink are available without charge
from the Library of Congress Preservation Office. The ink is typically used to
mark documents with ownership stamps and accession dates, The ink is claimed
to have resisted 300 years of simulated sunlight and is inert to all known bleaching
agents, The formulation is secret,

Appendix 4. Paper Testing Equipment

A spot-test kit for alum, lignin, and starch in paper is available for $25 from
Applied Science Labs, Inc., 2216 Hull Street, Richmond, VA 23224

A quick estimate of the acidity of paper can be made with the “pH Testing,
Pen” available from Light Impressions Corp., Box 3012, Rochester, NY 14614
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Legal and Ethical Aspects

Ouwnership, Rights, and Obligations

mplovees have well-established legal obligations  concerning writings

created by them that relate to their employer’s business. The professional

scientist also has rights regarding personal professional development and
the ability to seek and to hold employment. The subject of this chapter is how
these rights and obligations relate to notekeeping by scientists and technicians.
Some of these rights and obfigations have a lepal basis, but much of a scientist’s
artitude about the thoroughness and care of recordkeeping has an cthical and
professional basis.

In industrial situations, the employer owns the physical book and its
contents: in universitics the situation is less clear, and for that reason a brief
discussion of notebook ownership is presented.

None of the information presented in this chapter should be construed as
legal advice, but rather as a discussion of issues about which both employers and
emplovees should be knowledgeable. A licensed attorney should be consulted for
legal advice in any specific situation.

Employment Agreements

Both employers and employees stand to gain from good communication, and cach
should have a clear understanding of the other’s position and estpeetations at the
time of hiring. Most professional employees engaged in technical research and
development, as well as technically oriented employees in other lines of work (c...
production or market development), can be expected to have to sign employment
agreements. Nonprofessional staff often do not sign employmeat agreements. The
difference is based on the understanding that the professional employee works for
the company 24 hours a day, 365 days a year and is being compensated
accordingly. Any imvention, development, or idea relevant to the business of the
company belongs to the company, and the company has the right to select its line
0906585 10029 $06.00 ']
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of business. The written employment agreement strengthens the company’s
position by calling the new employee’s attention to this situation. Professional
workers who do not sign explicit employment agreements are, in most if not all
cases. bound by state laws on ownership of intellectual property such as patents
and trade secrets. Most universities, on the other hand, encourage students and
teachers to take with them the fruits of their labors and all of the knowledge
gained while at the school.

The ACS Committee on Professional Relations has published a handbook
entitled “Employment Agreements,” which clearly and succinctly states the scope
and purpose of such documents:

. - [the employment agreement] is usually a brief (several paragraphs to

several pages) legal document which describes what you will do for the

company in return for your employment. Regardless of the length, it will
generally consist of the following parts: (1) an agrecment to assign patent
rights, (2) a statement relating to safeguarding of trade secrets and other
confidential information, and (3) a statement relating to the return of
proprietary documents upon termination of employment,
The agreement is customarily signed by the new emplovee (and witnessed) on or
before the employee's first day of work. (Refer to the ACS handbook for a detailed
discussion of this material.)

Specific examples of employment agreement clauses that relate to recordkeep-

ing are presented in the following sections.

Ownership

The notebook is the physical property of the employer in almost all instances and
usually contains trade sccrets or proprictary information in addition to general
knowledge. Writings of professional full-time employees relating to the business of
the company, which constitute most if not all of the notebook’s contents, are the
property of thc company. The following are two examples of clauses from
employment agreements, taken from the ACS handbook, that state this point:

I acknowledge that all originals and copies of drawings, blueprints.
manuals, reports, notebooks, noves, photographs and any other recorded,
written or printed matter relating to research, manufacturing operations
or business of [the company] made or received by me during my
employment are the property of [the company). . . .

All memoranda, notes, records, reports, photographs, drawings,
plans, papers, or other documents made or compiled by or made available
to EMPLOYEE during the course of employment with [the company],
and any copies or abstracts thereef, whether or not they contain
Confidential Information, are and shall be the property of [the company].
Most industrial companies have strict rules regarding the distribution and

handling of notebooks and other records (see Chapter 4). At the other extreme,
universities rarely have nolicies about the ownership or handling of notebooks. A
survey of physical science departments at a cross-section of American universitics
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was conducted in the preparation of this book. This survey indicated that it is a
gencerally accepted policy for a student to take a copy of research notes written by
the student while working under a professor’s supervision. Professors often stated
that they preferred to keep at least a copy, if not the original of the student’s
noteboaks. Many professors stated that they could not possibly store all of the
data generated by their students during the several years that the students spend
pursuing an advanced degree.

Most large physical science departments allow each professor or individual
rescarch group to establish policy in this field. The universities have two concerns:
First. they want professors to pursue rescarch in the individual's chosen ficld with
minimal restrictions. Second, most university departments do not want to get
involved in administering centralized recordkeeping facilities. Therefore, professors
may want to keep only the notebooks and thesis, but not other items such as the
raw instrumental output, charts or graphs, and computer calculations. Of course,
this attitude depends upon the type of rescarch. In some disciplines (e.g.,
astronomy. geology, and archaelogy), raw data may yield useful results upon
reexamination many years after the initial observations were made.

Students and professors should have a clear understanding. at the beginning of
the project about who is entitled to the original and copies of notes and data. If
the work is industrially sponsored and may be classified as proprictary for some
length of time, the student should be informed of this intention at the outset.

Some universities, following the example of industry, now require professors
to sign employment agreements. In contrast to industrial agreements, these
academic agreements usually provide for sharing between the individual and the
university of income derived from the professor’s inventions. As a result of long-
term practice by universities, works of avthorship, such as technical papers and
bocks, are usually considered the property of the writer. This attitude may chaage
as universities profit increasingly from high-technological inventions made by
professors and students.

Employee’s Obligations

in a recent survey of 81 companies, all of the employment agreements exphicitly
obligated the employee to disclose inventions that relate to the company’s business
and to help the company obtain patents. However, only 30% of the agreements
explicitly mentioned the employee’s recordkeeping duties. Two examples of such
clauses are as follows:

I will maincain aceurate and complete written records and promptly,
without request, disclose to [the company] all such inventions and
discoveries made by me alone or jointly with others.

I agree. .. To make and maintain adequate and current written
records of all such inventions, discoveries and improvements, in the form
of notes. sketches. drawings. or reports relating therero, which records
ohall be and remain the property of and available to the company at all
times.
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Provisions of this type are included in employment agreements to ensure that
docuinentation is available to support the company’s patent claims, With millions
of dollars often at stake in such proccedings, these provisions can raise some
interesting questions: If the company loses a court battle because of poor
recordkeeping by an employee, can the employee be disciplined or dismissed for
failing to live up to the terms of the employment agreement? What constitutes
adequate (good) versus inadequate (poor) recordkeeping? How does an emplover
know whether or not the employee is making a good faith effort to live up to the
employment agreement provision?

Laboratory managers could spend some time thinking about how they would
answer these questions. The answers, however, would only provide remedial action
and might not repair some scrious damage done to the company. Approaching the
problem from another direction, the employer’s time might be better spent by
ensuring that new employees clearly understand what is expected of them in regard
to recordkeeping duties. Toward this end, perhaps many more companies could
have clauses similar to the two previously discussed, which explicitly state the
employee’s recordkeeping obligations. '

Some workers think that they can preserve the security of their jobs by
keeping certain essential information in their heads. They want to become
indispensable to the company. For example, an employee might develop or
improve a laboratory technique without ever writing the details into a notebook.
The employee then thinks of herself or himself as indispensable, the only worker
who can use the technique, and expects to be seen by the boss in the same light.
Such an attitude is a disservice to both the employee and the emplover and is a
possible violation of explicit provisions in the emplovment agreement.

Supervisors and managers want to be sure that their operation does not
become dependent upon any one person. In the event thar the individual leaves the
organization, or simply misses work because of an extended illness, other workers
must be able to find out about the methods used by the individual and what had
been accomplished up to the time the individual lefe.

From the employee’s standpoint, the disservice done by not writing down
certain notes is more subtle, and likely fateful for the employee’s future. If the
employee is truly indispensable, management will be unable to promote or transfer
the employee unless the job knowledge can be passed on to someone clse. Said
simply, the wise employee knows how to be valuable without being indispensable.

Should some things not be written into the notebook? Up to this point, |
have stressed the need to write down everything: Better to write all the details than
to leave out a point that might someday be important. Should litigation occur, the
chips will fall where they may. Another school of thought, held by some lawyers,
states that information that might be found during the legal process called
discovery and therefore useful to opposing parties in a legal action should not be
committed to writing, If certain notes are not kept, such as the cxact
circumstances surrounding the conception of an invention, counsel can construct
its case in the most favorable light. This view cannot be held by the average
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working scientist tor the following simple reason: The good scientist does not
trust to memory that which has been done, either in the lab or in the scientist’s
head. If a scientist is to be called to testify, the scientist must be able to look at
notes to refresh memory and to state the facts precisely as they were observed.
Another reason for writing everything into the notebook is that scientists and
supervisors do not kow at the time of discovery whether an invention will be
patented or practiced as a trade secret, 1f the invention is patented, documentation
is essential to prove the date of conception and as a record of reduction to
practice. If practiced as a trade secret, the only valid reason for not writing down
the work would be to protect against espionage. Strict control of documents and
reminding employces of their obligations are better alternatives. After all, the
details of the secret might be lost or forgotten if not recorded. The unexpected
departure of an employee, for a varicty of reasons, is not uncommon. Therefore,
employees should be educated and reminded about the importance of writing notes
immediately after the discovery, invention, or observation has taken place.

Employer’s Obligations

Besides paying a salary as compensation for the employee’s work, are employers
obligated legally in other arcas related to notekeeping? Generally speaking,
companies cannot unreasonably restrict the employee from taking general
knowledge gained on the job to a new job. However, courts have upheld the
employer’s right to restrict the employee for a limited period of time—often 2-3
vears—from going to work for a direct competitor. This restriction is based on the
likelihood that the employee could not help but use at least some of the
proprictary information gained at the previous emplover’s expense. The courts
have generally required that the former employer pay the former employee’s salary
for that period. Also, where possible, the courts have allowed the employee to
work for the competitor but have confine . the employee to working in different
arcas of technology for the 2- to 3-year period (or whatever time period) of
restriction.

The scientist’s choice of career and job mobility is obviously complicated by
these considerations. Companies therefore have the obligation to clearly inform
employees about the emplovee’s obligations as the company sees them. Even if the
employment agreement spells out such obligations, the employee’s supervisor
should periodically review the situation to avoid misunderstanding.

The employer’s obligation in terms of notckeeping is this: If z2d when the
employee leaves, the employer is obligated to allow the employee to use general
information acquired on the job. The employer is not obligated to let the
employee take any physical property such as copies of journal articles,
correspondence, or notebook pages. It is not unusual, but not necessarily typical,
for an employee to leave a job empty-handed except for personal possessions.

Disagreement can arise concerning whether some particular portion of the
notehook falls into the category of general knowledge or proprictary knowledge.
Legal action to resolve the question is probably bevond the means of the employee.

40
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Therefore, some amount of trust and mutual respect must be present in the
employer-employee relationship. The employee should understand the company’s
position about removing information from the company’s premises.

One cthical obligation of the company is to cnsure that the emplovee is
allowed to work in an atmosphere conducive to professional development and
demecanor. Employees should be encouraged to keep good notes for the sake of
their own professional development as well as for the good of the company.
Projects shou!d be planned so that employees can give care and thought to their
work without constantly rushing to complete assignments. Time shouid be
provided for the employces to peruse notes and to cvaluate the direction of the
work. They should not miss the forest for the trees.

Notekeeping is one of those general skills that is useful in almost any
scientific career. It is surely a transportable skill and emplovees should continue to
improve upon good notckeeping habits throughout their careers. Encouragement
and constructive critical review of the employee’s writing is another obligation of
management.

Summary

The employce should

® Be aware of and live up to the explicit provisions of the employment
agreement. Keep notes current and complete,

® Ask management permission before copying or removing any document
from company premises, if there is the slightest possibility that the document
contains proprictary information. Many companies have strict policies that forbid
copying notebook pages without permission.

® Develop and improve notekeeping habits as a valuable personal skill.

® Approach notekeeping as a serious, integral part of the job, not a chore
done in addition to the real work. Realize that much time, effort, and money can
rest on the quality of recordkeeping and do as competent and professional a job as
possible. Sec that the employer understands your needs for sufficient time to do an
adequate job.
The employer should

® Clearly educate employees regarding recordkeeping responsibilitices.
Periodically review provisions in the emplovment agreement or other company
policies relevant to this responsibility.

® Establish an atmosphere that encourages the thoughtful, professional
attitude of employees. Do not exnect everything to be done on a rush basis. Allow
time for planning and reviewing work. Include time for notewriting when
planning project schedules.

® Provide constructive criticism 15 improve the employee’s writing skills.
Encourage personal development of good notekeeping habits.

® When the employee leaves, have a clear understanding about what
material, if anv, the emplovee is permitted to take.

14 li



Management of Notekeeping

Practices for Issuance, Use, and Storage of
Notebooks

o state that fame and fortune have been won or lost depending on the

quality of scientific notekeeping is not an exaggeration. Remember the

stories of LeMonnier and Gould from Chapter 12 Employers can adopt
specific practices to increase the chances that their employees will keep complete
and proper notes. No system is foolproof, but paying attention to certain
principles can help ro safeguard critical data and decrease costs. The most
important principle is simply to provide clear, thorough instructions to new
emplovees and (o periodically reinforce these instructions,

In industrial settings, notcbook contents are usually considered proprictary,
and the worker has a responsibility to protect their secrecy. In academic and
government laboratories, the information in the notebook will often end up in the
public domain. In either situation, physical protection of the notebook is an
important and often overlooked principle.

To determine the current practices of managing notebooks, a survey was
conducted among some of the major research institutions in this country. Several
universities, four major government laboratories, and a dozen industrial
laboratories cooperated in the study. Most of the responding industrial
organizations requested anonymity; theretore, responses are discussed without
specific reference to their sources.

Phone cottacts were usually made first, followed by correspondence and,
occasionally, personal visits to the facilities. The people supplying the information
were usually members of the legal staff, who reported official organization policy
as they saw it. Direct contacts with researchers then revealed that these policies
were indeed being followed to a high degree in nearly all of the organizations.

0906-5 ‘85700357 $06.00 1
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Three questions were asked of cach organization:
1. What instructions are given to employees upon hiring regarding the
maintenance of research notebooks?

2. How is the distribution, collection, and control of notebooks

handled?

3. Are notevooks reviewed on a regular basis as part of an employee’s
performance review?

In this chapter, the responses to these questions are discussed along with
recommendations for handling notebooks. Good management practices that can
serve as deterrents to dishonesty are described.

Instructions to Newly Hired Industrial Researchers

In industry, the amount of time spent by cach organization instructing new
employees on notekeeping habits varies from no formal instruction in some
companies to lengthy orientation sessions conducted by others. These sessions are
often led by corporate legal staff members and include an overview of the
company’s policies and philosophy toward inventions and discoveries, the basis of
the company’'s success. Then, during the first week on the job, emplovees receive
additional specific instruction on record keeping from the immediate supervisor.
Many companies provide supervisors with detailed checklists of the subjects to be
covered with cach new employee. Some companices provide only general guidelines
and leave the details to the discretion of the SUPCIVISOrs.

Interestingly, most companies provide these instruction sessions for profes-
sional emplovees and not for the technical support staff. At least one major
company has the policy that only professional staff members can be issued serially
numbered notebooks. Only in special circumstances when a need is demonstrated
can a rechnician be issued a notebook. The point of such a policy is to ensure that
only those workers who have been properly instructed about the legal ramifica-
tions of notekeeping should make notebook entries. Mach of the value of the
recorded information can be lost if notes are rite with speculation, incomplete
entries, or improper witnessing. Such a policy is sensible for those companics
whosc incomes are based largely on patents, but it is of questionable value in other
industrial situations.

Nearly all of the interviewed companies use custom printed notebooks that
include one or two pages of explicit instructions for notckeeping. Several examples
of such instructions are shown in Figures 4.1-4. 3. During orientation sessions,
instructors emphasize the following points:

® Notebooks are the physical property of the company and their contents are
to be kept confidential. The worker who signs for and receives a notebook must
safeguard it and see that it is returned for cataloging, and storage after completion.

® Entries must be permanent, clear, complete, and made as soon as possible
after the event (i.e., the experiment, observation, invention, or coaversation) takes

16
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LABORATORY NOTEBOOK
INSTRUCTIONS

This Laboratory Notebook is the property
of [The Company]. It is assigned to you so
that you may keep a complete, careful,
chronological record of your work. The
work which you do and the data which
you enter in this book are confidential:
they must not be disclosed to unautho-
rized persons. The Notebook must not be
removed from the laboratory premises. Its
preservation and maintenance are your
responsibility; in case of damage, loss or
disappearance, report the facts to your
section manager at once.

The purpose of each entry in your Labo-
ratory Notebook is to provide a complete
record of your work, one that would
enable one of your coworkers to repeat, if
necessary, exactly what you did and secure
exactly the same results, without having to
ask any questions of anyone. You will find
these specific instructions helpful in pre-
paring entries which will meet this require-
ment.

1. Plan your experiment carefully, and
plan the presentation which will best
record the data you expect to secure.
Since the dupricate page will be
extracted from the Notebook and att-
ached to the appropriate progress
report for filing in the project file, data
on each page must be limited to one
specific project.

2. After Title and Project number, date
and the objective have been filied in,
your entry should record (1) the pur-
pose of the experiment: (2) the mate-
rials used and their quantities; (3) the
apparatus; (4) the procedure and
manipulation (times, temperatures,
pressures, pH’s, and the like); and (5)
the results, Where procedure or appa-
ratus is standard, it is sufficient to
describe it by reference; for example,
ASTN. D236-54T, or by reference to an
earlier notebook page where it was
fully described.

3. All data is to be recorded directly into
the Notebook. Recording of original
data on loose pieces of paper for later
transcription into the Notebook is to
be avoided. Should use of loose paper
be necessary for proper conduct of an
experiment, the loose paper should be

.00k No. Assigned to

signed and dated, and cemented into
the Notebook. The data must be trans-
cribed into the Notehook on the same
day it was taken, and the Notebook
entry should refer to and identify the
loose pager which has been cemented
into the book.

4. All entries must be made in ink. Era-
sures are not permitted. If a mistake is
made, draw a line through the errone-
ous material ard make a corrected
entry immediatcly following.

5. Every entry must be dated, and signed
at the foot and at the end of each day.
In no event may the entries be signed
less frequently J\an each page.

6. If, for clarity of presentation, it is
desired to start the new entry on a
new page when the previous page has
not been entirely filled, draw a diago-
nal line across t%e unused portion of
the page.

7. Pages must be used consecutively.
Leaving a page or pages blank for later
use is absolutely forbidden. Entries
must be presented in chronological
sequence.

8. If one of your coworkers (not a codis-
coverer of the subject matter) has
witnessed an experiment you have
conducted, to an extent that enables
him to state of his own knowledge
what you did and what results you
secured, have him sign and date the
Notebook record of the experiment
under the legend “Witnessed and
understood by”. If the experiment
seems to you to be of sufficient impor-
tance, arrange to have it witnessed.

9. Pages are provided in the front of this
book for an index to the subject mat-
ter covered. The index pages should
be completed as the work progresses
to afford ready access to the data
recorded.

10. Avoid stating conclusions, particularly
of failure or abandonment. Let the
results speak for themselves.

11. When this book is filled, or upon
termination of your employment, it
must b turned in to your section
rnanager.

Date _

Returned to Section Mgr.—Date ______

Figure 4.1 Instruction page from an industrial laboratory notebook.
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Problem No. ... .. .
Pages . ... .. MO
Date Started .

Assignedto ... . ...

Date Finished . ... ...

INSTRUCTIONS

General:

This book is the property of [The Company].
Until it is returned to the Research Files its care
and maintenance are the responsibility of the
last person to whom it is assigned or charged.
The contents will be microfilmed for perman-
ent storage in the Research Files.

All entries should be in ink and dated, signed
and witnessed in such a manner as to avoid any
doubt as to when or by whom the entry was
made. No erasures or eradications may be
made. Make any necessary cancellations only
by drawing a single inked line through the
cancelled matter. Place the date and your
initials at the end of the cancellation.

All notes and observations are to be entered
directly herein, including tabulated data. calcu-
lations, drawings and graphical plots. When it is
necessary to make records on separate sheets,
these sheets are to be signed, dated and taped
into this book. Predictions, comments, and
interpretations of the observations may be
important and should be entered. All such
addenda must be attached to a blank notebook
page to facilitate microfilming. Writing should
be large and legible. The ink used must be blue
or black and of such quality that it will not
strike through to the reverse side of the page.

The first four pages are to be reserved for a
chronological table of contents, which should
be kept up to date while the book is still in use.
The last few pages may be used for an alpha-
betical index.

It is necessary to fill each page and keep the
sequence of entries in chronological order.
Several pages may be reserved for a particular
experiment, however. If the continuity of pages
for a particular experiment is broken for lack of
reserved space, notations should be made on
both sides of the break. The unused balance of
a page should be cancelled by a diagonal,
inked line.

Each preparation, run. etc., should be
entered on a new page and indexed. Such
experiments shall be referred to by Problem
and Page Number, Samples, material and equip-
ment which are referred to should also be
designated by Problem and Page Number,
Pigment Code Number, or Plant Number
where this will facilitate subsequent identifica-
tion or reference. In general, where such items
receive numbers in passing through our Manu-
facturing or Receiving Departments, those
numbers should be retained through subse-
quent operations.

