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Principles for Best Practices for Individuals *, †, ‡

Useful (good) research records explain:
· What you did

· When you did it

· Why you did it

· How you did it

· Who you are (the person creating the record)

· What project(s) it was a part of

· Who thought of it if not you

· What special materials & instruments you used

· Where you obtained the materials and instruments

· What happened and what did not happen (data)

· How you manipulated and analyzed the results

· Your interpretation (and the interpretations of others if important)

· What will be the next steps in the project based on these results
Good Research Records, in addition:

· Are legible, if hand written

· Are recorded using reliable materials and tools

· Are well organized, e.g., well labeled, indexed, catalogued, etc.

· Are accurate and complete:

· Includes all original data and important study details (metadata)

· Includes successful and unsuccessful studies and activities

· Describes and dates all alterations and changes in records

· Allows repetition of your procedures and studies by yourself and others

· Are accessible (physically and/or electronically) to others both short & long term

· Are stored and backed-up properly for the short and long-term (archiving)

· Are witnessed where needed to protect intellectual property rights

· Are in compliance with departmental, institutional, and federal regulatory 

requirements with special care given to human & animal research

· Are the research diaries of the researcher’s work and thoughts

_________________________________________________________
* The researcher may be at any level from student & staff to senior faculty if they are personally 
performing hands-on research.

† Research records are defined briefly as recorded information, regardless of media, which is 
necessary for the reconstruction and evaluation of the research.  An individual record element 
may not need all the above attributes, but the whole record probably does.

‡ This table adopted from Table 11.1 from Scientific Integrity: An Introduction with Case Studies  
2nd Ed. 
by Francis L. Macrina, ASM Press (2000) with permission.  
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Principles for Best Practices for Research Groups
1. Set standards for record keeping practices for individuals in their group in areas such as: 

a. Research studies/activities within the group (handwritten & electronic notes, data, and other documentation).

b. Labeling and cataloging of experimental samples, tangible products of research, etc.

c. Communications with collaborating researchers, e.g., letters, emails, minutes of meetings (face-to-face or teleconference), etc.

2. Provide/assure that group members receive training in record keeping practices.

3. Provide motivation by emphasizing the benefits of good records and the problems associated with poor records.

4. Provide examples of well maintained records & good record keeping practices

5. Clarify data and research record ownership and access rights.

6. Perform periodic reviews of the records of the members of your group.

7. Delegate, as need, oversight and training duties for group records to senior members of your group.  Perform periodic checks on the performance of these duties and modify/reassign duties as needed.

8. Provide the tools (paper based notebooks or electronic hardware/software).

9. Establish temporary storage areas for records in use (both paper and electronic) and appropriate backup facilities/methods.

10.  Require adherence to group record keeping standards by group members. 

11.  Promote communication of research information within the group.

12.  Have a plan to assure the transmission of important research information (accessible and understandable records/notebooks) from departing group members.

13.  Require adherence to departmental, institutional, and legal requirements.

14.  Seek to assure the long-term accessibility of records for a set period of time (archiving) after completion of the research.

15.  Update records standards as needed.
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	Examples of Best Practices for Departments & Institutions



	
	
	

	Department/School Level
	 
	University Level

	
	
	

	
	
	

	1.  Make available training/mentoring to faculty (especially new faculty) on research group/lab management skills and practices.  Include best practices in scientific record keeping.  
	
	1. Provide clear policies on Research Record Ownership, Access, Retention, Transfer and Destruction.    What constitutes research records should be clearly defined and should include paper, electronic, and tangible forms of research information.

	2.  Encourage faculty members to have a strategy/plan (preferably written) for research record keeping.  The strategy should adopt 'individual best practices' to the research group's circumstances and include active mentoring and oversight of trainees and staff.
	
	2.  Provide Institutional facilities for Archiving Records (all media).  Many institutions already have this service through their university libraries.  

	3.  Provide record keeping materials and resources, if possible (e.g., bound research journals, lab notebooks, specialized software, bar-coding equipment, dedicated servers (computers) for storing electronic records).   
	
	3.  To help assert University ownership of research records, provide record keeping materials for the departments/units to distribute (e.g., research journals, lab notebooks, specialized software, dedicated servers (computers) for storing electronic records).

	
	
	

	
	
	4. Provide resources to help departments/units provide training in research record keeping, e.g., training materials, examples of good records and practices, a web based tutorial in record keeping practices.

	  
	
	5.  Provide resources to help assure the long term accessibility