Records should be kept so as to permit the
ready location of data and reference thereto,
and must be intelligible to anyone who mav be
concerned with them later.

Ideas and Inventions:

Immediately upon conception of a new idea,
record the idea on an Invention Record sheet
with copies to Patent Law Department (2),
Department File, co-inventor, and yourself.
Send all copies to Patent Attorney’s office for
recording and numbering. Mere recording of
the idea is not sufficient to establish inventor-
ship and should be fcllowed at the earliest
opportunity by Reduction-to-Practice experi-
ments performed in the actual presence of at
least one technical witness who knows exactly
what you are doing. The actual work outlined
in steps 1 through 5 below, as well as written
records of the same should be witnessed and
dates recorded for each step.

Reduction-to-Practice Experiments:

Definition

A. One intended to give the first complete
workable example.

B. The first experiment or series of experi-
ments {in addition to that under A) intended
to extend the idea beyond its original scope.

Procedure

1. Characterize all starting materials (old and
new)

a) By Source. Lot Number, date ordered
and received.

b) By Constants such as m.p., b.p., n¥p.
etc , plus characteristics such as color,
odor. crystalline form, etc.

c) By simple qualitative chemical tests or
preparation of a derivative with a sharp
m.p.

2. Actual Experimental Run(s)

a) One Run or a series of runs on a test-
tube or larger scale.

b) Observe and record results in detail.

3. Characterize products fully.

4. Preserve a small sample (1 oz. bottle) for
possible outside testing.

5. If the experiment provides the first worka-
ble example, fill out another invention
record immediately and send all copies to
the Patent Attorney’s office. An In.ention

Record at this stage is known as a Disclosure
Sheet,

Figure 4.2 Instruction page from i
i

gn ndustrial laboratory notebook.
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This Notebook Is Your Laboratory Diary

This notebook is the property of [The
Company] and will contain confidential
material. It should be treated as such and
must not be taken from the Laboratory
premises except in those cases where field
work makes this necessary. This notebook
is specifically - signed to you on a charge
from the Lik.ary. It is your responsibility
while it is in your hands. Upon being filled
it must be returned to the Library. If
needed again it should be obtained on a
loan basis.

Original entries systematically and prop-
erly made in the usual course of your
work are the best record of your accomp-
lishments. This Notebook may be the
deciding factor in litigation involving a
question of inventorship. It may also be
the only complete source of information
for future experiments, or for the prepara-
tion of reports you may be required to
write. THEREFORE:

1. As part of your daily routine enter
cleariy and concisely in this notebook
all your experimental data, plans for
experimerits, analysis of results, calcu-
lations, observations or ideas. These
data shall be placed in the notebook
immediately and directly. Do not use
loose leaf books or loose pieces of
paper for this purpose. Make all
entries in ink.

2. FEach page and entry must show the
date on which the entry is made and
the signature (or initials) of the worker
making the entry. The nature of the
problem and the number of the pro-
ject s"would also be indicated.

TO MAKE THIS BOOK MOST USEFUL
YOU SHOULD:

(A} Plan the presentation before writing so
it can be easily read and understood.

(B) State clearly and completely the proce-
dure followed, giving all conditions of
the experiment (temperatures, pres-
sures, time required, etc.) and appara-
tus used (include sketches if neces-
sary). This notebook should provide
sufficient data to enable any of your

Book No.

associates to duplicate the procedure
and results.

(C) Give all results and observations includ-
ing references to literature, analytical
data, and pertinent calculations. Data
may be presented in tabular form and
in graphs to great advantage. Cross
sectional ruling is provided for your
convenience in aligning tables and
making graphs and sketches.

(D) Make all entries in ink. Always be neat
and legible. Do not make erasures.
Cross out by straight lines any material
to be deleted.

(E) Make all entries consecutively, leaving
no blank pages.

(F) When a page or a day’s entry is com-
pleted, sign your name at lower left. If
blank space is left on the page, draw a
diagonal line to show its extent at the
time of signing. Have your signature
witnessed at the lower right. This wit-
ness means that the page was filled at
the time of signing.

(G) Promptly disclose any new and possi-
bly patentable ideas occurring thereon
to one of your associates who is famil-
iar with the work you are doing (pref-
erably the section chief or one who
has actually seen the experiment car-
ried out}, and have him affix his signa-
ture and the date. He should write in
“disclosed to” at the time of signing.

(H) When an idea, process, etc., of any
importance is finally found to be work-
able, the process, etc., should be dem-
onstrated in the presence of witnesses,
other than co-inventors, who are able
to understand the process. These wit-
nesses should sign the page in the
notebook describing the demonstra-
tion carried out in their presence,
writing in “demonstrated to and under-
stood by.” Before this procedure is
followed. the section chief in charge of
the project should be notified.

(1) Pages are provided for a Table of Con-
tents. This should be completed to
enable ready access to the contents in
the future,

Date

Assigned to

Returned to Library—Date .. .

Figure 4.3 Instruction page from an industrial laboratory notebook.
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place. Who did the work must be clearly indicated, and proper witnessing is
essential. (More on this subject in Chapter 7.)

® The notebook is the place to record all ideas, communications, and work
that relate to the business of the ¢ s mpany, especially those subjects that might
lead to new or improved products. Speculation is appropriate o1 .y when it
concerns potential uses of an invention, In all other instances, stick to recording
matters of fact.

In a nutshell, these are the principles of good notekeeping that should be
presented to all new employees. In Chapter 6, these principles are demonstrated
with examples of well-written notes.

During a symposium on laboratory recordkeeping held at the 111th ACS
National Mceting in New York in 1947, essentially these same guidelines were
presented as common practice in several companies, The only change since that
time scems to be an increased emphasis on the need for careful witnessing. The
principles for notekeeping that applied to that generation of research scientists are
still applicable today.

Instructions at Government Laboratories

At government facilities, the attitude toward instruction is similar to that in
industry, but perhaps a bit more relaxed. Usually each supervisor or group leader is
responsible for seeing that new emplovees are properly instructed. The U.S.
Department of Energy publishes a booklet entitled “You and the Patenting
Process™ (1), which is available to personnel at DOE laboratories and to grantees
and contractors. This little booklet has good, brief instructions about notekeeping,
including example notebook pages, and ought to accompany copies of the
Uniforn- Reporting System for Federal Assistance that are given to government
contractors and grantecs.

Instructions Given to Studenv Researchers

At every university and college that responded to the survey, instruction on
notekeeping depends on the attitude and training of individual instructors, None
of the departments reported guidelines that were applied uniformly to all of their
graduate students and faculty, although some research groups did have a ~onsensus
on how research notes should be kept. (In this chapter, T am referring to
instructions given to student researchers and not to the general teaching of
students, which is covered .a Appendix A.) Some teachers, especially those with
industrial backgrounds, are able to provide detailed instruction on notekeeping to
students when they begin their research. Often, however, student researchers learn
the art of notckeeping from a more senior student researcher who may or may not
have had adequate instruction.

Several of the experienced industrial research supervisors complained that
newly hired employees often lack adequate formal instruction in the principles of
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scientific notekeeping. The responses to the survey indicate that teachers seem to
emphasize writing techniques that are used to prepare technical papers for
publication instead of emphasizing the descriptive writing skills that are essential
in an industrial career.

This impression was borne out during a seminar at the Eighth Biennial
Conference on Chemical Education held at Storrs, Connecticut on 6 August 1984,
Panclists and members of the audience discussed the topic *“Writing Across the
Chemistry Curriculum.” Much of the discussion concerned how to teach the
writing of technical papers for publication—generally, avoidance of the first
person, active voice in the student’s grammar (exactly the opposite of what is
required of the industrial researcher). Most of the instructions given to industrial
emplovees can be applied to student rescarchers.

In an cnvironment of academic freedom, academic departments have a
natural tendency to eschew prescribed discipline in notckeeping. However, more
than two-thirds of the graduate students in chemistry (M.S. and Ph.D. candidatcs)
will go on to work in the chemical industry. Notckeeping skills are indeed a
valuable asset in an industrial career. Therefore, aren’t department-wide,
consistent, and uniform instructions appropriate for all student rescarchers?
Notckeeping is a tool of scientific logic as well as a valuable writing skill. Tt is
sometimes viewed, unfortunately, as an esthetic option rather than as a necessary
scientific tool. Students should be encouraged and given the opportunity to
develop the ability and the habit of good notckeeping at the same time that they
are taught the theoretical principles of their science.

Issuance and Maintenance of Notebooks

Most corporations with significant research cfforts supply their emplos ces with
custom printed, bound notebooks. Generally, one style of notebook purchased
from » single source is used throughout the company, although many companies
stock several sizes of notebooks useful for different purposes. The actual
distribution of notcbooks is often handled by one office at cach research facility
that has the responsibility to keep notebook issuance records. This function is
usually carried out by an office of records management or by the research library.
The distribution of notebooks is usually handled separately by cach research
ceneer. This procedure makes sense because in large organizations the logistics of
controlling the physical distribution of notcbooks to many distant facilities is
exceedingly difficult. On the other hand, some of the large companies do keep
central records of the issuance of notel voks. For example, Exxon Research and
Engineering has a comprehensive computer data system (2) that keeps track of
every document (i.c., notebooks, reports, or memos) issued to any emplovee.
Before the emplovee leaves Exvon, a list of all outstanding documents is given to
the immediate supervisor with instructions to collect the documents before the
employee leaves.

J1
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LABORATORY NOTEBOOK ISSUANCE RECORD

o
REQUESTER'S NAME (FAINT) PROJECT/OIVISION/SECTION NO  |BLDG AOOM TEL ExT

TO STATIONERY STORES PLEASE 1SSUL A LABORATOARY NOTEBOOK FOR THE FOLLOWING PURPOSE

RLOQUESTER

ISIGNATURE; LOATE)

STATIONERY STORES ACKNOWLEOGEMENT

~J TEBOOK NO WAS ISSULD TO MELOUESTER ON
lSENO COMPLETED FORM TO PATENT COUNSEL

1OATEI UHITIAL)

Figure 4.4 Laboratory notebook issuance record. These forms can be printed in carbon sets

and bound into log books. Alternatively, this or a similar format can be set up as part of a

complete database. Reproduced with permission from Ref. 1v. Copyright 1978, Prentice-
Hd//. IYIL'.)

Notebooks are almost always serially numbered and can be tracked even by a
simple handwritten system. A form for this purpose is shown in Figure 4.4. This
same type of form can be set up on a computer database system; an entry can be
made when the notebook is signed out and again when it is returned.

Corporate research centers differ in their level of concern that notebooks be
carcfully protected while in use. Some companies have strict policies that
notebooks be kept locked away whenever not in actual use. This policy is the best
of all possible alternatives for several reasons. First, the notebook is protected
from loss or destruction in case of fire or accident, and the opportunity for theft is
reduced. Sccond. the notebook is alwavs stored in a single location and can be
immediately retrieved when needed. 1f the worker is not reminded ro keep the
notebook locked up, it will wind up on a desk one day, in a drawer another, and
perhaps on an obscure shelf in someone else’s Jab or office at some other time.
(Alas, even my own notebooks have occasionally beer found in strange and
unusual places.) It the notebook is kepr locked up, the employee is encouraged to
think of it as a valuable picce of company property rather than an expensive
scratch pad. Notebooks are not permitted to be taken off the company’s premises
without authorization,

Photocopying of norebook pages is strictly limited by some companies as part
of an attempt to protect the integrity of proprictary information.

Some industrial companies make a distinction between active and inactive
notebooks. In general, active notebooks are those uncompleted books in which
entries are still being made. If the notebook is tilled to the last page, or if no
entries have been made for a specified period of time, say, 2 vears, then the
notcbook is classified inactive and must be returned for cataloging, microfilming,
and storage.
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In many laboratories, rescarchers keep their own notebooks in their offices
for as long as they are employed. The argument made in favor of this procedure is
that scientists often refer to notes made several months or years ago. Grabbing the
old notebook off the shelf and looking up the needed information is casier than
requesting official loan of the notebook from the records office or library and
waiting for the notebook to te delivered. Keeping old notebooks handy makes
sense for people in technical service and analytical laboratories who are often
looking for methods or techniques that were developed vnce upon a time to solve
a particular problem and that can be uscful once again. Rescarchers in product
development only need to keep on hand the notebook containing current work,
including work going back perhaps as far as a vear or two.

Many companies microfilm active notcbooks to ensure that most of the
contents are protected in case of loss and to provide an archival quality record of
the notebook. Some companics perform microfilming only after the notebook has
been filled and turned in for storage. The process of microfilming may be carried
out bv contract with an independent firm, although this method opens the
possibility of disclosing confidential information to outsiders. Microfilming is
done at least once a vear for active notebooks.

The attitude teward issuance and maintenance of notebooks in government
labs is similar to that described for industrial facilities. However, procedures such
as the instruction of new emplovees are not as rigorously monitored. As in other
arcas, the attitude in government facilities appears to be somewhere between that
practiced in industry and that practiced in academe.

In universities and colleges, students usually get their notebooks by
requisition from the ' partment stockroom or by buying them at the school
bookstore. No universities reported having a central office responsible for the
issuance and collection of notebooks used for research. Because funding for
reszarch is so diverse at even a single university, such a centralized system s
probably not needed. However, someone, perhaps the department chairperson,
should ensure that quality notebooks are available along with instructions for
notekeeping. The distribution of notebooks to students might be handled
differently from the purchase of other ordinary paper products. 1€ the department
or the rcarch advisor provided the notebook directly to the student, its serious
purpose would be evident.

Students will naturally take their notebooks in and out of laboratories,
dormitories, and other places in the course of a day. Teachers should stress the
value of the notebook and urge students to protect it.

Occasionally, student research notebooks contain proprictary information.
Students working in universities under agreements with industrial companies
should be clearly instructed about their obligations to grant or contract sponsors
who require that information be kept confidential. Such instructions can make the
student feel uncomfortable and it is up to the teacher to convey to the student the
importance of honoring the sponsor’s wishes. Students who graduate to become
industrial researchers will have to sign employment agreements with secrecy
provisions so they might as well learn to respect such provisions while in school.

[
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Inspection of Notebooks While in Use

Of the dozen industrial companies surveyed. all indicated that supervisors do not
monitor the notekeeping habits of their rescarch emplovees as an official part of
the employce performance review. Only one of the four government laboratories
requires semiannual review of notebooks by supervisors. This finding was most
surprising considering the emphasis that the companies put on notckerping
instruction and on protection of the notebook. These emplovers all recognize the
value of proper notes, yet virtually none makes review of the notebooks a formal
part ot rating employee performance. The legal staff members and the lab
managers who responded to the third survey question indicated that sup=rvisors
probably keep in touch with their emplovee’s writings. How that monitoring was
done, however, was up to each supervisor. In other words, some probably do and
some probably don't.

How important is it that supervisors acrually read their researcher’s
notebooks? Consider the following story about a research advisor who didn't.

A professor of chemistry at a major American university had a student who
had obtained his doctorate degree and was ready to rerurn to his native Japan. As
is customary after completing rhe oral defense of the dissertation, the student and
professor exchanged handshakes and polite wishes for future success. The student
then presented the professor with his notebooks, samples, and other records, which
the professor stored away for safckeeping. A few weeks later, the professor sat
down and opened up one of the student’s notebooks to verify some experimental
work and was horrified to find that all the notes had been written in Japanese! He
had not once looked at the student’s notes during, the several vears that the work
Was In progress.

The supervisor who stavs in touch with the rescarcher’s notes will nor be
surprised when the time comes to review or repeat a critical picce of work. Young,
rescarchers, especially in industrial settings, should not feel insulted or belirtled
when occasionally asked to leave their notebooks for checking. Afrer all, the
industrial notebook is the property of the company and the worker has an
obligation to follow the company's notckeeping policies. Tf such checking is
emphasized when employees are new at their jobs, they will accept the procedure
as an ordinary responsibility of employment. The supervisor can judge when the
employee has developed the skill of notekeeping to an acceprable level. Pase thae
point, checking of notes need only be done in connection with interpretation or
validation of data.

The following is a ten-point checklist that supervisors can use when
reviewing notebooks. All of these questions should be answered in the affirmative
if the notebooks are being kept properly.

1. Are the notes written in black, ball-point pen?
2. Is the handwriting clearly legible? Are numbers and  svmbols

unambiguous? (Does a seven look like a tiwo, a one like an eI, or
an “‘oh” like a zero?)
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3. Is the table of contents up-to-date?

4. Is cacl. entry signed and dated unambiguously? (Tues 9 October
1984, not 10-9-84)

S. Does cach section have a clear, grammatical heading that describes
the work reported therein?

6. Arc entries written in the first person, telling who did the work?

7. Is the work described completely so that it can be understood
without additional explanation by the writer?

8. Is the rescarcher “thinking in the notebook?” That is to say, are
ideas and observations entered immediately and directly into the
book and not on scraps of paper that are transcrioed later?

9, Arc entries witnessed correctly?

10. Is the notebook stored safely when not in use?

These questions cover only the mechanical aspects of proper notekeeping, The
supervisor has a much broader responsibility to see that the researcher is *‘doing
good science” by studving such factors as the reasonableness of hypotheses,
appropriateness of controls, statistical analysis of data, or validity of conclusions.
Many books detail the subject of managing scientific investigations, a few are
listed at the end of this chapter. Further discussion of this topic is bevond the
scope of this book.

These guidelines for checking notebooks are applicable in nearly every
laboratory situation, yet cach facility has its own special needs. Supervisors can
spend a little time thinking about what aspects of their operations can benefit by
special emphasis during instructions to researchers. Some examples are as follows:
Are expiration dates of reagents noted? Is the last calibration date of the
cquipment recorded? Which spectrometer was actually used? Did the same
technician prepare the samples each time? In the long run, to ask for detail is more
cost efficient than to let assumptions take the place of facts. The motto ought to
be, “Write it right the first time.”

As for checking, the notes of student rescarchers, 1 suggested in Chaprer 2 that
notebooks with perforated, duplicate pages were ideal for use by students.
Research advisors can collect the notebook pages every few days and ceview the
student’s work at leisure. This procedure ensures that students are keeping their
notes current and preserves a copy of the record in case the original notebook is
lost or damaged by a lab accident.

Reducing Fraud in Research

Regular checking of raw data in notebooks wid project files can catch sloppy or
dishonest work before it makes headlines, In the late 1970, several instances of
fraud in both industrial and academic rescarch institutes were directly traceable to
lack of review of raw data by colleagues and supervisors. Scandals that drew
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national attention in the fields of biological and agricultural research occurred in
large part because coauthors at distant research centers trusted their colleagues’
claims of results but did not actually examine the raw data supposedly generated
in the studies. Communication between coauthors was allegedly poor.

As a result of these incidents, several organizations developed guidelines +o
minimize the recurrence of dishonesty in research. ‘The most detailed set of
guidelines was published by the Association of American Unis arsities Committe»
nn the Integrity of Research (3). This group recognized that ““Deviant actions by
rescarchers may be grouped in four categories—scholarly fraud by falsification of
data, plagiarism, abuse of confidentiality, and deliberate viclations of regula-
tions.”” To nrevent dishonesty in research, the Committee recommended rhat
attention should be given to six issues: Encouragement of intetlectual honesty,
discouragement of the attitude of ‘‘success at any cost,’” acceptance of
responsibility by the laboratory director, maintenance of professional interpersonal
relationships, ¢stablishment of well-defined experimental protocols, and approp-
riate assignment of credit and responsibility,

In that report, a specific guideline was stated for laboratory notebooks and
other primary records:

The director should supervise, teach, and encourage in-depth scrutiny and
interpretation of results, emphasizing respect for primary data. Routine
audit and ceview of all primary data by the laboratory director is strongly
recommended.. . . Written, detailed, explicit procedures for data gather-
ing, storage, and analysis are essential and should be available and
practiced in all laboratories.

A three-member pancl that investigated alleged fraud involving work funded
by the National Institute of Health (NIH) at two major universities recommended
seven steps to be taken at all NIH-supported clinical research centers (4). Among
the guidelines was the statement: *‘Clinical studies performed by young
investigators should be reviewed at regular intervals by the supervising physician,
including raw data.”

These guidelines place a heavy burden on the rescarch director, who is usually
too busy to check more than a small percentage of the total raw data generated in
any given study. In many laboratories, the accuracy of raw data is customarily
checked and the notebook entry initialed by a colleague of the researcher. This
practice is common in pharmaceutical laborarories even though th. U.S. Food and
Drug Administration has stated (5) that raw data collected in the course of a
nonclinical laboratory study does not have to be cosigned by a second individual,
However, correcttons to raw data must be accompanied by a signature and
explanation of the reason for the alteration because the FDA believes (6), . . it is
sometimes difficult for a second party, such as the personnel in your quality
assurance unit, to distinguish ‘obvious’ errors [such as a simple incorrect date].
Consequently, the Agen  .nsists that all corrections to raw data be justified.” Tre
accepted method of making such changes is by placing a single stroke through the
unwanted entry, followed by dating and initialing the change with a word or two
of explanation.
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Collection of Cuompleted Notebooks

Notcbooks should be collected from their authors and put into permanent storage
when employces (or rescarch students) terminate their employment; work on a
project has been completed and the project has been discontinued; or the notebook
has lain idle for 2 vears, even if the notebook is not filled to the last page.

These guidelines are subject to the previous exception: books to which
frequent references are made can be kept handy as long as they are safely and
securely stored under conditions that will minimize deterioration. At a minimum,
notebooks should be kept in a closed cabinet rather than allowed to languish on a
dusty shelf over bottles of chemicals.

When notcbooks are collected for storage, the person responsible for receiving
them should check for several items. Blank pages have to be marked off with an
“X" and the signature of the author, or by a dated stamp that reads “No
information on this page.” The title page and table of contents can also be
stamped with a phrase such as *“This notebook completeon (date)” or
“Cataloged by Records Management Office. No entries after (date).”
The manuscript marking ink described in Chapter 2 is ideal for this purpose.
Workers shotid make no further entries in books so marked.

The table of contents has to be complete when the notebook is turned in for
storage. Many companies usc the table of contents to create a computer-based
index to the subjects contained in all research notebooks. This index is cross-
referenced by author, project, subject and date and becomes an invaluable tool for
deterrnining work done in-house on a particular subject. Notebooks conta’.+ much
more information than is ever put into technical papers or periodic internal
reporrs; it is often difficult to determine from a report if a particular experiment
was ever performed. The index can be rapidly searched to determine if the work
was ever done, by whom, and when. Then, the notebook can be retricved and
studied in detail to determine the relevancy of the previous work to the current
problem. Even desk-top microcomputers have sophisticated database management
svstems that can perform the indexing function for modest-sized laboratories.
Once an individual leaves the facility, no one knows in detail all the little projects
and experiments on which that individual worked. A comprehensive index of
notebook entries can save much time and avoid needless speculation about the
outcome of unpublished work.

Some organizations also require that the notebook author fill out a disclosure
form that lists all the possible inventions described in that book.

After the completed notebook is accessioned into the collection, a microfilm
or microfiche record is made, This photographic record serves two purposes. First,
it is a copy that can be stored in a separate location to provide insurance against
the loss of the data in the event of destruction of the original book. Second, the
microfilm can be viewed v hen needed, and the notebook left protected in storage
unless the original is absolutely required (e.g., to be introduced as evidence in
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litigation). This advantage reduces the handling of the original notebook and
thereby prolongs its life,

A comprehensive book entitled Legality of Microfilm (7) covers the laws on
admissibility of microforms as evidence in litigation. The laws of all 50 states are
summarized along with policies and rules of major federal agencies. All of the
relevant American National Standards Institute (ANSI) publications on microgra-
phics, photographic film, and archival storage of film are also presented in that
work.

In those laboratories that use notebooks containing duplicate pages, the
researcher customarily turns in the carbon copies every few days. These copies may
be stored by the supervisor, the records center, or the rescarch library, The copies
are kepe until the notebook is completed; at that time, the notebook is archived
and the duplicate pages are returned to the researcher or supervisor for handy
reference, This system is ideal for student researchers because it allows them to
keep a complete copy of their work while the school preserves the original.

Storage of Notebooks

What are the best conditions for storing paper documents such as laboratory
notebooks? An experiencod paper conservator once remarked that if paper records
were kept in the controlled climate that we usually specify for our computers, the
documents would still be in good condition long after the electronic equipment
had become obsolete,

For over 50 years, archivists have recommended that paper records be stored
at approximately 23 °C and 45-50% relative humidity. These recommendations
have recently been confirmed in a Library of Congress publication (8). Cooler
temperatures slow down the natural aging of paper: A rule of thumb is that the
life of paper is doubled for every 5 °C reduction in storage temperature. Warm,
moist conditions encourage the growth of molds and fungi that attack paper. At
the other extreme, air that is too dry leads to embrittlement. 1f documents are to
be retricved several times cach year, keep them at ordinary room temperature to
avoid the mechanical stress that comes from the thermal cycling and attendant
moisture condensation that occurs when they are taken out of storage. An
interesting approach debated by some paper preservationists is that documents to
be put away for long-term storage of many years can be sealed in moisture-proof
plastic bags and stored at freezing temperatures. This approach is likely to be
prohibitively expensive for large volumes of material,

Cool, long-term storage can be found in underground repositories, such as
salt mines, in which space is leased expressly for document storage. Commercial
warchouses are also available for document storage, if the research facility simply
does not have sufficient room.

The 1937 National Burcau of Standards report on the preservation of
records, which was mentioned in Chapter 2 in connection with inks, describes how
the National Archives Building in Washington, DC, was constructed to create the
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2est combination of conditions for paper document storage. Attention was paid
not only to the control of temperature and humidity, but also to details such as
alkaline wet scrubbing of the recirculated air to neutralize acidic pollutants and
the use of specially selected structural materials to minimize airborne dust, which
is abrasive to paper.

The facility chosen tor storage of paper documents should be designed to
minimize the risk of damage from fire or flood, to reduce the possibility of
bacterial growth, to prevent encroachment of rodents and insects, and to be
physically secure from theft or malicious mischief. Details of these and other
considerations for a document storage facility can be found in *“Quality Assurance
Program Requirements for Nuclear Facilities,” available from the American
Society of Mechanical Engineers (9). (See Appendix 2.)

In universities, cach department should evaluate its own needs for long-term
storage of laboratory notebooks. Because these books are rarely, if ever,
microfilmed, protection of the original is very important. A quick survey of how
individual professors store their students’ notebooks should be done to decide if
changes arc in order. Moving the notebooks from open shelves into file drawers or
cabinets in rooms with temperature and humidity control will help to preserve the
books.

Sorne departments currently insist that original notes stay at the university,
although students are entitled to take copies with them. Retiring faculty at some
schools are encouraged to make their own arrangements for disposition of their
research data because no space is available to store such items. In rare instances,
research notes are passed along to the library for archiving,

The driving force behind an effort to preserve academic research notebooks
should be the recognition that a consistent policy for notekeeping will ensure
continuity of the research record within each division or group. Incoming graduate
students often read the thesis and notes of previous student research on a topic
before actually beginning lab work. If each department prepares guidelines for
recording and preserving original data, then each new student researcher can be
sure of having previous notebooks available and in good condition.

After consultation with many academic department administrators, this
recommendation is made with deep sensitivity to each faculty member's right to
academic freedom and with full appreciation of rhe increased burden that will be
placed on department officials. Once the guidelines have been developed and put
into place, very little administrative effort will be required to see that notes are
adequately preserved.

Preservation of Aging Notebooks

Countless notebooks made of cheap, unstable paper were used during the past 50
years in both industrial and academic environments. If the pages of important or
especially useful notebooks are degrading as a result of mold, sunlight exposure, or
aging, serious thought should be given to preserving them as soon as possible. The
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least expensive method is to photocopy the pages onto high quality, permanent-
durable paper and to use these photocopies for referral. A second alternative would
be to microfilm the notebooks. The third and most expensive alternative would be
to send the notebooks to a qualified paper conservator for restoration. This
restoration might involve cleaning, deacidification, and physical repair of damage.
Such treatment can be expensive and should be considered for those notebooks
judged to have potential historic significance.

Notebooks in need of conservation are probably too old to be of value for
litigation and should be preserved either because they are of historic interest or
because they contain useful, perhaps confidential, unpublished information.
However, legal advice should be sought before original notebooks are disassembled
for conservation.

All of these procedures will be in vain if the notebooks are not stored
securely. Loss of notebooks, accidental or otherwise, is perhaps more likely in an
academic setting than in industry because of the lack of controls on issuance and
collection of notebooks in schools. The turn-of-the-century notebooks of
Kamerlingh-Onnes containing the discovery of superconductivity are lost forever,
but the notebooks of Michacel Faraday and Alexander Fleming have been preserved.
Clearly, the future of notes being written today is in the hands of research
supervisors who can establish policy for their preservation.

Summary

® Instruction—New employees and student researchers should be given
written guidelines that clearly state the organization’s rules for notekeeping.
Instructions based on the examples in Figures 4.1-4.3 can be made specific for any
organization. Orientation sessions conducted by senior research personnel can
convey the value of proper notekeeping to new employees.

® Issuance—Notebooks should be issued from a central office at cach
industrial facilitv, and records should indicate to whom the book was issued and
for what purpose. At universities where student researchers buy their own books,
professors should urge students to obtain high-quality notebooks with duplicate
pages.

® Maintenance—Industrial notebooks should be kept locked in drawers or
cabinets when not in use. Student researchers should be impressed with the need to
protect the notebook from accident or loss. Duplicate pages should be turned in
every few days. In industrial settings, the use of duplicate pages or periodic
microfilming of active notebooks can ensure that data will not be lost,

® Checking—Supervisors should periodically check researcher’s notes for
compliance with the ten guidelines listed carlier in this chapter. Sloppy work and
outright fraud can be virtually climinated if checking by peers or supervisors is
performed regularly,

® Storage—In industry, completed notebooks should be turned in to a
central office for caraloging, microfilming, and storage. In academic settings,
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duplicate pages given to the research advisor during the course of the work can be
given back to the student in exchange for the original notebook, which will be
archived. Conditions for storage should minimize deterioration of the paper and
should protect the notebooks against accidental loss and theft.

Appendix 1. Reference Books

The following books are classical works on the methodology of scientific

investigation.

Wilson, E. Bright An Introduction to Scientific Research, McGraw-Hill: New
York, 1952,

Beveridge, W. 1. B. The Art of Scientific Investigation; W. W. Norton: New York,
1951,

Bush, G. P.; Hattrey, L. H. Teamwork in Research; American University Press:
Washington, DC, 1953.

Freedman, P. The Principles of Scientific Research; Pergamon: New York, 1960.

Appendix 2. Requirements for Records Storage Facilities

The following information is an excerpt from the “Quality Assurance Program
Requirements for Nuclear Facilities,”” ANSI/ASME NQA-1-1983 Edition
supplement 175-1, p. 33.

Facility

Records shall be stored in facilities constricted and maintained in a manner which
minimizes the risk of damage or destruction from the following:
(a) natural disasters such as winds, floods, or fires;
(b) environmental conditions such as high and lew temperatures and
humidity;

(¢) infestations ot insects, mold, or rodents.

There are two satisfactory methods of providing storage facilities, single or dual.

Single Facility
Design and construction of a single record facility shall meet the criteria of (a)
through (i) below:

(a) reinforced concrete, concrete block, masonry, or equal construction;

(b) floor and roof with drainage control. If a floor drain is provided, a
check valve (or equal) shall be included;

(¢) doors, structure and frames, and hardware shall be designed to
comply with the requirements of a minimum 2-hr fire rating;

(d) sealant applied over walls as a moisture or condensation barrier;
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(¢) surface sealant on floor providing a hard wear surface to minimize
concrete dusting; :

(f) foundation scalant and provisions for drainage;

(g) forced air circulation with filter system;

(h) fire protection system;

(i) only those penetrations used exclusively for fire protection,
communication, lighting, or temperature-humidity control are
allowed; all such penetrations shall be sealed or dampered to
comply with the minimum 2-hr fire protection rating.

The construction details shall be reviewed for adequacy of protection of contents

by

a person who is competent in the technical field of fire protection and fire

extinguishing, If the facility is located within a building or structure, the
environment and construction of that building can provide a portion or all of
these criteria,

Li
1,

LN

10

terature Cited

“You and the Patenting Process:™ U.S. Dept. Energy, 1980, DOE-GC-003. (Available

from U.S. Department of Energy, Assistant General Counsel for Patents, Washington,
DC 20545))

Landsberg, M. K. “Security and Information Transfer;” presented at the 188th
National Mecting of the American Chemical Society, Philadelphia, August, 1984,

. Danforth, W. H.; Arnott, S.; Barber, A, A.: Ferrendelli, J. A.: Ross, R, S.: Sachs, H.

G.: Travis, C. K. “Report of the Association of American Universities Committee on
the Integrity of Research™, 1983.
Norman, C. Science 1984, 224(4649), 581.

. Lepore, P D. “Good Laboratory Practice Regulations—Questions and Answers:™ 1981,

p. 22. (Available from Bioresearch Monitoring Staff, HFC-30, FDA, 5600 Fishers
Lane, Rockville, MD 20857.)

Lepore, P. D. “Management Rriefings on the Good laboratory Practice Regula-
tions—Post Conference Report;™ 1981, p. 35. (Available from Biorescarch Monitoring
Staff, HFC-30, FDA, 5600 Fishers Lane, Rockville, MI) 20857.)

. Williams, R. E. Ed. Legality of Microfilm: Cohasset Associates: Chicago, 1980.

(Available from the publisher at 3806 Lake Point Tower, 505 North Lake Shore Drive,
Chicago. 11. 60611.)

“Paper and s Preservation: Environmental Controls;™ Library of Congress Preserva-
tion Leafler, Oct 1983, No. 2.

“Quality Assurance Program Requirements for Nuclear Facilities;” ANSIZASME
NQA-1-1983 Fdition supplement 175-1, section 4.

Carlsen, R. D.; McHugh, 1. E.; “Handbook of Research and Development Forms and
Format™; Prentice-Hall: Fnglewood Cliffs, New Jersey, 1978,

6.



Organizing and Writing the
Notebook

Be Flexible

he key to writing a useful notebook is simple clarity: Clear lavout, clear

descriptions, and good penmanship. A notebook that is a continuum of

scribbles and scrawls from cover to cover will waste your time when vou
try to locate old information and may actually be misleading. The easier it is to
find and understand subjects written into the notebook, the more use you will
make of it. No single system for setting up the notebook will be the best system
for all people in all situations. Each job, each project, each person needs a system
that is right for the moment. You must adopt a flexible attitude about how to set
up the notebook. In this chapter, guidelines are presented for organizing your
writing for different purposes. Keep in mind that anyone should be able to pick up
your notebook and understand what you have just written.

You nced a flexible attitude because vou must consider your own perspective
when you write the notebook as well as the perspective of future readers. If you
are recording analytical test results, a straightforward tabulation is most sensible
because you and future readers can best make sense of carefully laid-out data.
Another phase of a project, such as running a prototype research apparatus, is best
handled by a narrative description, as if you were telling a story to somcone who
has not seen the apparatus. Flexibility in organizing the notebook means
sometimes abbreviating subjects and sometimes spelling them out in detail.

A speaker’s maxim is to know the audience to be addressed and to suit the
talk to the audience. So it should be in writing the notebook. As you change jobs,
you will change your perspective: sometimes you will be writing notes strictly for
vourself, sometimes for a boss, and sometimes for subordinates. For these other
people to understand vour writing, you have to put vourself in their position and
realize what they know or don't know about the work. You may also want to

0906-5/85/0053/%07.75.1
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consider that some work will be of value to an unknown person who, years later,
may pick up your notebook in an attempt to find a fact or two.
The contents of any notebook are broadly divided between the front matter

and the body of the book.

Front Matter

The front matter of a laboratory or research notebook comprises the following
elements: the title on the spine or cover, the signout or issuance page, the page of
instructions, the table of contents, the preface, and the table of abbreviations.

Exterior Title

Consider how helpful the title of the notebook would be on the spine or cover so
that it can be read in a stack of books on a shelf. Because most notebooks have
dark covers, you can use white typewriter correction fluid to paint a title vertically
on the spine of the notebook. For the title, you may use a project number, project
name, or simply a sequential number. Titles should be simple, such as “NEW
PIGMENTS,” “HPLC DEVEL,” or “MICROS.” Scicntists who are not issued
serially numbered notebooks often use a code consisting of their initials followed
by a sequential number for each book. My first noteboox would be labelled
“HMKO1,"” the second *HMKO02,” and so forth. This simple sort of coding is
/aluable for identifying samples and for tying computer or instrumental output to
the correct notebook.

Stgnout Page

The signout page was discussed in Chapters 2 and 4, and an example of a signout
page was shown in Figure 2.1, If a printed signout page is not present, you can
casily copy by hand the form shuwn in Figure 4.4,

Printed Instruction Pages

The instruction pages were discussed in Chapter 4, and several examples were
shown in Figures 4.1-4.3. Each company, school, or research group will have its
own variation of an instruction page, but they all should have essentially the same
guidelines.

Table of Contents

The table of contents usually follows the instruction page. It can be very handy for
quickly finding specific topics in the notebook but it must be kept up-to-date to
be useful. The table of contents should have just enough information to be useful
but not so much information that it is hard to read. It can be organized in several
ways depending on the work reported in the notebook (see Figures 5.1-5.3). A
general purpose table of contents can include one column ecach for the date,
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TABLE OF CONTENTS ~Analyt. Chem 233-3 | Notepookno MK =L
Date 1 Subject Page No.
9 Sept 1984 Y Preface o
Regan 105egt D) Table of abbreviatoas 2
/0&:’,01‘- 198y De’{’ermMa‘}'év\ of chloride by ﬂrauime{'r)/_ x
I?.Sc()"‘. ¥y . Ezu}vo /&n'lt wl. O'F Q 60["4 ac(d ?‘

|/ Oct (9% ‘De,f‘m'a of oxalafe b/ KMa0, '/77Lr/bv€/‘f)" /0
S Oct 1987 Fe in ore by dichromate fitation /4
/5 Octl: 1987 The. Fitration curve. and /bn/'zgf/bq -
_ — . consfants of p‘!@&{,’“?“‘ acid AT-,,}O ]
S Nov. 1981 Potentiometry with Zm}yhyc{mﬂe,_cu’g,d’mdei a6 |
/& Mou. 1989 For mation conslantof Hg- Nt complex 32|
(9 Wov_(9%Y _ Solubility of AgCrdy by conductometry 39 |

4 Dec. (981 Controlled-pofental coulomety 4y |
/0 Dec. 1981 Summary of Experivental Techngees |
L learned this Semester 52|

Figure 5.1 Table of contents from a student’s laboratory notebook.
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TABLE OF CONTENTS - TECH. SRV DEPT NotebookNo. CP -1123
Date Project No. Subject Client Page No.
{ Jan. 1988 |TS-018S | Discolo ced cod'lha Dept. 62 | 28
g Jan. ‘%5 |75013¥s |Briltk polypeo. liner|C. 6. Hareis | 3)
26 Jan. (485 [15-01y 85 |BlacK, SF,?:,“,SC;“:;? Sules Degh| 40
Y Feb. 1985 |T5-0188S Colibrate microsco _ 46
6 fcb 1985 |75-022¥5 Iduﬁfy fibers Process 521. 917 {
o Feb 1985 | — Repairs 4o DscC — 49 |
/Y Feb. (985 |75-03185 | Holes in Al-Ti ribbon |Don fal/ 54
| Feb. 1985 |15-03485 | Discolored coa‘l'a'g__s‘ 7 De,,o)r- 61 | 58 |
2 March 198’3'. 75-018%5 Colibfa+c miccoscope]  — 71,[ ]
3 March 1985 | 75-03985 | Sccatches in Hi- Jens}ézw — —
e polyd’hy/ane bofﬂcs ./“ e
? mqrc’\ /78/5/ ’f5‘53‘/g/54 Ducoloru:/ C.0a+l’\5 Dc# 62 ;7 B
/? /'7arc/t /78'5 TS ’Q"‘/&’S Pdfk\l'\é po«oo(er ‘4 4//“.”[0«){ :'3")’7~ :
22 Macch 1985 75-04985 | Floaters m cHely  |HPLe cob. | ¥9
26 /ﬂarck 1795 75-05085 | Znstall new r0a N — 92 ]
R | — | ‘chromafoamloh —_— —_
ién/?lofil 1988 |15-01885 [Calibr. microscope| —— //.{_T
4 /?7a7/ 1988 |T5-0(8%S | calibe Mic.m:.cofe, —_— "ne 1
é m«y 1985 74')’3'8‘13’5 'fde-d'.'{'y fibers Process 6?}14/’7; i
q May 1985 |75-0¥ES |UnKaown dust &W\d — ]
— — on fller bett | Q.4 Dept | 2/
/2 Iﬂoy_ﬂa’s ,TS'O%KS, 'ﬁ:ars m Pmp 'fa/oer nge.s ] 127
/6 /ﬂay 1985 [75-0998S |“"Seeds” in bettles | T K.Moyer /31
21 /ﬂay 198S |75-py38S | Gireena spo‘h/sfripc Proc. c?'rg. /3‘/,
30 Mﬂy 198's | 75-03Y85 |Discol. coafnhASo\ud! Depf. 62 vy

Figure 8.2 Table of contents from a notebook wused to record technical service
mvestigations, Entering the project number, subject, and client name will aid in ‘uture

searching.
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TABLE OF CONTENTS — QuAL1TY CONTAROL | NotebookNo QCD-11425

Date Subject l Page No.
Run Begou\ Propuet |Réactor COMMENTS —
OFYS he. 1 Tune | KT-22  [Ketlle®s AORMAL. 2
J0I15 14 Tune'¥s] LC-21-1 |Estr 14 égﬁéig;q-ma warmys 4 em
0900 |7 Tune '¥8| KT- 22 Kelfle®e | Dble-. balch ¥
0730 19 June'ss|g1-225  |kete®y |New stirrag blade 2
0900 24 June'¥s! xT-22 Kehe*‘j Kf_f)\aad %e(mocou‘oleb 13
oS 7314’7/”{ KT-24 Keﬁﬂe—*é Con‘hmha‘l’c{ ! Dbazrald /14—-1.
ons 1nJaly'ss | kT-24  lkele®yq | pogmar as
0730 /4 Tuly 18] KT- 24 [Keffle®y | poRmAL ET
0845 1#Tuly NS | KT-29 Ketle®s |Volve stuck -overheat | 34 |
0300 10 Auyest |KT-228 lGreen | MoRmAL |39
0745 /7 Augest | KT-333  |Kete *C |windows etched '7 | o
| /9 August 'ys| ReohRs |10 kETEE *6 | 49|
_qs'r;g_:_w_(}g_ KT-223 | Greea MoRMAL |56 |
0745 24 /’«g KT-22a Kettle ¥ | Morma/ - Blue cast? |59
080 27Aug  |LC-2- Extr. Il | Replaced dies | 67
030 29 Aug | KT- 24 KETMLEH |  WoRMAL 69
L Sept.  —— |VACATOW |SHUT Dowl § MANTEWANCE —| 74

Figure 5.3 Table of contents from a notebook used to record quality control work. Note
the use of arrows to indicate unusual observations.
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subject, and page number. If rnany projects are recorded in the notebook, such as
in technical service or analytical work, the table of contents can have a column for
the project code number. If the notebook is used for a long-term research project,
daily or weekly summaries of progress can be indexed in the table of contents. If
the notebook is used to record quality control data, the table of contents can be
set up to lisu lot or batch numbers, or times and dates when raw material sources
are changed.

The philosophy of flexibility is obviously at work here. Don't stick to
writing one style of table of contents for your entire career; set up cach table of
contents so that you will get the most from it.

Preface

Probably the most neglected part of notebook writing is the preface. When
beginning a new notebook, take a few minutes to write a couple of paragraphs
that describe the author and the purpose of the notebook. Although vou know the
purpose of your notebook, future readers may be stymied without a brief preface.
The preface need not be longer than one page; you should include the following
information:

1. Who is the author? Give job title, department, anu specialization.
Who is the supervisor? List coworkers who are contributing to the
project.

2. What is the goal of the work? How far along was the oroject when
this book was started? Summarize the progress to date.

3. Where is the work being performed? This point can be useful for a
future reader who wants to find associated equipment or records.
Where are other records and samples stored?

4. Who is funding or sponsoring the work? Who is the contact person
for the funding? Include the address and telephone number for
handy reference,

Two examples of a preface are shown in Figures 5.4 and 5.5. One illustrates
a typical student preface, which might be written at the start of thesis research.
The other shows a preface that might be written by an industrial researcher at the
start of a product development project.

Table of Abbreviations

The last item of front matter is a table of abbreviations, symbols, code numbers,
or other information that is used throughout the book. Some people put such
information on the inside front or back cover, a good idea because information
can be casily found there, An example of this sort of table is shewn in Figure §.6.
Again, be flexible: Tf you don't think that such a table is useful, then don’t include

Y
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Figure 8.5 Preface to a notebook used to record a long-term ind.strial research project.
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Figure 5.6 This table of abbreviations is extremely useful because it permits the use of
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be filled in as the notebook is being wricten. However, the table should be complete when
the notebook is turned in for storage so that future readers will understand otherwise

crvptic references.



62 WRITING THE LABORATORY NOTEBOOK

it. At least take a minute to think whether including such a table will make your
work a little easier, not to mention improving clarity for other readers.

Some researchers like to put index tabs at the beginning of major sections of
the notebook. For example, tabs on the first page of the table of contents and at
the table of abbreviations can be handy time-savers.

Numbering the Pages

Some research notebooks available at universities and nearly all industrial
notebooks come with printed page numbers. If you have to use a notebook
without printed page numbers, take a few minutes and number the first dozen or
so pages when you sit down to write the preface. Put the page num’ :rs in the
upper outside corner of every page, starting from the very front of the book where
the preface or table of contents will begin. Write the number legibly and enclose it
in a circle so that it will not be mistaken as part of the date, data, or a doodle.
Always keep a few pages numbered ahead of where you are writing your notes so
that you can reference work on on= page to work on another. Con't fall into the
trap of writing a few pages without paying attention to page numbers and then
forget to fill in the table of contents or make cross-references.

Summary of Front Matter

When );ou get a new notebook, you will need less than 30 minutes to label the
spine, write the preface, start the table of abbreviations, and begin numbering the
pages. You and your readers will find this preparation well worth the effort.

Remember, too, that the notebook is a tool, not an end in itself. Don’t make
notekeeping the goal, but rather one of the means of achieving your particular
scientific goal. A well-kept notebook is a pleasure to read and a valuable asset, but
don't spend excess time perfecting the appearance of your notes at the expense of
work on the actual scientific problem.

Some Simple Practical Suggestions

Make writing space when setting up experimental apparatus on the lab bench. Put
the norebook on the bench and then set up the apparatus. This sequence forces you
to create plenty of room to work and write. Don’t try to squeeze the notebook
into a small space between picces of equipment. You will Ykely leave a corner of
the notebook sticking out over the edge of the bench just waiting for someone ro
knock the book (and perhaps the apparatus) onto the floor. If you are right-
handed, put the notebook on the right side of the equipment on the bench; if you
are lefi-handed, put the notebook on the left side of the equipment. Some old-
style Tab benches have pull-out “‘courtesy shelves™ that are ideal for notebook
writing,

Don’t use the notebook as a tray to carry small objects such as crucibles,
sample boats. or glassware. 1 have scen several days' work crash to the floor when
a technician who was balancing several samples on a notebook rounded a hallway
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corner and bumped into another worker going in the opposite direction. Carry the
notebook under your arm and carry samples and apparatus on trays or carts with
ample sidewalls.

The Body of the Notebook

During the course of your career, you will use notebooks for many activities: to
plan work and experiments; make safety notes; record data and observations;
perform calculations; discuss results of work and experiments; describe inventions;
track personnel assignments; review progress; and keep track of reagents, supplies,
and equipment performance.

The concept of flexibility can also be applied to the body of the notebook.
Think of each job or project that you are about to “egin recording as a separate
entity from previous entries, and ask yourself, “How should 1 organize the
headings for this project’s topics for maximum clarity?”’ Routine work often needs
no more than a sentence or two of background explanation before getting into the
actual experiment, observation, or measurement. Long projects, on the other hand,
can definitely benefit from thoughtful choice of notebook headings and
organization.

Each job or project can usually be broken down into four major phases:
background, planning, execution, and study of results. You can describe each of
these phases by using one or more section headings in the notebook. You can vary
the amount of space devoted to each of these sections depending on your need to
give either a brief summary or a detailed description of the work.

Laboratory Research Experiments

In the typical laboratory or pilot scale experiment that might last from a few
hours to a few weeks, the following section headings should be used: “‘Introduc-
tion,” “‘Experimental Plan,” *‘Observations and Data,” ““Discussion of Results,”
and *“Conclusion.”

The first three headings correspond to the first three major phases listed
previously. The phase called “Study of Results” has been divided into two
sections, “Discussion of Results” and “Conclusion.” This division allows you to
use the discussion section to “think in the notebook’ about what you have done.
The conclusion section then follows naturally and should be a brief, clear
statement of your accomplishment. Note that these section headings parallel the
scientific method of deductive reasoning, which encompasses creating a hypothesis,
devising an experiment to test the hypothesis, conducting, the experiment, and
drawing conclusions (a step that often means revising the hypothesis).

For the researcher who works more often by inductive reasoning (gathering
many facts and then drawing a conclusion), these headings are still satisfactory.
Begin by stating the broad goal of the investigation in the introductory section.
For each separate test, write an experimental plan followed by the observations

~
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and calculations pertinent to that test. Postpone the conclusion section until you
have sufficient data to make a guess. These five “tried-and-true” headings will
suffice in almost all experimental situations.

For each section, you may use general headings, such as “Introduction” or
“Experimental Section,” or you may use specific headings relevant to the
particular project, such as *‘Background and Need for a New Photochromic
Polymer” or “Experimental Plan to Test Stability of Dye Compound #X21776.”
Specific headings are preferable. If a single section runs many pages in length, you
can use subtopics of that section as additional headings; write them at the top of
each page.

In university research laboratories, one student usually performs most, if not
all, of these steps and keeps the complete record in a single handwritten notebook.
Such a notebook should be very easy to follow because section headings are in
sequence; each experiment is clearly separated from the next.

In industrial laboratories, however, some of the work will be performed by
people other than the notebook’s primary author. The notebook will not always
follow the simple order of section headings. For example, some work will be
recorded on printed forms called bench sheets. Some of the work, such as
analytical or characterization experiments, might be done by technicians in other
departments who provide reports in the form of computer printouts. You, as
author and experimenter, might write the description of some experimental work
pertormed today, but you might have to wait several weeks to get test results from
another lab before you can write the discussion and conclusion sections. For that
reason, you must give each scction of the notebook a clear heading and include
appropriate references to page numbers of relevant sections. For example, when
freshly synthesized samples are sent out for analysis, note on the current page that
they were delivered to the analytical lab and when results are expected to come
back. When the results are received, copy them into the notebook and refer to the
page on which the synthesis was described. As another example, you should
describe a newly constructed apparatus only once and, in future use of the
apparatus, reference the page on which the initial description was made.

INTRODUCTION Begin recording an experiment by starting a new page
with the date, project number, title, or other specific appropriate heading.
Immediately below that information, write the introduction, a clear statement of
the scientific problem. Some researchers use the heading “Purpose” rather than
“Introduction” because this section focuses on the specific short-term goal of the
work. As in zny good picce of writing, begin the introductory paragraph with a
topic sentence that states the purpose of the work. In the remainder of the
introduction, provide explanation and support of the proposed work: Why is the
work being undertaken? What related work has been done (by others, yourself)?
Cite the literature. What were the results of this previous work? Why was the
current experitnent chosen? Show the relevant chemical reactions and other
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calculations that were needed to plan the experiment. What will be the benefits if
the experiment “works™?

For routine work, the length of the introduction may be as bricf as a single
sentence: *“Today 1 received two samples of paper (nos. 25671 and 25688) from
Dr. Morgan in Dept. 233 to be rested for pH in accordance with TAPPI method
435.” On the other hand, the introduction to a lengthy research project may
warrant many pages and consist of separate subsections with headings such as
““I iterature Survey,” “Calculations and Reaction Pathways,” *“‘Possible Experi-
ments,” or “Predicted Properties of the New Compound.” During the course of
experimentation or data analysis, you will frequently refer to the introductory
section to check calculations or to reassess the reasons for choosing a particular
approach to the problerr, Thercfore, after several pages of writing, summarize
your work up to that point and clearly mark the summary section.

THE EXPFRIMENTAL PLAN A description of the planned experiment
should follow the introductory section. If you omit the experimental plan and
jump into a narrative description of the actual observations and data collection,
the.. your readers will likely have trouble understanding what you were doing. A
clear statement of the problem means that you understand what you want to do
and that you are focused on a particular approach to solving the problem. For
large projects, a well-described plan is a help when you begin to make flowcharts
of tasks. When assigning work to others, a clear statement of the plan is essential
so that you and your coworkers are on the same wavelength. Because laboratory
experiments are often modified while in progress, the statement of the
experimental plan preserves a record of your original intent. This section may help
avoid unwittingly repeating previous work; therefore, include it in every write-up.

Use simple sentences to state the work to be done. You can clarify your
planned procedure by drawing a flowchart. outline, or numbered list of the
experimental steps. State whether the work will be done by you or by others.

References to previous work can often substitute for writing detailed
experimental plans, but should not substitute for careful experimental planning.
One caution should be mentioned here: Do not confuse this aspeet of notckeeping,
with the rescarch leader’s need to write detailed experimental plans. Many types of
research, especially work in the health, pharmaceutical, and biological fields, must
have detailed experimental protocols. Government agencies that sponsor such
research generally do not require that protocols be handwritten in the lab
notebook, Indeed, such protocols often run to many dozens of typewritten pages
and are not appropriate for the notebook.

Information presented in the introduction should not be recapitulated in the
experimental plan section. The introduction should be a general look backieard at
what has been done to date and the reasons for undertaking the current problem,
The experimental plan should be a look forward, describing the specific work to
be done. If the plan is presented as a list or outline, you can insert the appropriate
page numbers when cach item of the plan is actually accomplished.
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Include notes on safety in this section, along with the properties of the
materials that will be used and precautions for the various operations to be
performed. A table of the properties of the materials you plan to use will he
helpful. Such a table mazy include chemical formula, formula weight, melting or
boiling points, color, viscosity, specific gravity, vapor pressure, and other useful
properties,

THE OBSERVATIONS AND DATA SECTION This section might be con-
sidered the heart of your notewriting because, in it, you actually record the
observations that you make during the course of an experiment. These notes and
data will lead you to accept or abandon a hypothesis and help you decide the
course of future experiments. You must be as objective and honest in recording
your observations as you are in making them.

In this section, you will record raw data (also called primary data): the actual
measurements of variables such as mass, length, intensity, and time. This raw data
is precious. Treat it with the care and respect that you would give to a family
heirloom. Indeed, the data may be passed on to another generation of scientists
who have to trust your observations and make use of your work.

Record the data as compictely as possible and leave interpretation of the
observations for later. With this attitude, you are better able to ncentrate on
your experimental observations. You will be less likely to make mistakes if vou are
not at the same time trying to perform caleulations and draw conclusions. To get
the most from your work, wait until the experiment is cornplete before deciding
which data are useful, which data are useless, and which data need additional
study. This approach implies that you should be thoroughly familiar with the
experimental plan and that you anticipate possible outcomes, even if you favor
only one result. In other words, to paraphrase a famous baseball player, the
experiment isn’t over until it’s over.

However, you should always be on the lookout for the novel, unexpected
happening. As Pasteur observed, “Chance favors only the prepared mind.”” Some
of the most remarkable discoveries in history were based en chance observations,
such as Fleming's discovery of the action of penicillin on bacteria, von Roentgen’s
discovery of X-rays, and Gram’s discovery of the differentiating stain for bacteria,
which now bears his name. When you make an unexpected ohservation, be sure
that you have all the experimental details noted or reproduction of the conditions
that led to your discovery may be impossible,

Be sure that your penmanship is at its best when recording your observations
because an illegible datum inay require repeating some of the work.

Most of the observations and data scection can be a narrative description, a
story, telling what you did and what you saw. Use the first person, if appropriate,
to make clear that you did the work. 1f someone else did the work, be sure that
point is obvious. (Questions of inventorship may have to be resolved on the basis
of your descriptions of who did what, and when.) Write in reasonably brief,
declarative sentences as the work progresses. If you write convoluted or complex
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sentences with many parenthetic phrases, perhaps with chains of dependent clauses
(not a good idea anyway), you will make future reading difficult and may very
well obscure the main points of your work.

General Principles of Recording Data ~ More than sixty years ago, Regi-
nald Hughes wrote, “The cardinal merits of good notes are lucidity, brevity, and
simplicity.” Today we say, “Notes should be clear, concise, and complete.” To
write the most useful notes, you must follow several principles. The most
important principle is that observations and data must be recorded immediately.

You have two good reasons for the immediate recording of raw data, one
obvious and one subtle. Most importantly, the immediate recording of raw data
serves to preserve the research record. If you trust to memory any observations
with the expectation of writing them into the notebook later, you will surely
forget something. For example, don’t try to remember the weight of a sample. If
the phone rings, or a colleague interrupts, you may casily forget what might be an
important number that you had hoped to put into the notcbook. The second
reason for immediate recording of data has to do with keeping your mind clear
and alert while the experiment is in progress. If you hegin to clutter your brain
with minutiae, you will be unable to think clearly about the work at hand. Use
the notebook as a tool to record what you have done or seen and then move on to
the next part of the work.

Simply put, write down whatever happens, when it happens. Don’t wait
until the end of the day to sit down and recollect your thoughts; you must plan
for adequate time to write notes. Don’t try to squecze your notewriting into spare
moments between the more exciting aspects of experimentation. Make notckeep-
ing, like safe working habits, an integral part of whatever you do.

A researcher’s demeanor generally falls between two extremes. Some are
methodical and concerned about every step they take, Pasteur-types (P-types), and
some rush headlong to the lab, eager “to get their hands dirty” without adequate
planning, LeMonnier-types (L-types). L-types keep sloppy and mostly useless
notes, whereas P-types keep the best and most valuable notes. Undoubtedly, you
should have some characteristics of both types within you and bring to the surfare
cither the enthusiasm or the caution, as the situation warrants. Overall, probably
the best attitude is one weighted heavily in favor of careful planning, with
restrained cagerness. 1f you are the type of person who has trouble sitting down
and writing detailed notes or if you like to try out every idea with **just one quick
experiment,” you will have to work especially hard to develop the habit of
patient, complete recording of your work. The job will be easier if you have a
supervisor who has and who expects you to have such an attitude,

You must employ the doctrine of flexibility when planning how to record
your raw data, Formats suitable for recording various types of experimental work
are limited only by your imagination. (Several specific examples are given in the
next chapter.) Any format you select must meet the general criteria for logical
order and legibility. The set-up of data tables should lend itself to ease of
interpretation and should minimize the chances for transcription errors. For
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example, if you are recording data that requires some calculation followed by
plotting (either by hand or by computer), set up your data table so that the
sought-after X and Y coordinates will be in the last two columns or rows. This
arrangement will make the plotting ecasier with less chance of transposing
numbers. Make tables with plenty of room to record the data. Ask a colleague o
check that your original data were transcribed correctly. (Some research protocols
require that all data be checked and initialed by a second or even a third person.)

Page Formats Some people advocate using right-hand pages for the body
of your text and using left-hand pages for calcvlations, drawings, or other
miscellancous activities. From a legal consideration with an cye toward proving
priority of invention and diligence in reduction to practice, you should use every
page in sequence without ever leaving blank pages. (More on this subject in
Chapter 7)) Some notebooks have right pages imprinted with horizontal lines for
writing text and lefr pages imprinted with grids for graphing or making
mechanical drawings. If you are uncomfortable writing text on the gridded pages,
simply cross out the entire left page, sign it. and date it with a phrase such as “No
entry on this page.” A rubber stamp ., convenient for this purpose and can also be
used to mark off unused pages at the end of the notebook.

Writing the Date The date should always be written near the outside
margin of cach page, that is, ending at the right edge of right pages or beginning at
the left edge of left pages. This habit will help vou to find a specific dated entry
when flipping through the notebook some weeks or months after the entry was
made. For example, if you want to review a picce of work that you recall doing in
the springtime 2 years ago (or was it 3 vears ago), you will casily find the entry if
you always write the date in the same way.

Several formats are commonly used ro write dates, but I recommend using
this format: 25 April 1983. Other formats in use include: (American) April 25,
1983 or 4/25/83, and (European) 25/4/83. 25.4.83, and ceven 25.1V.83. The
rationale for the last example is that the Roman numeral is an unambiguous
indicator of the month and is independent of the language in which the notebook
is written. Obviously, 4/25/83 and 25/4/83 are unambiguous dates (unless they
are sample code numbers!) compared to 2/1/83, which could mean the second of
january or the first of February. Computers often are programmed to print the
date in a condensed form, such as 25APR84, that is also acceptable for
handwritten notes,

Many rescarchers have the bad habit of omitting the year in the date entry, 1
have come across entire notebooks in which no year is to be found! Put in the
complete, unambiguous date rather than leave out pare of it. Putting in the day of
the week is a matter of personal choice; it can be omitted with little concern.
However, if you accomplish a particularly significant picce of work you may want
to include a brief phrase such as, *29 Nov 1985, Friday after Thanksgiving.” This
litrle note may serve to jog your memory at some point in the future and may help

to emphasize the certainty of when the work was performed.
-
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PAGE NUMBERS Notebook pages should be serially numbered in the
upper outside corner. Take care not to obliterate the page number with an insert or
with your writing. If your notebook does not have printed page numbers, write
the page number by hand and enclose it in a circle to set it off from the data.
Alternatively, use some notation, like “*p. 29, to make clear that it is a page
number and not part of your data or obscrvations.

Pages must not be torn out or added to the notebook for any reason. Such
action opens the possibility of questioning the authenticity of data.

Getting the Details How much detail should be recorded in your notes?
Could another scientist who is competent in your field pick up your notebook and
repeat your work solely from the written description without additional
explanation? If the answer is yes, then you are doing a good job. Too many details
are better than for you to assume that a future reader (perhaps you!) will know all
about your work. A story told by Nobel Laureate, Sir Geoffrey Wilkinson,
illustrates this point:

Mr. A. J. Shortland made the first synthesis of hexamethyltungsten,
one of the biggest breakthroughs in transition metal organomerallic
chemistry, by a method involving interaction of methyllithium with WCl,
in ether. This was described in . Chem. Soc. Dalton Trans. 1973, 872, as
well as in his Ph.D. thesis in which we had stressed the necessity for
rigorous oxygen-free conditions.

It came to my notice subsequently that some others had been unable
to reproduce the work. Consequently 1 had a new student, Mr. L. Galyer,
try to reneat the work as deseribed and he also failed. Since r. Shortland
now ha. a teaching job at Dulwich College in London, 1 asked him to
come back and demonstrate- -which he willingly did. The crux was that
he had degassed the petrolenm used to extract the evaporated reaction
mixture separately in another flask by bubbling nitrogen through it.
Instead of transferring the petroleum to the reaction flask via a steel tube
and scrum cap technique, he actually removed a stopper and poured the
petroleutt into the flask. This immediately partially resaturated the
solvent with oxygen—irreproducibly of course depending on the pouring
path length, flow of nitrogen out of the joint from the reaction, ctc.

We are pretty sure that the initial reaction excess LiMe + WCl, gave
a lithium alkylate anion of the type Li,[W(IVIMe,] with reduced
tungsten and that oxvgen was required to reoxidise this to WMe,.

We had a similar experience with synthesis of ReOMe, from ReCl,

(. Chem. Soc. Dalton Trans. 1975, 607) in which we utilized this
observation.

If it had not been for Shortland’s sloppy technique we would
doubtless have abandoned work on high oxidation state methyls.

The point of this little story is simply that no experimental detail is too
insignificant to be omitted from your notes. Procedures that have become routine
present the insidious problem of being so habitual that you forget they might not
be known to other people. One way to check that you have recorded all of the
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procedure is to ask a colleague who is familiar with your work to read vour
experimental description. Often what is obvious to the writer will not be obvious
to the reader. In university settings where graduate students are typically working
alone and instructors may have many students each working on a different
problem, the instructor may not be able to review the student’s notes to check for
completeness. Each student must be sure that the notes being written are indeed
comprehensive.

Don’t be embarrassed to describe what you think is 4 sloppy or poor
technique. Your results hinge on what you actually do, not on how nicely you tell
everyone it was done.

In the chemical research laboratory, pay attention to the following details:

® Record all information necessary to unambiguously identify chemical
reagents and other research materials, including the source (manufacturer), lot
number, purity, type of container, and age or expiration date.

& Note whether water was distilled (singly or multiply) or deionized. Was it
stored before use? What is your check on its purity?

® YWhen using an instrument, note the last calibration date. How do you
know it is performing properly? When was the last time that oven or furnace
temperature sensors were checked?

® Usc proper names for labware and vessels. Was the sample weighed into a
boat, dish, crucible, beaker, or flask? What kind of flask?

® Record the materials that vessels are made of: Are your crucibles platinum,
gold, ceramic, graphite, or something else? What procedures were used to clean
and prepare glassware, mixers, reactors, or other vessels?

® In what sequence were the reagents mixed? Was “A”" added to “B” or vice
versa? How precisely were reagents measured? Did *5u use a pipet, buret,
graduated cylinder, or automatic dispenser? Was the balance readable to 0.01 gram
or 0.00001 gram?

® How were materials heated? What was the heating rate? How were
materials stirred? Gently or vigorously? Mechanically or by hand?

® Was the laboratory atmosphere unusually dry or humid, hot or cold, dusty
or smelly? What caused the unusual condition?

® If vou are recording the color of a material, are you observing it under
fluorescent, incandescent, or natural light?

® How long did it take to go from step A to step B? Did the precipitate
appear immediately or after an hour? At what point did you stop working? Did
the experiment sit unattended over the weekend?

Researchers working in pilot-scale plants and other industrial process
operations should pay attention to the following subjects: It is not sufficient to
precisely record a temperature; you must also indicate how and exactly where in
the set-up the temperature was measured or recorded. This variable is very
important in catalysis when temperature-sensitive reactions are being investigated.
Often the recorded temperatures will appear in patent claims or publications and
can cither discredit the author or provide a basis for avoidance of infringement.
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Flow rates in continuous reactors can be reported in many ways. For
example, the volume of liquid per internal volume of the reaction zone may be
used, or the volume of a gas at standard temperature and pressure per volume of
free space in the reaction zone may be used. Mass velocities can be based on the
mass of a catalyst component, including the support. Definition of the units
‘employed is obviously very important when space or mass velocities are reported.
Sufficient information must also be included so that conversions to other
commonly used units can be made.

Yields and reports on conversions per pass present an even greater number of
alternatives and options to the notebook writer as well as a chance for confusion
and error at a later time. These observations can be based on material charged or
material converted, or material converted to the highest value product either
produced or recovered in pure form. The term ultimate yield implies recycle to
extinction of a reactant and you should indicate whether or not a purge stream
was invclved. Many hours of high-priced professional time has been spent
haggling over such differences and omissions in vain attempts to make meaningful
deductions or comparisons.

Reporting acid strengths involves a wide choice of terminology to the keeper
of the notebaok. A lack of uniformity and understanding has led to endless
confusion and argument among lawyers and evaluators. Normality, pH, or grams
per liter have different values depending upon the methods and the internal
standards used.

Many methods have been developed and used to estimate the average
molecular weight of polymers. Reporting the degree of crystallinity, density, and
viscosity of polymers presents similar problems. These methods have undergone
evolutionary changes over a half century. Careful identification of the method
used and definition of the units is very important in recording average molecular
weights.

Dra:: ings A good drawing can save you several pages of writing and
often conveys a better sense of the device you want to describe than words alone
could do. Mechanical devices, novel labware, special combinations of existing
egipment, and electronic circuit diagrams are often the subject of such drawings,
whereas common lab apparatus need not be illustrated.

When making a drawing, keep the following points in mind: Note whether
or ot the drawing is to scale. Whar is the scale> What are the materials of
construction? How are joints or connections made? If you invnt a suiall part thar
(its into an cxisting apparatus, make an overall drawing that shows how the
whole thing fits together. If the device has moving parts, indicate the possible
directions of motion. If material will be moving through +he apparatus, indicare
the directions of flow. Make the drawing big enough to allow labels and
comments to be written alongside appropriate parts. Use shading or cross-hatching
to show features rather than using different color inks.
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Don’t spend extra time making the drawings pretty; they should be simple
and to the point. Ask a colleague to look over your completed drawing to sce if it
makes sense or if it requires clarification.

Graphs In this ape of computers, plotting data by hand is becoming
increasingly rare. Whether vou plot data vourself or with the aid of an
electromechanical contraption, the following features belong on every one of vour
completed graphs:

1. Pur a title and date at the top of the page or immediately under the
graph (like a newspaper caotion).

Label the axes. Purt in tick marks and dimensions on the axes.

Define the plotting symbols in a caption or legend.

Include error bars if you know the error of your measurements.

T IR )

Generally, plot no more than three or four curves on the same
graph. Keep it readable.

6. Use different types of lines (i.c., solid, dashed, or alternate dot-and-
dash) instead of using different colors.

7. Note on or near the graph where the data that were used to plot the
points can be found.

Attaching Loose Sheets Chapter 2 contains a brief discussion of how to
attach items such as instrumental output and photographs to notebook pages.
What kinds of items should actually be attached to the notebook and what kinds
of items should be kept separately in file folders? Generally speaking, charts and
photographs should not be attached to the notebook unless they are needed to
prove an extraordinary point. The accumulation of extra documents between
notebook Hages will break the binding of the notebook. A rule of thumb to follow
is that any picce of paper larger than a single notebook page ought o be stored
separately, correctly  cross-referenced to the notebook page. Correct cross-
referencing means that the original output should be dated, signed. and witnessed
(if appropriate), and the relevant notebook page should be noted. 1f the original
data are securely stored, the notebook only needs to contain a summary or
condensed form of the findings. For example, the original paper stripchart (or
computer hard copy) of an absorption spectrum should be catalogued and stored,
but the notebook entry only needs to state the absorbance at the wavelength of
particular interest,

If ins cuments are printing the results of tests, be sure to record in the
notchbook perrinent information such as the machine's serial or identification
number and its most recent calibration date. Record on the instrumental outpur
(i.e., stripchart or X-Y plot) all of the instrument’s settings, along with the
project and sample identification.

Instrument charts slightly wider than a single notebook page can be attached
to a notebook page and folded to lie across the opposite page when the notebook

No
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iv Taid flat. Under no circumstances should an inseit extend beyond ar outside
edge of a page because it will not fall within the page area deline.ted for
microfilming and the chart edges will become ripped and frayed by ordinary
handling of the notebook

Inserting Specimens Work such as quality control or development of
coatings, fabrics, or films somerimes requires storing samples in the sequence they
were produced, or adjacent to each other for reterence and comparison. Special
notebooks can be purchased that have extra space in the binding to accommodatc
the inserted samples. (See the note on this subject in Chapter 2.)

Code Numitiers for Specimens How should you assign code numbers to
samples or to other written records? Probably the best syscem is to use your
notebook number followed by the page number and if necessary, a sequential digit
or letter. Thus, a strip chart or a sample couid be labelled HMKO02-76a, where
the notebook is number HMKO02, the relevant information is to be found on page
76. and this reference is the first for that page. Because industrial Jab notebooksare
sequentially numbered, this coding scheme produces a unique identification
number (e.g., 11038-76a) that will not be accidentally assigned by another
rescarcher to another sample.

Many companies do have formal sample numbering systems, based on
production lot numbers, department numbers, or simply on centrally issved,
sequential numbers. With the trend toward computer-generated instrumentaf
analyses, many reports are automatically assigned numbers by the computers, If
vour company or department does not have a formal system for assigning numbers
to samples and instrumental output, check what other people have been doing and
select a system by consensus. That way, your colleagues, subordinates, and
superiors will all be able to understand notations in each other’s notebooks and
other documents,

Some companics encourage their scientists to put notebook page references
into reports. Although inclusion of a notebook page number is inappropriate in a
paper intended for publication in the refereed literature, notebook page references
hould be inserted in analytical lab reports, project memoranda, or periodic
research progress reports. Drafts of published papers can be annotated with
notebook 1 ‘erences and filed in the event that correspondents want zdditional
information about published work.

Continuation of Work If your writing is a continuatior of an experi-
ment recorded on previous pages, precede your current entry with the notation,
“continued from page —_." When you come to a stopping po:nt and you cxpect
to continue writing several pages later on, make the notation, “continued on page
" 1If you stop while in the course of a chemical reaction or recrystallization,
note clearly at what exact point in the procedure you stopped and for how long.

Sigring Entries At the end of cach work session or when you reach the
end of a page, sign the page and daie your signature. Have a witness also sign the

~
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page. This aspect is especially important if the work may result in a patentable
invention. (Sec Chapter 7 for more on witnessing.) If you complete your record of
work and do not wish to use the entire page before beginning another page, then
strike a line or X’ through the blank, unused portion of the page. This mark
indicates that you intentionally left that portion of the page unus=d. Do not leave
whole pages blank with the intent of going b k and filling i~ . or discussions
at some later time.

Making Corrections Make corrections to data or calculations by
crossing out the incorrect data with a single stroke, accompanied by your initials
and a brief explanation of the reason for the error. Be sure 1o leave the unwanted
entry legible; it may turn out to have been correct after all! If you want to cross
out an entire row, column, or page of data, put a circle around such unwanted
data along with your initials and a note of explanation. If you perform an
experiment and discover that something went wrong ear!y in the procedure (such
as starting with the wrong solvent or an incorrect mass of material), do not delere
the data. Instead, mark at the top of the page, or in some other prominent spot,
the fact that an error was made and that the correct data can be fou.d on another
page. Many cxperiments will not produce the desired results, but the data
generated and the knowledge gained are usually just as valuable as if the
experiment had succeeded. Nobel Laureate Sir Peter Medawar wrote, in “‘Advice
to a Young Scientist,” “‘If an e¢xperiment does not hold out the possibility of
causing one to revise one’s views, it is hard to see why it should be done at all.” If
you obliterate the data in a fit of anger, you may lose something valuable.

DISCUSSION OF RESULTS Begin the discussion section with a heading
such as, “Discussion,” *‘Interpretation,” ““Evaluation of Data,” or soine other
phrase that clearly separates this section from the data and abservatious.

This section provides you with the opportunity to reflect on what you did
and what you saw during the course of the experiment. Write this section after the
obscrvations are completed. If an idea occur; to you while recording the
observations and data, put it into the notebook at that time to preserve continuity
and document rhe circamstances under which an invention or discovery was made.
However, as a matte’ of general practice, concentrate on making observations
while performing the experiment and concentrate on interpreting the data after
they have been recorded. This section can contain calculations, charts or graphs,
tables of rearranged or interpreted data, and prose ramblings. It is the section in
which you truly “think in the notebook.” An idea may occur once, and only
briefly: catch it while you can and freeze it onto the page for further study.

Often you will want the opinion of a colleague regarding some recent work
and vour interpietation of the data. Many researchers find it a pleasant courresy if
vou hand them a notebook with several pages marked and ask them to take a look
at your writing, rather than try to lecture them about your observations and
interpretation, If you take the time to thoroughly study the data, you might see
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more than your original interpretation. A thorough discussion section is better
than a bricf summary of what you found. Do not use the discussion section to
simply restate the data. Use it instead to understand the data. If the data clearly
fit your hyporthesis, then say so. If the two are at odds, say so and discuss why.
Speculation is appropriate in this section, but not in the section used to record the
observations.

CONCLUSION In this las* section of your notes, you should summarize
the goal of your work, what was done, and what you found. Typically, the
conclusion can be handled in one or two pages for long projects and in just one or
rwo sentences for routine work. The page on which the conclusion appears can be
indexed in the table of contents or marked with index tabs for ready reference.
Several subjects should be included in the conclu 1on: Was the goal of the
experiment achieved? Was the hypothesis (model) substantiated or disproved?
How well did the experimental design work toward achieving the goal? What
should have been done differently? What should be done next?

Some rescarchers like to make their conclusions especially clear by numbering
them. The more important ones are placed first, and the less imjortant
conclusions are last. This idea is a good one. When you sit down to write a
technical paper or teport that is based on your lab notes, having the conclusions
clearly laid out in front of you is indeed a big help. Often you can write the
abstract for your paper by merely copying the conclusion section of your notebook
entry. Looking at it another way, your conclusion secticn shoula contain all the
information that you would put into an abstract describing the work.

Recording ldeas

One of the most important uses of the notebook for the industrial scientist is to
record original ideas. If the idea leads to a patentable invention, you will need to
demonstrate when the idea occurred, who was the inventor, who contributed to
the development of the idea, and how diligent was the invenror in reducing the
idea to practice. These particular aspects of notekeeping are dealt with in detail in
Chapter 7. For now, you should realize that you must record any novel idea that
yvou have as soon as the idea occurs. Indicate the inspiration for the idea. State
whether you discussed the idea with orher people and indicate what, if anything,
was their contribution.

If you do write an idea onto a scrap of paper, be surc to either paste or tape
that note into your notebook as soon as possible. Sign and date the note and have
your signature witnessed. Alternatively, write ihe idea into the notebook as soon
as you can.

Wrire the description of your idea as plainly as possible. Often an idea will
be crystal clear in your head but very difficult to describe to others. A uscful
approach is to write in especially short, declarative sentences after preparing a
<hort outline of how vour invention or new method will work. Drawings can be
especially helpful even if they are simple. When you ask someone to read and
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witness your notes, also ask them if the explanation is clear and complete or if
additional description should be added.

Literature Surveys

Each scientist has a favorite way of making notes while preparing a literature
review. If the review is brief and intended to support a specific experiment, it
should be included in the introductory section of the notebook writeup. If the
literature review will be lengthy, such as a stand-alone nublication, it mav be
better to use notecards, file folders, or a loose-leaf binder to hold the information.
These methods permit easy rearrangement of the material.

If you are starting an especially detailed and lengthy literature survey, you can
set up a notebook with index tabs to mark groups of blank pages that will be
filled in during the course of your research. Each section will be devoted to a
different topic of the literature review. This method keeps related notes together
and minimizes the chances of losing a piece of paper with important notes. You
can easily carry your notebook into the library or wherever your research takes
vou. On the negative side, this method has two significant disadvantages. First,
using a bound noteoook inhibits you from physically rearranging the notes into a
more logical order when preparing the actual draft of the report. Second, you will
be jumping to different sections of the notebook and vour notes will not be in
chronological order. This point may be unimportant for the academic researcher
but may cause some trouble for the industrial researcher who 1 concerned about
demonstrating continuity and diligence in the notcbook.

Computer programs are available to record notes and to create outlines and
indexes for reports. Word processing programs are commonly used to write the
entire text of scientific papers. If you have aceess to one of these programs, use it
in preference to a notebook for preparing lengehy literature review articles.

The Notebook as a Training Record

One of the handiest uses of a notebook is to keep track of new methods,
techniques, procedures, or other lessons vou learn on the job, For example, when
vour hoss says that you will be traine { to operate a new instrument, bring along a
notebook to record the instructions that you will receive. Even though vou may be
given an instruction manual of information shects about the apparatus, vou will
also gain insights into the machine's operation from the instructor, some of which
are never formally written down. These little “hints™ are often juat as important
(if not more so!) than the manufacturer’s original instructions. Ask questions and
take the time to write down the answers. The act of writing in the notebook helps
you to remember. Then, bring the notebook with you when you begin to operate
the equipment and continue to record useful information about the machine's
quirks. I have notebooks in which T continue to make such notes several years after
having been introduced to a new instrument.
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Another reason to record your lessons in a notebook is that you can have the
instructor look over the notes to be sure that your understanding of the
instructions is correct, If you then follow your written operating procedures, you
will be less likely to get yourself into trouble with the boss.

Notebooks with More Than One Author

In some situations, more than one person will make entries in the same notebook.
Experiments thar run continuously, such as pilot plant or scale-up operations,
often have workers on hand around the clock to monitor the equipment. The job
of taking periodic readings of instrument dials has largely been taken over by
automatic recording of the information, Still, a person is often required ro make
notes on the performance of the equipment and the appearance of the product.

If several people will be making notes in the same book, get together before
beginning the project and briefly discuss any special aspects of rhe notckeeping
process such as data tables, symbols, or shorthand notations to be used. Few things
are more frustrating than beginning a shift and not being able to decipher the
previous person’s notes. Because you are writing especially for others, write legibly.
If in doubt, spell out your comments rather than use abbreviations, Note the time
of an event by using a 24-hour clock (military time) or by including a.m. or p.m.

Each person who makes a notebook entry should be sure to initial the entry
so that any subsequent questions about the work will be addressed to the right
person,

As mentioned in Chapter 4, some companies permit only professional staff to
make notebook entries if the work may lead to a patentable invention. Technicians
are permitted to enter data if they are under the direct supervision of a
professional, The entry is immediately signed and dated by the technician, but the
bottom of the notebook page is signed, dated, and witnessed by professional staff
members. 1f technicians have not been thoroughly instructed in the legal
ramifications of notekeeping, give them specific instructions just before they are ty
record their work. Probabiy the most important instruction is for the technician to
avoid any sort of speculation and to record the facts exactly as they are observed.

Many Projects in One Notebook

If you are engaged in technical service work, technical marketing support,
materials failure analysis, or forensic science, you will find vourself involved in
many brief, remarkably different projects, each lasting from a few hours to a few
ds .. What is the best way to set up the notebook for this sort of work?

Begin with a preface (at the front of the notcbook) thar describes your
position and th. vpe of work that will be recorded in the netebook. List the
insrruments, reagents, and procedures you will use. A table of abbreviations for
these common items will shorten vour daily notckeeping. If other people or
departments routinely pet involved in your work, then include their names and job
titles in vour table of abbreviations.
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Start recording each project on a new page. Begin as you would for a rescarch
project by writing the date, project number, and project title at the top of the
page. If vou know the name of the client or department for whom the work is
being performed, make a note of that, too. When you start the work, make an
entry for this project in the table of contents to help you find the proper page
quickly when you need to record additional information.,

Next, for the purpose of an introduction, write a few sentences stating the
specific problem thar you have been asked to solve. Do not speculate on the cause
of the problem until you have sufficient data to make an educated guess. Idle
speculation at this point can haunt you later if, for example, you are called to
testify about the work.

Many technical service projects call for careful documentation of samples
received for examination. Your organization may have a quality assurance program
that spells out the specific routine to follow in receiving and identifying samples
before work can begin. If documentary photographs or other information has been
supplied to vou, be sure that you record that fact in your notebook and cross-
reference the files in which that information is stored.

Record your work on the problem by following the guidelines presented in
the previous sections. Have vour data and calculations checked by a coworker if
needed. You must remember to note instrument calibrations and procedure
validations if vour results might be used in litigation. Describe any communication
that you have with the client or with a colleague that bears on solving the
problem, Clearly label the sections in your notebook so that no confusion exists as
to which section contains factual data and which section contains your opinions
and intepretation of these data.

Finally, make a clear and carefully worded summary of your work under the
heading “Results’ or “Conclusion.” Preface your conclusion by a phrase such as
“The evidence suggests. ..’ or “I found evidence of...." Draw together a
summary of your observations that led vou to the conclusion. Do not fix blame
for the problem on any person or organization unless vou have additional,
substantiated information to do so. Stick to a discussion of your specific
evaluation of the materials in question. Sign and date after the last line of your
entry and have vour notes witnessed by the appropriate person. If samples or
related documents are to be stored, make a note at the end of your notebook entry
of where and under what conditions the materials are stored.

To make vour job a little easier in the future, vou may want to build a
keyword cardfile or computer-based index with references to the problems vou
have studied and their resolution. Annotating the table of contents or writing an
index at the back of the notebook can serve the same purpose.

A Final Word on Grammar, Style, and Tone

The purpose of writing notes is to someday read them. In the words of Reginald
Kapp: “In the end the proud scientist or philosopher who cannot be bothered to
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male his thought accessible has no choice but to retire to the heighrs in which
dwell the Great Misunderstood and the Great Ignored, there to rail in Olympic
superiority at the folly of mankind.” To protect their work, some notewriters are
especially cryptic. Leonardo da Vinci wrote his notes in mirror style so that they
appeared to be gibberish to the average person. The fictional inventor, Tom Swift,
Jr., wrote his notes in a code that only he and his scientist-father could
understand. However, the average student and working scientist should write
plainly and clearly. (Protect the physical contents of the notebook in accordance
with the principles given in Chapter 4.)

You will find no finer and more succinct tutor in proper writing than The
Elements of Style by William Strunk and E. B. White. Read it.

(3‘"
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Examples of Notebook Entries

his chapter provides examples of the proper method of entering a variety

of laboratory notes. Figure 6.1 is an example of an apparatus sketch.

Dimensions are given, and the direction of gas flow is shown. A detailed
explanation of how to use the apparatus would be found in the text of the
experiment. items shown in the figure can also be numbered for reference in the
text.

Figure 6.2 contains seven pages from an industrial rescarcher’s notebook
describing an organic synthesis that may lead to patentable new products. in a real
notebook, such notes are often s itrered among pages describing other work.

Figure 6.3 contains four notebook pages that show data talulation, plotting
of results, and calculations. Note the headings at the beginning of cach section.
The reference to a previous procedure eliminates a redundant description. A
discussion of the results normally would follow the calculations.

The two »ages in Figure 6.4 illustrate the process of “‘thinking in the
notebook.” They show the very beginning of a rese. rch project. Supplementary
information will be collected in other files, and computers will be used to write
the actual proposal and to caiculate budgets. However, the notebook is the best
place to record questions, answers, and ideas about a project.

A format for recording quality-control data is provided in Figure 6.5, In
advance, set up as many pages as required in the same formar. A rubber stamp can
be made with the appropriate headings so that only the blanks need to be filled in.
If cach page is set up the same way, the results can be easily read and transcribed
for analysis. Alternatively, the form can be printed or photocopied onto separate
sheets of paper called beneh sheets. Using the notebook has the obvious advantage
of keeping the pages bound together, in sequence.

Students should record observations of a teacher's lectur: -demionstration in a
notebook (Figure 6.6). This exercise is good practice for descriptive writing, Note
the use of personal pronouns to tell the story.

0906-5/85/0081/%806.25 1
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Figure 6.7 is an example of a page from a personal diary. The subjective
viewpoint of the entries would be out of place in a proper laboratory notebook.

Even if instruments are computer controlled, a hand-written instrument
logbook is easy to keep, always available, and portable. The instrument’s recent
performance and calibration can quickly be found, An example of a page from an
instrument logbook is shown in Figure 6.8.
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Patents and Invention
Protection

very researcher dreams of making a breakthrough discovery or invention

that will establish a place in history and ensure financial rewards.

Occasionally that event happens. More often than not, however, the day-
to-day grind of laboratory investigation eventually results in an improvement in an
existing process or substance. In either situation, the inventor (or, more likely, the
inventor’s employer) must choose how to profit from the invention and how to
protect the company’s investment in the invention. Two options are usually
available: trade-secret protection or patent protection. In the first option, the
invention may be kept secret and used by the inventor's company without
disclosing to the public how the invention is made. This approach is most likely to
succeed if the invention is extremely difficult to duplicate by reverse engineering.
(The formulation for Coca-Cola is probably the most famous example of a well-
kept trade secret.) However, if someone figures out how to make the invention,
the value of the secret will be lost.

A patent, on the other hand, gives its owner the right to exclude others from
making, using, or selling the invention for the length of time that the patent is in
force. This right is given by the federal government in exchange for the inventor’s
public disclosure of how to make and use the invention. A patent can be issued
only to the true inventor. and the invention must be new, unobvious, and useful.
A trade secret may be profitable for as many years as the secret can be kept,
whereas the life of a patent is relatively short and limited by statute.

The notebook serves three major functions in the arca of sccuring and
protecting patents, First, the notebook provides some of the information needed to
decide whether to apply for a patent. Second, the notebook is one of the major
sources of information needed to prepare the patent application. Third, if the

0906-5/85/0103/%06.00/1
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104 WRITING THE LABORATORY NOTEBOOK

paterr is challenged by someone else claiming to be the inventor, the notebook
will be used as part of the original inventor's evidence of when the invention was
conceived and when it was first demonstrated.

You will never know in advance when your notes might be needed to prove
that you were the original inventor and that vou conceived or built an invention
on some particalar date. Keep notebooks according to sound principles at all
times, not just when your work is likely to “get patents.” In this chapter, we will
examine how the notebook is used to help secure patents and invention protection.
The general principles presented are applicable in most industrial organizations.
However, you should be aware of (and follow) specific procedures recommended
by your company’s patent counsel.

Patent or Trade Secret Protection?

The research scientist must realize that the decision to practice an invention as a
proprictary product or to patent the invention is a business decision. The scientist
can best assist the managers and lawyers who make that decision by supplving
complete details of the invention’s conception and subsequent  reduction to
practice. Those two terms require some explanation. Conception is the
formulation of the invention in the mind of the inventor. (If several people
contribute ideas that lead to the concept of the invention, they mav be
coinventors.) Reduction to practice is the actual carrving out of the invention, such
as the first experimental demonstration proving that the invention works. Building
a working version of the invention simply to show that it does work may be
impractical. If so, the filing of the patent application is termed constructive
reduction to practice.

Corporate management must assess the cconomic feasibility of an invention
to determine whether or not to file a patent application. Maynard (1) lists ten
questions to consider in deciding whether or not to file a patent application. Five
of these ten questions should be answerable simply by perusing the inventor's
notebook: (1) What is the invention? (2) When was the invention made and where
is the experiment recorded? (3) Has the invention been disclosed publicly? (4)
What is known about prior work in the ficld? (5) How complete are the data?
Responsibility rests on the inventor's shoulders to make sure that research records
are complete, timely, properly witnessed, and in accordance with the emplover’s
guidelines,

If the decision is made to go ahead with a patent application. the inventor
(or someone acting on the inventor's behalf) prepares a memorandum for the
patent attorney called an invention disclosure. An outline that can be used in
writing such a disclosure is given in Appendix 11 of Reference 2. In preparing an
invention disclosure, the following information i usually needed: the names and
addresses of the inventors, the date of conception of the invention, the date when
a working model of the invention was demonserated. a description of the
invention, an explanation of why the invention is novel, the uses of the invention,
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and a list of how and when the invention has been discussed or shown to others.
Most of this information comes straight from the inventor’s notebooks. All
information in the invention disclosure should be backed up by primary
documents in project files, such as the inventor’s original notes and data.

The attorney will prepare a draft of specifications and claims to be used in
the formal patent application that is based on the invention disclosure and
consulrations with the inventor. When reviewing these draft documents, the
inventor must check for technical accuracy and to be sure that information in the
documents is consistent with research records including lab notebooks and project
files.

Important Notekeeping Details

United States patent law gives priority to the first person to conceive of an
invention and then proceed to make a working version of the invention. According
to Title 35 of the United Staies Code, Section 102(g):
In determining priority of invention there shall be considered not only the
respective dates of conception and reduction to practice of the invention,
but also the reasonable diligence of one who was first to conceive and Tast
to reduce to practice, from a time prior to conception by the other.

If another party files a patent application for substantially the same
invention. the Patent Office will begin an interference proceeding that will result
in a ruling as to whom the patent should be awarded. (Interference proceedings
can be started in several ways as can later court challenges to the patent.) Only
about 1% of the patent applications filed with the Patent Office become involved
in an interference proceeding (3). That number may seem like a small percentage,
but over 100 thousand patent applications are received every year. Thus, over 1000
interference proceedings are instituted annually. To provide the most uscful
evidence for your case, pay special ateention to the following notckeeping details:
(1) recording conception ot an invention, (2) continuity of the record, (3)
witnessing, (4) recording disclosures, and (5) speculation.

Recording Conception of an Invention

When vou have that flash of insight, that “Ahal™ experience that leads vou to
invent something, write vour thoughts into the notebook without delay. Deseribe
the factual circumstances surrounding vour invention. Note whether convercations,
correspondence, journal articles, or perhaps a chance observation contributed te
vour invention. Give credit where credit is due to others who contributed to the
conception of the invention. However, avoid using a phrase such as, It is obvious
from prior work that...."" If your notebook is not at hand and vou will be
unable to write in vour notebook for several hours or fonger, write vour thoughts
on a picce of good quality paper with permanent ink, and sign and date the paper.
] ater, when vou sit down to put the thoughts mto your notcbook, vou will have
already documented the circumstances under which you made the invention.
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There are two schools of thought about putting such notes into the
notebook. One school advises that putting any small pieces of paper into the
notebook raises suspicion that the note may be out of chronological sequence, that
it was aserted intc a place in the notebook for selfish reasons (i.e., to establish an
early date of invention). (I have actually heard of a lawyer who demanded in court
that a scientist unglue a pasted-in note to prove that a previous entry was not
being concealed.) This school advocates that the best and only way to document
conception of an invention in the notebook is to make a regular entry,
handwritten directly in the notebook, that is signed, dated, and witnessed ar the
earliest possible convenience of the inventor. Pieces of paper taped to notebook
pages should never be relied upon to prove anything,

The other school of thought advises that because an inventor’s notes are
deemed by the court to be self-serving, and because any testimony must be
corroborated by a disintcrested witness, pieces of paper may be inserted into the
notebook if they are properly witnessed. The note itself should be signed and
dated by the inventor, and the witness can sign and date the note by writing across
the edge of the note and onto the notebook page to which it is attached. (See
Figure 7.1.)

A few hours difference in the time between actual conception of an invention
and the time that it is written into the notebook is unlikely to make a significant
difference in protecting your priority of invention. Delays of several days, on the
other hand, may very well be significant. Therefore, if you will have access to your
notebook within the day on which an invention is conceived, do the following:
Write your thoughts onto whatever paper is handy as soon as the invention is
conceived. This action serves to fix the time, date, place, and circumstances under
which the invention was actually conceived. Then, transcribe your notes into the
notebook as soon as possible and have them witnessed as soon as you have
finished writing the details in ~he notebook. This action ensures that a witness can
corroborate the date on which the invention was conceived. If you will not have
access to your notebook for several days, try to find a competent witness who can
sign and date your little note. Later, when you do attach the note to the notebook,
make sure the attachment is properly witnessed at that time. Remember, you will
only be able to prove the earliest date for which you have a corroborating witness.
An unwitnessed written description of a new invention is little better than no
description at all when proving the date of conception.

Continuity

If your patent is the object of an interference praceeding, you will need records to
substantiate the date of conception and your diligence in reduction to practice.
Proving diligence can be very difficult, but the notebook ~an help perhaps more
than any other device. To demonstrate diligence, vou must show that vou worked
continuously on your invention, that you did not set it aside or abandon it. In
highly competitive fields, the inventor should take special pains to show that work
to make the first working version of the invention was continuous,
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Figure 7.1 An example of bow to attach a small note to a notebook page. The archival
quality mending tape described in Chapter 2 was used and is virtually invisible. Note the
signatures of both the author and a witness. The witness is required to corroborate when
the note was entered into the notebook. The notation “Nothmg underneath’ emphasizes
that the note was not back-dated to suggest an earlier-than-true date.
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To show that you were indeed diligent, do the following. From the time
when an invention is conceived, make an entrv in vour notebook on the subject
every day. If you did not work on the invention for several days, explain why not.
For example, if you were waiting for samples to come back from another lab or if
parts for vour apparatus were being made in the machine shop, then say so. If vor
thought about your invention but did not make any significant progress, then
record what vou thought about. If vou were away from work due to iliness or
vacation, then make thar clear. Have a competent witness sign vour notebook as
the work progresses, and let no more than a few days elapse before subscequent
witnessing. Remember that vou are trying to show in your notebook that vou were
striving diligently to make vour invention workable.

Witnessing

If vour patent application becomes the object of an interference proceeding or
other legal challenge, you may be called to testify about the circumstances
surrounding the conception of your invention and vo.  tempts to reduce the
invention to practice. You may be questioned during the legal process called
discovery, and you may be asked to give a sworn deposition on the subject of vour
invention. Your notebook (or a facsimile of part of it) will be introduced as
evidence to support vour testimony. However, the testimony of an inventor is
deemed to be self-serving and must be corroborated by a witness who is not a
coinventor. Who can serve as a witness? Current interpretation of the law requires
that the witness be someone who is technically com,.cient to have understood vour
invention at the time it was conceived.

As a guide for selecting a competent witness, consider the following. The
specification for the invention submitted in the patent application must be . . . in
such full, clear, concise, and exact terms as to enable any person skilled in the art
to which it pertains. . . to make and use the same™ (4).

S. B. Williams stated (), “A person having ordinary skill in the art is a
person who understands and is knowledgeable about prior inventions in the field
to which the invention relates.” If vou use this definition as a guide for finding a
¢.mpetent witness, two other considerations are important. Anv witness vou
choose must be trustworthy because he or she may have to testify or provide
depositions on vour behalf. For the same reasons, choose i witness who will be
available for the next few vears in case his or her testimony is needed.

J. H. Wills (6) recounts the case of Scharmann vs. Kassel (7) in which the
witnesses” testimony was found by the court to be even stronger proof of
conception than the inventor’s own somewhat careless records: *“The forthrighe
testimony which convinced this judge is found in the example of one witness who
said, ‘I distinctly recall that Dr. Kassel on May 6. 1938 disclosed to me sketches of
the design of the apparatus 1 had previously described.” .. the courr said,
‘testimony of both those witnesses. . . stands as positive and forthright corrobora-
tion.... "
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More recently, O. M. Behr (8) gave a taste of just how complicated litigation
can be when new chemical compositions of matter are involved: “In considering
the witnessing of a conception, it is necessary for the witness to understand what
is being proposed. This is not the case in corroboration of reduction to practice,
All that is required is that the witness be able to testify to what was actually
done.”

Behr goes on to cite (9) the example of a case in which a new microbiological
preparation was conceived: the substance was synthesized by the combined efforts
of several people, and its natu.e was confirmed by still others. Most of the records
involved in this case were unwitnessed, but **. . .the court held that while there
was in fact a gap in the actual corroboration of the synthesis of the compound,
there was such a cohesive web of circumstance around this work that it was
reasonable to assume the truth of the matters alleged by [the inventor].”

This story suggests that, although circumstances might lead to winning the
case if “the truth” is on your side, properly witnessed notes are preferable. In
recording the rescarch surrounding the invention of a new composition of matter,
you must know and demonstrate the composition of reagents, starting materials,
intermediate compounds, and the products of your work. Witnesses must be able
to provide convincing testimony, backed by analytical and other records.

Often during pretrial gathering of evidence, one side feels that  has
sufficient evidence in its favor to suggest a settlement with the opponents before
the case goes to trial, Well-kept records can no doubt provide your company with
such evidence and may save your company considerable additional legal fees, time,
and embarrassment.

This discussion suggests that some of vour colleagues and even vour
supervisor may not really be the best witnes s for your notebook. Do not consider
someone from your clerical staff or a local notary public as a competent witness.
Technicians working under your supervision may be acceptable witnesses if they
are extremely knowledgeable about the invention and will definitely not be named
as coinventors. A person who is reading a notebook as a witness rray have an idea
that may lead to coinventorship. In that cevent, simply have subsequent entries
witnessed by another person.

The witress must make clear what he or she is witnessing, Has the witness
simply read the entry or actually observed an experiment? This matter can be
made clear by having the witness's signature preceded by one of the following,

phrases: “This page read and understood by _—__ (signature, date)™ or
“Pages ___ through __ read and understood by ______ (signature, date).”
If appropriate, one of the following phrases may be used: “Experiment observed
by —_ (signature, date),” “Operation of this apparatus observed by

_— (signature, dare),” “Material tested in my presence
(signature, date),” or “Samples synthedized in my presence
(signature, date).”
If, on the other hand, a witness simply signs a netebook page “Witnessed by
me ——__ (signature, date),” doubt can exist as to exactly what was
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witnessed. Was the inventor’s work, the notebook entry, or perhaps just the
inventor’s signature witnessed?

In the field of novel compositions of marter, new chemical processes, and the
like. the work should be repeated as soon as possible after the invention has been
made. The work must be repeated by someone following the inventor’s descrintion
of how to make or use the invention. The work can be repeated by anyone as long
as that person can be reliably cxpected to serve as a witness if needed. Such a
person should write a description of the repeated experiment into the inventor’s
notebook and sign and date the entry. The experiment may be observed by several
people who also serve as witnesses. This procedure corroborates the inventor's
work.

If you are asked to be a witness to a colleague's notebook, be sure that vou
indeed understand the subject of the passage that you are witnessing. Ask the
writer questions if anything is unclear and do not be afraid to suggest that the
writer expand an explanation, drawing, or description to improve clarity and to
remove any ambiguity. You may be called to testify about the notes or we=k that
vou witnessed; once you have been *‘raked over the coals” by opposing counsel you
will appreciate the importance of being a competent witness.

If you observe a demonstration as a witness, be sure to record that fact in
either your own notebook or the notebook of the inventor. Your oral testimony
alone will not be considered as reliable as vour notebook entries, especially if
significanr time has clapsed since the observations were made.

As a summary of the subject of witnessing, the following is from a Patent
Office publication (10): **Your priority right against anyone else who makes the
same invention independently cannot be sustained except by testimony of someone
else who corroborates your own testimony as to all important facts, such as
conception of the invention, liligence, and the success of any tests you may have
made.”’

In other words, all of your hard labor may be for naught if proper witnessing
is neglected.

Recording Disclosures to Others

To protect yourself against theft of your invention, keep knowledge of the
invention confined to a close group of people. If you discuss the invention with
others, make a notebook entry describing to whom the invention was disclosed
and under what circumstances. Note if the other person made a significant
contribution such as a suggestion to modify or improve the invention, or possible
uses. If an invention was jointly conceived, then make that point clear. Often, you
as the inventor will come up with a good idea after putting together fnformation
from various sources. Note dates, times, places, and events of significance that
might have some bearing on establishing your priority as the inventor.

If vou submit a written description of vour invention to anvone (i.c., a
colleague at another institution or a journal), note when you sent the description.
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Cross-reference your notebook to your copy of the correspondence. If you make an
oral presentation about your invention, note that fact. If discussion ensues, note
the general theme of the discussion and name the people present, if feasible, If you
attend a staff meeting to discuss your invention, take along your notebook and
make your notes directly into the notebook rather than write them on a tablet for
later transcription into the notebook. This practice will (1) save you the time of
transcribing the notes later, (2) reduce the chances for errors or inaccuracits when
vou later try to recall elements of the discussions, and (3) provide a witress to
your notes—another person who was at the meeting can witness your notes as an
accurate account of the discussions.

Speculation

‘The notebook is mainly a collection of facts. Speculation, however, is very
appropriate in one special citcumstance: when you are suggesting novel uses for a
new invention. This section is important for two reasons. First, an invention must
be useful in order to be patentable. Second, a new use for arn established material
can be patentable. For example, the use of aspartame as a food sweetener is
covered by a patent, although aspartame itself is a naturally occurring substance
and is therefore unpatentable as a new composition of matter.

Wild speculation (or brainstorming) on possible uses for your new invention
is appropriate. Remember, the experimental sections of your notes should contain
complete, factual accounts of your work, including positive and negative results.
However, avoid suggesting that your invention is unsuitable for certain uses. If
you record that you see no practical uses for your invention, you may be seen by
the court as having abandoned your invention.

Protection of Trade Secrets

Most. if not all, of your notes are the proprictary property of your employer and
are subject to laws on trade sccrets. (This subject is discussed in Chapter 3.) Any
invention should be discussed only with people authorized to learn about the
invention, and notebook pages should not be copied or distributed without
permission from management. The notebook should be safely and secarely stored
(see Chapter 4) to minimize the chances of loss or theft.
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The Electronic Notebook

omputers are performing many of the notekeeping functions that the
rescarch scientist traditionally did with pen and paper. These tasks
include sample documentation, instrument calibration, raw data collec-
tion, and data reduction. In considering the role of computers as electronic
notebooks, we should make a distinction berween the laboratory that does mostly

~routine work (e.g., chemical analysis or quality control testing) and a rescarch lab
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in which an exp riment is rarcly repeated. Semiautomated and fully automated
systems for sample preparation, analysis, and report preparation can drastically
reduce costs in the labor-intensive analytical lab. The analvst’s job can be made
safer and casier by such automation, and the possibility of making mistakes is
minimized. However, the analyst rarely needs to sit down and write notes the way
a rescarch scientist does. In rescarch laboratories, expository writing  (e.g..
deseribing an invention, stating a hypothesis. or sketching chemical structures and
reaction mechanisms) is still done in a handwritten notebook.

Most goud notekeeping practices developed for handwritten records can be
used with the newer systems. In addition, the power of today’s electronic systems
suggests several areas in which these electronic systems can be superior.

The shift in rehance from the traditional paper-based system to clectronic
“paperless” systems raises many hopes and many questions. This chaprer has two
purposes: (1) to compare the advantages and disadvantages of both electronic and
paper-based notekeeping systems, and (2) to discuss the features in an electronic
system that will make it truly worthy of the title, “*the clectronic notebook.™

Recent reviews have been published on the subject of laboratory computer
networks (1) and workstations in the laboratory (2). The proceedings of a
symposium devoted to laborator, automation have also been published (3). These
three references give a good overview of the state of the art of laboratory
computers.

09065 850113 $06.00 1
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On the following pages is a summary of the advantages and disadvantages of
traditional, handwritten notekeeping systems and computer-based systems. Because
automated data acquisition is already common in testing laboratorics, the
following comparison focuses more on the type of notebook entries that are made
by scientists in research laboratories. The purpose of this comparison is to
stimulate discussion among users and producers of electronic notebook systems
regarding desirable features of future systems.

Comperison of Electronic and Handwritten Notebooks

TASK—Writing and Reading the Notebook

THE HANDWRITTEN NOTEBOOK  Advantages  Everyone knows
how to write notes by hand; only paper and a pen are required. The notebook is
always ready and there is no need to gain access or log on. Drawings can b made
to fit exactly into the available space. Figures, tables, and graphs can be casily
placed together on the same page, if wanted. Pages can be quickly flipped and
side-by-side comparisons of notes can be made casily.

Disadvantages  Sloppy handwriting is often hard to read and data can be
misrcad. Data can be lost if something is spilled on the page. Pages can be
accidentally torn and notes can be obliterated by solvents.

THE ELECTRONIC NOTEBOOK Advantages Output on visual dis-
plays is highly iegible. Input can be much faster than handwriting if the author is
a good typist. Automated data acquisition systems can provide unattended,
virtually error-free collection of raw data from instruments. Integration of text,
graphs, or data tables is possible. Automated searching can be used to quickly find
references to any particular topic. Systems with graphics capability can produce
high-quality drawings. Several people can have simultaneous access to the same
data so that supervisors can check up-to-the-minute progress of work, even from
distant research centers. Automated page readers can be used to turn handwrirten
notes into clectronic notes that can be combined and stored with other data. Voice
synthesizers can speak the words to visually impaired persons. Manufacturers
claim that error deiection schemes can produce perfectly accurate records of the
collected data during initial writing onto optical storage media.

Disadvant ages Typing skill is required to enter data cfficiently. The user
must learn how to use the particular system. (By comparison, skill in handwritten
notekeeping can be taken to any iob.) The computer or a terminal must be in the
work area and must be accessed (i.e., it must be turned on, programs musy =
loaded, and the user must be logged on). The system may be unavailable when
needed. Problems with the computer can cause information to be lost during the
process of data entry, and the information must be reentered. Long sessions at the
console require well-designed computer furniture and apyp- priate lighting to
minimize fatigue.
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TASK—Transporting the Notebook

THE HANDWRITTEN NOTEBOOK  Advantages A bound notebook
is small, lightweight, easy to carry anywhere (i.e., to the conference room, lab,
pilot plant, office, home, or into the field). Use is not limited by the lack of
electricity or air conditioning, or by the oresence of high humidity or dust., Sturdy
case-bound notebooks can be handlea quite roughly with little consequent
damage.

Disadvantages ~ Notebooks can easily be misplaced when moved about.
If not properly labelled, notes may be lost.

THE ELECTRONIC NOTEBOOK  Advantages  The location of the
computer or a terminal is always known. (A terminal or small computer cannot be
easily misplaced!) Some small computers can be taken anywhere you can take a
book, although computing power is relatively limited. Large volumes of
information on optical or magnetic storage media can be sent to remote locations
at relatively low cost. Data in electronic notebooks can be exchanged rapidly over
long distances, if necessary.

Disadvantages ~ Most computers currently useful for notekeeping are not
portable and must be used in dry, temperate atmospheres. A source of power is
always needed. Magnetic storage media are susceptible to corruption by stray
magnetic fields, dirt, moisture, and rough handling encountered during travel.

TASK—Ensuring Security of the Notes

THE HANDWRITTEN NOTEBOOK  Advantages  Notebooks can simply
be locked up for safekeeping in a convenient place such as a desk drawer, The
notebook’s author, as well as others, has easy access. Because of witnessing
requirements for a properly kept notebook, collusion would be needed to forge
entries or to change dates that will stand up in court. Data generally cannot be
obliterated or altered without leaving some trzce of the zlteration.

Disadvantages  Notebook pages can be easily copied and distributed.
Data can be intentionally or accidentally obliterated. Notebooks are susceptible to
several forms of damage (see the following section on storage). Notebooks can be
taken from the premises without permission of management.

THE ELECTRONIC NOTEBOOK  Advantages Access can be strictly
limited throngh a combination of user accounts passwords, and other security
measures. Several levels of access can be established such as *‘read only,” or “‘read
and add but cannot alter.” Entries can be date- and time-stamped by the system.

Disadvantages No commercially available system is capable of proving
who was the author of a particular notebook passage, and no provisior: is allowed
for witnessing. Data on magnetic media can be overwritten by the notebook
author because there is no “‘write-once-only” system. (Optical disk technology
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will perhaps provide this capability.) Chronology of entries is subject to question
if files are not strictly sequential and unalterable.

TASK—Storage of Completed Notebooks

THE HANDWRITTEN NOTEBOOK  Advantages Notes written with
archival quality ink on permanent-durable paper will last indefinitely. Storage is
relatively cheap and requires cont-olling the temperature, humidity, and physical
security.

Disadvantages Paper-based records are susceptible to attack, by fire,
bacteria, insects, or rodents, for example. If low quality paper was used or if the
notcbooks were improperly stored, the pages may be extremely discolored, fragile,
or illegible after only 10-20 years.

THE ELECTRONIC NOTFBOOK  Advantages High-density storage
media can save a tremendous amount of space over paper-based records. Optical
disk technology can accommodate more than 100,000 pages of text on a single,
thin disk approximately 14 in. in diameter (as of April 1985). Optical disks need
no routine maintenance while in storage. Algorithms and equipment used to read
the optical disks are designed to correct random errors. Combined with the
stability of the medium, this system is said to be capable of limiting errors to less
than 1 bit in 10'* during the projected disk life of 10 years.

Disadvantages Magnetic tapes must be “‘exercised” (rewound and
cleaned) at least once every year to avoid physical “blocking’ of the tape (adjacent
layers of tape sticking together) and to minimize migration of magnetic domains
from one layer of tape to the next. Tapes also need to be read through certifiers or
evaluators every few years to locate and correct errors that have occurred du-ing
storage. Algorithms and equipment needed to read the electronically stored data
must be available and in working condition for as long as the records might be
useful, several decades at least. Storage facility requirements are similar to those
for paper-based records, including temperature and humi..y control, and
cleanliness. (See Reference 4 for a complete discussion of the care and handling of
magnetic media.)

Discussion

Electronic systems suitable for notckeeping can be found in sizes ranging from
desktop microcomputers to laboratory mainframe systems. Several vendors now
supply software meant to be used for data acquisition, data reduction, report
preparation, and graphics. (See the list at the end of this chapter.) However, none
of these systems contains all of the features desirable in a true electronic notebook.

What is missing? First, computer manufacturers and software vendors seem
to be primarily concerned with data transmission speed, computing power, and
interfacing with peripherals. These features are importart in a highly competitive
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field where speed of data acquisition and calculation influence the purchaser.
Security and ease of use are also very important for the note writer. For example, a
scientist can sit down at a desk, pick up a notebook and pen, and begin to write
without worryving about passwords, user accounts, or whether the system is up or
down. This sort of effortless user recognition by the system should eventually be
part of electronic notekeeping systems.

Another shortcoming of today's systems is that their bulk and delicate
construction mean that they cannot be used in many cnvironments into which
notebooks can be carried. Future electronic notebook terminals will have to be
robust and capable of operating in dusty or wet environments.

The electronic notebook should be able to do much more than simply replace
the handwritten notebook. For example, the electronic system should be capable
of stamping the time and date for each entry in such a way that when the entry
was made can be proven. In addition to date-stamping, the electronic system
should have a provision for the electronic “‘signatures” of the author and
witnesses. How might this provision be accomplished? Many systems are
commercially available, or under development, that are based on various
individual characteristics, such as fingerprints or palmprints, retinal blood vesscl
maps, voice recognition, and sensing the pressure and timing of handwritten
signatures on a digitizing tablet. One, or a combination of several, of these
svstems might become a standard method of verifying the authenticity of a
sighature,

How can the time and date of a notebook entry be proven without relving on
a human witness? When a note writer creates an entry of significance that is to be
“clectronically witnessed,” the notebook entrv could be clectronically transmitted
to a computer (perhaps maintained by the U.S. National Bureau of Standards)
that creates a unique checksum out of the notebook entry by using an algorithm
containing the date and time. The checksum is then immediately transmitted back
to the clectronic notebook and recorded. When proving the date of an entry
becomes necessary (for example, in a patent dispute), a copy of the notebook entry
along with the recorded checksum can be sent to the government agency for
verification of the date on which the entry was made. The algorithm for creating
the checksum can be kept secret and changed periodically to minimize the chance
that someone will be able to forge the date-stamp. This method has the advantage
that, whercas the date is verified by a disinterested third party, such as a
government agency, that agency does not have the burden of actually recording
and preserving all the thousands of notebook entries it might receive cach month,

Another area that needs improvement is to make clectronic storage media of
high storage density that have archival stability. Such storage media should be
buman readable as well, This last point needs some clarification. In several
instances, computer-readable documents have been preserved but the algorithms
for reading and deciphering, the information on the magnetic tapes have been lost
(5). The tapes are therefore useless. The electronic storage medium must be either
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directly readable by humans (e.g., through a imicroscope, written in standard code,
or like an ASCIl punched paper tape) or set up so that every storage device is
somehow labelled with instructions for reading it. Such media should not be
device dependent or encrypted in such a way as to make them unfathomable if the
decoding algorithm is lost. By way of comparison. realize that any old notebook
can be simply picked np and read (as long as the language is known to the reader).
So it should be with electronic devices.

What will the future of electronic notckeeping really be like? For the next
several decades, more and more primary data will be recorded directly by
clectronic means. More and more data reduction will be done by computer with
less and less handwriting, The expository writing that the average research scientist
does today will still be done in the bound notebook, signed and witnesscd.
Eventually, however, this sort of writing will be replaced by text entry through a
keyboard or by speaking through voice-recognition systems.

Validation

How do we validate laboratory computer systems, that is, how do we show that
the computer is collecting and recording data without error? Put another way,
how do we know that the computer is doing what it is supposed to do, and that it
will continue to do so?

This subject was addressed recently at an ACS National Meeting (6). A
session was devoted to discussing validation of computer systems and computer
records in regulated laboratories. Most of the discussion concerned work
performed in laboratories subject to the U.S. Food and Drug Administration’s
Good Laboratory Practices, although many of the practices discussed could be used
to advantage in other types of laboratories. According to the participants, at a
minimum computers should be programmed to check for nonsense input (e.g.,
instrument readings beyond working ranges) thus performing one of the analyst’s
prime functions. More subtle errors such as dropping a bit in data transmission
can be handled by error-checking schemes. Recovery after planned shut-downs or
after unexpected failures must include rechecking the validity of the system.

Validation must be done on a case-by-case basis; each lab manager must
know the system’s hardware and software limitations. Users must be aware of
potential weak points in the particular system under question. Tests must be run
to demonstrate that the system does indeed produce the expected results when
running under known conditions. The system must be monitored to ensure that
data collection and recording are being performed correctly.

Summary

® Automated data collection and recording is already well established in
testing, laboratories. In research laboratories, however, routine expository writing
is still done in handwritten notebooks and will continue to be so for some years to
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come. Professors and students who arc not concerned about witnessing and
validation of data as required in many industrial laboratories will find that
existing clectronic notebook systems are quite adequate for most purposes.

® Electronic notebooks have many potential advantages over handwritten
systems, including rapid data entry: security of dara; sharing and high-speed
transmission of data to distant locations; rapid searching and retrieval of specific
information; manipulation of data into graphs, charts, and drawings; and high-
density storage for large volumes of raw dara.

® To realize these potential advantages and to replace handwritten
notebooks in industrial laboratories, clectronic notebook systems must evolve
beyond their present, limited powers. Electronic notebook manufacturers might see
the future divided into several short-term and long-term goals:

Short-term—To be uscful for research notckeeping, existing word-processing
systems for desktop microcomputers can be modified to time- and date-stamp
entrics, and to provide controlled levels of access. A common format for electronic
data transmission will be necessarv to move and share data among different
workstations,

Long-term—The electronic notebook of the future should have the following
features:

® Immediate, sassive recognition of the user.

Data writing by voice.

Unforgeable and unalterable time- and date-stamping of entries,
Provisions for electronic signatures of witnesses,

Small, lightweight, portable; insensitive to harsh environments.

High-density storage media with archival stability, human-readable
format,

Appendix. Microcomputer Resources

The following companies (among others) sell microcomputer software to acquire
laboratory data that can then be passed to database, spreadsheet, or other
programs for computation and plotting:

Bolt Beranck and Newman, Inc. Product: **RS-1” for Digital
10 Moulton Streer Equipment Corporation compu-
Cambridge, MA 02238 ters including VAX, PDP-11, and
(617) 491-1850 Professional 350. Also for IBM

Personal Computer XT and AT.

Laboratory Technologies Corpora-  Product: “Labtech Notebook™ for

tion IBM Personal Computers XT and
255 Ballardville Street AT, COMPAQ computers, Data
Wilmington, MA 01887 General One computers, and other
(617) 657-5400 microcomputers,
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MacMillan Software Company Product: “ASYST" integrared
866 Third Avenue software for data aquisition, anal-
New York, NY 10022 vsis, and presentation for the IBM

PC, XT, and AT.

Comprehensive laboratory information management systems  (LIMS) are
available through many laboratory instrument makers including the following:

Computer Inquiry Svstems, Inc. Hewlere-Packard Company
Division of Beckman Instruments  Laboratory Automation Systems
160 Hopper Avenue 3000 Hanover Street

Waldwick, NJ 07463 Palo Alto, CA 94304-1181

(201) 444-8900
Digital Fquipment Corporation

Perkin-Elmer Corporation [.aboratory Products Group
Main Avenue (MS-12) One Iron Way

Norwalk, CT 06856 Marlborogh, MA 01752
(203) 762-1000 (617) 897-5111

Varian Instrument Group
Laboratory Data Systems
2700 Mitchel Drive
Walnut Creck, CA 94598
(415) 939-2400

The April 26, 1985, issue of AAAS Science, Volume 228, No. 4698,
contained 11 comprehensive review articles describing the status of computers in
rescarch and science education.
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Somie Suggestions for Teaching
Laboratory Notekeeping

Why Teach Laborarory Notekeeping?

It is not unfair to ask, “Why teach laboratory notckeeping at all in school? With
so much for the student to learn about science, shouldn't notekeeping be learned
on the job? Surely cach company has its own rigorous guidelines for notckeeping
that are different from other employers.”

To answer those questions, consider the following points that were
mentioned briefly in Chapter 1. Norckeeping is an acquired skill that can be of
tremendous benefit in almost any career. Proper notckeeping should be a matter of
habit, not a chore and, therefore, should be developed in the student at an carly
age, certainly before the student begins a scientific career. Good communication
skills are important in every job and notewriting is a fundamental personal
communication skill. Regrettably, the ACS Committee on Professional Training
(ACS-CPT) recently stated (1), “Employers of chemists report to the Committee
that a large fraction of baccalaurcate chemists write and speak poorly.” The
Committee went on to recommend, “Laboratory work should give students
hands-on knowledge of chemistry and the self-confidence and competence to. ..
keep neat, complete experimental records. . . . Frequent exercises in writing and
speaking, critically evaluated by the chemistry faculty, are an essential part of a
sound program in chemistry."

Most employers have specitic rules for notekeeping. Although cach set of
instructions may be worded a lirtle differently, all have approximately the same
basic requirements and can therefore be taught at all schools. Specific notekeping
duties will of course be different ar difierent companies; notekeeping duties within
a company will vary at differenr jobs. However. the principles of good
notckeeping for working effivient!y and for protecting iaventions are the same at
any job. An understanding of these principles and knowledge of how to
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122 WRITING THE LABORATORY NOTEBQOQOK

implement them is precisely the sort of skill that students should have before they
begin job-hunting,

A prospective employer may ask the student to make a presentation on the
subject of the student’s research work. Such a session gives the company a chance
to learn about the student’s oral communication skills. The student gets quizzed to
find out just how well he or she knows the subject matter, A company will
sometimes request a copy of the student’s thesis or dissertation, if it relates to the
subject of the pending job. A wise corporate recruiter will also ask to look at the
student’s notebooks—ijust a glance can yield an excellent insight into the student’s
attitudes about neatness, thoroughness, attention to details, clarity of thought,
and clarity of expression, Students should be proud to show their notebooks to
recruiters as an example of an important and well-developed skill.

When to Teach Notekeeping?

What is the best age for students to learn notekeeping? Knowledge about
laboratory notekeeping should be a three-step progression as the student advances:
(1) The grammar school student begins to understand that a scientist makes a
record of every experiment. (2) The high school student learns clear exoression. (3)
The college student learns the detailed principles of proper notekeeping with an
eye toward getting and holding a job. If reachers at all levels can agree on this
scheme, students will indeed develop proper notekeeping as a matter of habit,
They will work more efficiently in graduate school, and they will be more
valuable as employees, 1f the emplover has to spend less time teaching
fundamentals such as notekeeping, more time can be devoted to solution of the
actual scientific problem at hand.

To make notekeeping habitual. the student should be taking notes cach time
work is done in the lab or field, Stud'ents should feel comfortable with a notebook
in hand at the starr of every experiraent, and they should feel just a bit naked
without a notebook. In the same way ‘n which they get used to taking notes in a
lecture class, students should expect to write notes while doing an experiment,
Too often, students lor 'z at the lab period simply as a chance to get away from
rigorous lecture sessions, In college, teaching assistants often “reward” students
who quickly finish the lab sessions by allowing them to leave as soon as the
experiments are done; notemaking and writing lab reports are postponed until
some later time. Such a practice reinforces several wrong attitudes including,
“finishing the work fast is more important than doing the job carefully™ and
“writing up the work is a necessary evil, better left for later,”

Some General Comments

Experimental science (the subject of most laboratory notekeeping) is descriptive
science; communicating the results of scientific investigations requires strong skills
of description. Too often a written description is very different than the spoken
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description. Much writing could be improved if the writer would simply say the
words out loud, write down what sounds good, and reject phrases and words that
sound awkward or stilted.

The chemistry teacher has a real challenge in teaching his or her subject
matter. Chemistry is considered by many otherwise bright studenrs to be an
abstract and difficult subject. After all, who can actually show the student an
atom? In contrast, the basic principles of physics (mechanics) are often taught by
using ropes, pulleys, and hockey pucks on frictionless air tables. The actions and
reactions of objects arc easily seen and casily grasped. Biology students study
animals and plants; students can actually see the subjects of their studies. Geology
students can handle rocks; astronomy students can see the stars But chemistry
teachers must try to explain to the young chemistry student why a molecule of
bromine produces an acrid, intensely colored liquid and a molecule of oxygen
produces a colorless, odorless gas that sustains life. They must explain how
sodium, a highly reactive metal, can combine with chlorine, a toxic gas, to
produce common table salt. The fundamental subjects of the chemistry student’s
studies, atoms and molecules, are inaccessible to direct observation using the five
senses. As a matter of philosophy, students should understand that chemists must
perform experiments and record and interpret the results of these experiments to
understand chemistry. Merely filling in the blanks of an answer sheet is
unsatisfving and, in the long run, unfair to the student.

That scientific writing must be done in the third person, by using the passive
voice, is a myth: “It was obscrved that the mixture changed color after a few
minutes had elapsed.” According to this myth, such a tone lends an air of
professionalism or objectivity to the writing, In fact, most major guidelines for
authors of scientific publications stress that authors use the active voice in the first
person, when appropriate, to express an opinion or to state a fact. Much writing,
could be improved simply by using the active voice, first oerson: “1 saw the
mixture turn blue after 10 min.” leaves no doubt as to who did the work, what
happened, and when it hapened. This tone is vigorous, concise, and to the point.
It is the tone of choice for basic descriptive writing, and it is the tone of choice for
laboratory notekeeping.

When students become employees, they will have to take responsibility for
their own opinions and recommendations: “Based on my experiments, |
recommend that we abandon this project.” They should be unafraid to say “I'" or
“we when appropriate. The lab notebook is as good a place as any for getting
used to shouldering the burdens of responsibility.

We can, however, ake the distinction between notewriting and the
preparation of a scientific article. The first criterion applied ro judging papers
submitted for publication in scholarly journals is readability. A combination of
active and passive sentence constructions can help to develop a good rhythm and
can make the paper more readable. Continuous use of the active voice results in
tiresome, choppy sentences. Continuous use of the passive voice can be confusing
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at worst; at best it lulls the reader to sleep. The active voice reminds you, the
reader, that the author is ralking to you.,

Teaching Notekeeping in Grammar School

This time is such a marvelous one for budding young scientists; there is something
of interest for every one, They go down o the pond and get a glass of pord water;
they place a drop of this water on a microscope slide and observe the drop under
the microscope: Hundreds of wriggling creatures never before imagined come into
view. The students collect leaves and compare them for shape, color, texture, and
odor. Student stargazers learn about patterns of stars in the sky, and, if their eves
are sharp, they see that stars have different colors and that many different types of
objects are in the night sky. Young 1ock hounds gather specimens for examination
of color, hardness, streak, and luster, ’

Why not write notes about these experiences? Each student should be issued a
small notebook to keep all year. For each experiment or specimen-gathering trip,
the students should write down something, What they write isn’t important, but
they should get into the habit of simply writing down something about what they
did, saw, smelled, felt, or thought. **Describe what you saw™ or ““tell me what
vou did” are the only instructions that the teacher need give,

At such an early age, rigor and rules are secondary to making the student feel
comfortable and become accustomed to recordkeeping in a lab notebook. Each
student can be issued a small bound notebook that can be called a lab notebook,
journal, or diary. The point is that the voung student should be motivated to
write down as much as possible, More detailed instructions will come in later
years,

The following is an exercise to get young students to improve their powers of
observation and description: Put an assortment of laboratory objects into a box
and ask cach student to take one object out of the box. The student must then
describe the object well enough (without drawing a pictare!) so that other students
can recognize the object from the written description. Use objects of different
materials and textures (e.g., rubber, metal, glass, plastic, wax, or stone) some of
which can be quite similar except for small differences (e.g., left- versus right-
handed!). Remind the students to note all the properties they can, including color.
texture, odor, size, shape, hardness, or sound when tapped. Ask the students to
speculate on possible uses for the objects. When the students have finished, pur all
the objects on a table and collect the written descriptions. Read them, one at a
time, and have the students figure out which object is being deseribed. You can
then explain the proper names of the objects and their actual uses. Some objects
could be connected, such as fab glassware, so thar they must be assembled for use.
If you now let the students add drawings so that they can better deseribe the
objects, they will also see how important a good drawing can be.



Q

ERIC

Aruitoxt provided by Eic:

Appendix A 125

Teaching Notekeeping in High School

In high school, the emphasis should be on clarity of descriptions: Can your
classmates understand what you wrote? Are vou using good grammar and good
spelling? Is your writing legible? Are your drawings understandable? 1f grammar
school piques students’ interest in science, the high school years expose them to the
nuances and differences among the disciplines. This early exposure often leads to a
career choice before the students begin college.

Shakhashiri points out (3), *‘one of the purposes of demonstrations is to
increase the students’ ability to make observations.” Lecture demonstrartions (also
called lecture experiments) performed by the teacher can be used to improve
notckeeping skills. Classic demonstrations such as burning a strip of magnesium in
air or reacting a small picce of sodium with water can be performed while students
observe, At appropriate times, the demonstrator can pause to let the students wrire
a description in their notebooks of what they have seen. These descriptions should
just be simple narratives. Rather than the usual sort of classroom notes, the
students should write their notes as if they were reading them to someone who
wasn't present, to tell a story. {See Chapter 6 for examples of well-written
notcbook passages.)

High school students should begin to understand that careful layour of the
notebook (c.g., organized tables or labelled drawings) will help when the time
comes to interpret experimental data. Students who make projects for local science
fairs should be especially encouraged to keep good notes of thei: studics.

At the Eighth Biennial Conference on Clemical Education (2), Tony Neidig
conducted a workshop on developing experiments for chemistry classes. He
discussed the differences among three types of lab sessions: a L boratory exercise
(e.g., distillation of wood splinters), an experiment (c.g., qualitative analysis of a
mixture of unknowns), and an investigation (c.g., the effect of acid rain on
different materials). In a laboratory exercise, the teacher knows the answer, the
student knows the answer, and the session is likely to be boring, In an experiment,
the teacher knows the answer, the student usually doesn’t, but the mechanical
aspects of the session still can be boring. In an investigation, neither the teacher or
the student knows the answer and the session is bound to be interesting!

Part of performing any investigation is keeping notes so that the results can
be analyzed and conclusions can be drawn. Many laboratory exercises will not
lend themselves to teaching notekeeping, because the students know the supposed
outcome and will mechanically go about the work. The teacher’s exhortation to
explore and to discover things during the course of a laboratory investigation
requires good notekeeping and thereby teaches good notekeeping,

The participants at this workshop azreed that designers of experiments
should keep in mind cost, safety, interest, challenge, simplicity, and gradeability.
Almost any experiment can be modified to include notekeeping, and such a change
will meet these several criteria,
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Teaching Notekeeping in College

The freshman year of college is perhaps the worst time to try to teach laboratory
notckeeping, especially in the large classes at major universities with thousands of
students and dozens of graduate teaching assistants. For students, it is the yecar of
moving away from home, of breaking old bonds and making new ones, of
struggling to stay afloat in a sea of new experiences. Most students taking
introductory chemistry courses will not become chemists, although some will end
up in scientific disciplines, Many must take chemistry as a prerequisite for courses
in nursing, geology, biology, and other subjects. The sheer numbers of freshman
taking chemistry precludes adequate critiquing and discussion of notekeeping with
the teacher. Most graduate teaching assistants have neither the experience or the
ability to properly teach notckeeping. Instruction should be reserved until the
sophomore and later years, when ciasses are smaller and more attention can be
given to the individual student,

Upper level science majors should certainly be taught the details of proper
notckeeping. All of the subjects in this book are appropriate for the student who
will be entering industrial or graduate rescarch. In light of the ACS-CPT report,
students should realize that good writing skills, including a detailed knowledge of
proper notckeeping procedures, are valuable assets when job-hunting and certainly
when it comes time for that annual performance review with the boss.

How to Critique and Grade Student Notekeeping

Student notekeeping was the subject of several papers published in the Journal of
Chemical Education between 1925 and 1930 (4-9). Precious little on the same
subject has appeared since that time (10, 11). Even though some of these papers
were written over SO years ago, they addressed some of the basic concerns that
teachers face today—how to assess student performance, how to motivate better
perormance, and how to do these things cfficiently. Today’s teachers would be
well advised to read these short, eloquent papers.

Most of the papers conclude that the best system for assessing student
performance is to look over the notebooks during the laboratory period while the
students are working. This practice serves several purposes:

1. Students are aware that they must write notes during the laboratory
investigation, not later. They begin to develop a **feel” tor making
notckeeping habirual.

2. Students can get assistance and critical review  of their work
(*immediate feedback™ in today’s jarpon.) The teacher can get a
much better impression of the student’s attitude and level of
achievement than if the notebooks are quickly skimmed once or
twice a senestar,

3. The teacher does not have a thick stack of notebooks to grade at the
middle and end of the semester; each student’s work pgets the
attention that it deserves,
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The single most important criterion for assessing student writing is simply,
“Does the notebook clearly tell what was done?”’ The teacher can examine the
notebook entry in comparison to ‘- ‘ideal’ notcbook entry such as those in
Chapter 6 of this book. Allowances must be made for the conditions under which
the student’s notekeeping is done: time constraints to finish the experiment or
cooperation or the lack of it among lab partners, for example. Here, the teacher is
grading the notes against an arbitrary, but achievable standard. John T. Stock,
retired Professor of Analytical Chemistry at the University of Connecticur, took
one of his students’ finest examples of a notebook and actually chained it to a lab
bench 1.~ all to sce. It became the standard by which all other student notebooks
were judged.

" At the high school level, another method that can be both fun and frustrating
is perhaps one of the best methods for showing students how important their
writing really is. Students first perform experiments by following printed
instructions; pairs or small groups of students each perform a different experiment.
For the next class session, the notebooks are exchanged, and students then must
follow directions for the experiment that were written into the notebook by their
peers. This technique can be modified by an exchange of notehooks between
students at different schools. This approach does raise some interesting questions,
however: Can experiments be designed so thar the outcome depends on how well
the notes of the previous group were written? Is it fair if the student who writes
good notes must read and follow the poorly written notes of another student?

Finally, grading should take into account how much the student has learned
during the semester. As in some other subject areas, notckeeping skills will vary
widely among students at the beginning of the semester, and smaller differences
will be found among students at the ¢nd of the semester. Sophomore-level (or
higher) college students can be judged by the same 10-point checklist (see Chapter
4) that industrial research managers use to assess employee’s notebooks.
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Photographs from the
Historical Notebooks of
Famous Scientists

ate in life, Leonardo da Vind began to write down many of the thoughts,
experiments, and projects that he had undertaken throughout his
extraordinary life. He wrote the note on combustion shown in Figure B.1
nearly S00 vears ago, 275 vears before the discovery of oxygen by Priestley, Like
many of his notes, this one was written in “mirror-style™ so that it appeared to be
in some sort of code and could not be understood by others. If a mirror is held up
to the page, the following sentence can be read,
“dove noujve lafia ma no uj ve anj mal che alitij- 1l sup-chio veto vecide
lafiama ¢l tepato lanutri cha,”

In Leonardo's Tralian, the letters “n' and “m" were often replaced by a line
over the preceding vowel, and the “u™ was often written as “v™ and “v*" as ““u™.
In modern Ttalian the quote is:

“Dove non vive la flamma, non vive animal che aliti, 11 superchio venro
uccide la fiamma, ¢ ' temperato la nutrica.™

The modern English translation is, “Where flame cannot live, no animal that
draws breath can live. Excess of wind puts out flame, moderate wind nourishes
it." (from 1l Codice Atlantico, 270 r.a, Reproduced by permission from the
Biblioteca Ambrosiana, Milan.)

The notebook pages shown in Figure B.2 record some of Leo H. Backeland's
carly work on the first synthetic resin, Bakelite, He was developing a method to
harden wood by impregnating strips of wood with phenol-formaldehyde
condensation products. He noticed that, although the wood surface did not get
hard, some material that had oozed out of the wood was very hard, He also found

0906--5 8570129 $06.00 1 1 q ~
1985 American Chemical Society ‘e



130 WRITING THE LABORATORY NOTEBOOK

that heating some of the softer condensation products in scaled vessels could
produce a hard, moldable material. In his notebook, at the bottom of page 15,
Backeland recorded his discovery that temperature plays an important role in the
phenomenon of hardening. (Reproduced with permission from the Smithsonian
Institution—The National Museum of American History.)

Michael Faraday’s notebook entry (Figure B.3) records the discovery of
clectromagnetic induction, 29 August 1831, He had tried many arrangements of
wires wrapped arcund various objects before he hit upon this observation. In his
entry, he gives a detailed description of the apparatus that is supported by a clear,
simple sketch. (Reproduced with permission from the Royal Institution of Great
Britain.)

In Humphry Davy’s notebook entry for 19 Qctober 1807 (Figure B.4), he
confirmed that potassium was a chemical element. Electrolytic decomposition of
potash preduced a gas, of which he wrote: ““This gas proved to be pure oxygen;
Capl. Expt. proving vhe decomposition of Potash.” (Reproduced with permission
from the Royal Institution of Great Britain.)

Figure B.S contains pages from the laboratory notebook of Walter H.
Brattain in which he records the discovery of the amplification effect produced by
a point-contact transistor. He carefully listed the names of people who observed
the experiment and included the signatures of two witnesses. (Reproduced with
permission from AT T Bell Laborasories.)

Alexander Fleming had made the serendipitous discovery of a mold that
inhibited the growth of a staphylococci colony. The notebook pages shown in
Figure B.6 record his first experiment in which an extract of the mold was tried
agatnst several strains of bacteria (Plate 1). He concluded, ““[therefore] mould
culture contains a bacteriolytic substance for staphylococci’” (Plate 2). Note the
clarity and specificity (lack of speculation) in this statement. (Reproduced with
permission from the British Library and Lady Fleming,)

An early electronic computer at Harvard University (the Mark 1) malfuncti-
oned on the afternoon of 9 September 1945 (Figure B.7, Plate 1). This time,
unlike previous common clectrical problems, the problem was a moth caught in a
relay. The notebook entry (Plate 2) made by Grace Hopper (now Commodore
Hopper of the U.S. Navy) contains the insect taped to the page and reads, “First
actual case of bug being found.” The verm bug was already in common use to
connote problems in clectrical and mechanical systems before this time. It came
from the Welsh term bwg. meaning a bugbear or hobgoblin. (Reproduced with
permission from the U.S. Naval Surface Weapons Center, Dahlgren, Va.)
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A

Abbreviations, table of, contents of the
laboratory notebook, 58
Academic notebooks
reasons for notckeeping, 2
research, storage of paper documents, 49
Acid-free buffered papers, 13
Active notebooks, definition, 42
Aging notebooks, preservation, 49
Alum-rosin, unstable paper components, 12
American Chenical Society, Committee on
Professional Relations, employment
agreements, 30
American National Standards Institute
(ANSD, legal obligations of
notekeeping, 6
American Society for Testing and Materials
(ASTM)
guidelines for permanent paper, 13
legal obligation of notckeeping. 6
Amplification effect, discovery by Walte, .
Brattain, 129
Archival quality ink, ink manufacturer, 15
Archival quality mending tape, 25
Attaching loose sheets, orpanization of the
notebook, 72
Auth.sr, notebooks with more than one,
organization, 77

B

Ball-point pens., suitability for notekeeping, 14

Backeland. Leo H., notebook entry, bakehie,
128

Bond and Ledger Papers fer Permanen
Records, guidelines for permanent
paper, 13

Bound notebooks
manufacturers, 26
reasons for notekeeping, 3
various, description of quality, 16
Brattain, Walter H., discovery of
amplification effect, 129

C
Case binding, description, 16
Checksum, clectronically witnessed entries,
117
Chemical research laboratory, details of
notekeeping, 70
Clarity, writing a useful noiebook, 53
Climate. conditions for storing paper
documents, 48
Code numbers for specimens, organization of
the notebook, 73
Collection of completed notebooks,
puidelines, 47
College students, teaching notekeeping, 126
Color, ink. effect on quality, 15
Competent witness, gaide for selecting, 108
Computer, Mark 1, discovery of first bug, 129
Computer systenis
controlling norebooks, 41
faboratory, validation. 118
notekeeping functions, 113
Conception of an invenrien, definition, 104
Conclusion section, organization of the
notebook, 75
Caontents, table of, laboratory or research
notebook, 54-63
Continuation of work scction, organization of
the norebook, 73
Continuity, proof, uses of the notebook, 106
Corrections to raw data, puidelines, 46
Current practices, managing notebooks, 35
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Custom-made notebooks, 17
Custom-printed notebooks, pages of explicit
instructions, 36

D
da Vinci, Leonardo, notebook entries, 128
Data
entry and details, organization of the
notcbook, 68, 69
guidelines for corrections to, 46
recording, general principles, 67
Date entry, notebook page formats, 21
Deterioration, causes, scientific notebooks, 11
Drary, definition, 7
Disclosures to others, recording, use of
notebook, 110
Discovery. legal process, definition, 32
Discussion section, organization of the
notebook, 74
Dishonesty in research, guidelines for
prevention, 46
Distribution of notebooks, guidelines, 41
Document storage facility, Quality Assurance
Program Requirements for Nuclear
Facilitics, 44
Drawings, organization of the notebook, 71

E
Electromagnctic induction, Michael Faraday,
notebook entry, 128
Electronic notebooks
comparison to handwritten, 114-16
discussion, 113-20
shortcomings, 116
Electronic witnessing, checksum, 117
Employce's obligations, notckeeping, 31-33
Employer's obligations, notekeeping, 33
Employment agreements
ACS Committee on Professional Relations,
0
legal and ethical obligations of notckeeping,
29
Ensuring security of the notes, comparison,
clectronic and handwritten notebooks,
115
Ethical and legal aspects, notckeeping. 29 -34
Experimental planning section
laboratory rescarch, section headings, 63
organization of the notebook, 65

Exterior title, laboratory or research notebook,

54-63

F
Facility, storage of paper documents, 49
Faraday, Michacel, notebook entry, discovery
of electromagnetic induction, 128
Fleming, Alexander, discovery of penicillin,

115
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Flexibility
doctrine, recording raw data, 67
writing a useful notebook, 53
Ford, Henry, notekeeping, 3
Formats, page, notebook organization, 17-23
Fraud in research, reducing, regular checking
of raw data in notebooks, 45
Front marter
laboratory or research notebook, $4-63
summary, 62

G
Glue
mending tape, manufacturers, 27
methods of attaching materials in
notcbooks, 24
proper hardware of notckeeping, 26
Good Laboratories Practice for Nonclinical
Laboratory Studies, legal obligations
of notekeeping, $
Gould, Gordon, invention of the laser, 4
Government laboratories
instructions, 40
tssuance and maintenance of notebooks, 43
review of notebooks, 44
Grammar, style, and tone, organization of the
notebook, 78
Grammar school, teaching notckeeping, 124
Graphs, orpanization of the notebook, 72

H

Handwrirten notebooks

comparison to clectronic notebooks, 114-16

inks, pencils, and pens, 14-16
Hardware of notckeeping, 11
High school, teaching notckeeping, 125
Historical notebooks, 128
Hopper, Grace, notebook entry, fi-st bug, 129
Humidity. conditions for storing paper

documents, 48

H
Inactive notebooks, definition, 42
Industrial companies
facilities, issuance and maintenance of
notebooks, 43
notebook, reasons for notekeeping, 2
process operations, details of notekeeping,
70
review of notebooks, 44
inks
handwritten notes, 14-16
manufacturer, archival quality, 15
and pens, manufacturers, 27
proper hardware of notekeeping, 25
Inserting specimens, organization of the
notebook, 73
Inspection of notehooks while in use, 44
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Instruction
government laboratorics, 40
newly hired industrial rescarchers, 36
student rescarchers, 40
Instruction section
notebook page formats, 17
printed, laboratory or research notebook,
54-63
Interference proceeding, patent application,
105
Introduction section, organization of the
notebook, 64
Invention protection
discussion, 103-11
recording conception, uses of the notebook,
105
Issuance and maintenance of notebooks,
41-43

L
Laboratory computer systems
recent reviews, 113
validation, 118
l.aboratory information management systems
(LIMS), computer-based, 7
Laboratory notekeeping
bound book manufacturers, 26
chemical research, details of notekeeping, 70
teaching, some suggestions, 121-27
L.aboratory records, various types, 6
[.aboratory research experimerts, section
headings, 63
Laser, invention, notekeeping problems, 4
Legal and ethical aspects, notekeeping, 29- 34
Legal obligations, meeting some, reasons for
notckeeping, 5
Legality of microfilm, admissibility of
microforms as evidence in litigation,
48
LeMonnier, Pierre, discovery of Uranus, 3
Library of Congress publication, conditions
for «. xing paper documents, 48
Literature survey section, organization of the
notebook, 76
Loghook, definition, 7
Loose sheets, attaching, organization of the
notebook, 72

M
Maintenance of notebocks, 41-43
Making corrections, organization of the
notebook, 74
Management of notekeeping, 35-42
Manufacturers of bound laboratory
notcbooks, 26
Mark I computer, discovery of first bug, 129
Maser, invention, 4
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Mending tape
glue, manufacturers, 27
methode of attaching materials in
notebooks, 24
Methodology, scientific investigation,
reference books, 51
Microcomputer resources, 119

N
National Institutes of Health (NIH), legal
obligations of notekeeping, §
Nationa! Science Foundation (NSF), legal
obligations of notekeeping, §
Networks, laboratory computer, recent
reviews, 113
Notebooks
academic, reasons for notekeeping, 2
attachments, 24
binding, effect on quality, 16
body. contents, discussion, 63-78
bound, reasons for notekeeping, 3
bound laboratory, manufacturers, 26
colleetion of completed, guidelines, 47
current practices in managing, 35
definition, 7
clectronic, discussion, 113-20
historical, 128
industrial, reasons for notekeeping, 2
inspection while in usc, 44
issuance and maintenance, 41-43
major functions in the area of securing and
protecting patents, 103
many projects in one, organization, 77
more than one author, organization, 77
organization, 17-23
organizing and writing, 53-79
page, discussion, 7
photocopying, issuance and maintenance of
notebooks, 42
proper hardware of notekeeping, 25
storage, guidelines, 48
student, descriprion, 23
as a training record, 76
Notekeeping
hardware, 11
legal and ethical aspects, 29-34
management, 35-42
an overview, 1
teaching laboratory, some suggestions,
121.-27
Notckeeping functions, computers, 113

O
Obligations
employee's, notekeeping, 31-33
emplover's, notekeeping, 33
notekeeping, 29
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Observation and data section, organization of
the notchook, 66
Organizing the notebook, §3-79
Ownership
legal and ethical obligations, 30
notekeeping, 29

P
Page formats
notebook organization, 17--23
organization of the notebook. 68
Page numbering
contents of a faboratory notebook, 62
organization of the notebook, 69
Paper
acid-free buffered, 13
permancent
compuosition, 12
discussion, 11
spot tests, 13
proper hardware of notekeeping, 25
testing equipment, 27
Patent and invention protection. discussion,
103-1
Patent claims, documentation is avaitable to
support. 32
Patent or trade secret protection, uses of the
notebook. 104
Pencils, handwritten notes, 14-16
Penicillin, discovery by Alexander Fleming,
129
Pens
handwritten notes, 14-16
inks. manufacturers, 27
Personal journal, definicion, 7
Pharmaceutical field, legal obligations of
notckeeping, §
Photocopies
notebook pages, issuance and mamtenance
of notebooks, 42
proper hardware of notekeeping, 26
proper long-term storage of notes, 23
Porous-tip pens, suitabiliey for notekeeping, 14
Preface, contents of the laboratory notebook,
58
Preservation, aging natebooks, 49
Process operations, industrial, details of
notekeeping, 70
Projects, many in one notebook. organization,
77
Proprictary information, student research
notebooks, 43
Protection
patent or trade seeret, uses of the notebook,
104
trade secrets, uses of the notebook, 111

Suim A
by |

Q
Quality Assurance Program Requirements for
Nuclear Facilities
document storage facility, 49
legal obligations of notckeeping, 6

R
Rag content, permanent paper, 12
Recording conception of an invention. uses of
the notebook. 105
Recording data, general principles, 67
Recording disclosures 1o others, use of the
notebook, 110
Recording original ideas, organization of the
notebook, 75
Recordkeeping duties, emplovee's, 31-33
Records
laboratory, various types, 6
storage facilities, requirements, 51
Reduction to practice, definition, 104
Research laboratory
chemical, details of notckeeping, 70
reducing, fraud, 45
Research notehooks, student, proprietary
information, 43
Research notes, longevity, 11
Researchers
instructions given to student, 40
instructions to newly hired industrial, 36
Reviewing notebooks, ten-point checklise, 44
Rights, notekeeping, 29

S
Sample insertion, etfect on life of notebook,
17
Scientific investigation, methodolopy,
reference books, 51
Section headings, laboratory rescarch
experiments, 63
Signatures, notebook page formats, 21
Signing entries, orpanization of the notebook,
73
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ABOUT THE BOOK

Few, if any, working scientists write notes as carefully and completely as
they should. Often a seemingly unimportant detail turns out to be crucial.
Much experimental work could be better understood, and much repetition of
work avoided, if only researchers were more attentive in their notekeeping,
The effectiveness of a working scientist can be increased by considering the
important role that a notebook can play in experimental planning,
observation, and analysis of data. Labnratory supervisors and managers
should understand the value of a proper system for control of the notebook
and its contents, review of the employee's notebook entries, and instruction of
researchers in the maintenance of notebook records. Finally, but perhaps most
important, students who are beginning scientific research must be taught how
to create a proper record of their work.

Until now, no standard text or reference manual has thoroughly covered
the myriad aspects of writing and using a laboratory notebook. This book has
a simple purpose: to teach the principles of proper scientific notekeeping. It
goes beyond the mechanics of fiiling in the pages of a notebook as the
scientist works. It provides specific recommendations to help researchers
develop a flexible style of notekeeping that will serve them well in a variety of
research environments.

Examples of notebook format and entry are included, and historical
anecdotes provide examples of the pitfalls of improper notekeeping, Other
examples demonstrate specific principies or guidelines. Summaries of current
notekeeping practices in some universities, industrial laboratories, and
government research centers are presented. Alternatives to handwritten, bound
notebooks are discussed, and a comparison is made between th electronic
notebook and the handwritten notebook. The hardware of notekeeping is
described. Pens, paper, ink, notebook binding, and proper storage are all
detailed.

Laboratory researchers, teachers, students, managers, and supervisors from
all scientific disciplines will turn ro this book again and again for the
important and useful information it provides, It will become a necessary and
often-read addition to any scientist’s reference library.

For further infcrmation and a free catalog, contact:
American Chemical Society
Distribution Office, Department 225
1155 16¢h St., N.W., Washington, DC 20036
Telephone 800-227-5558
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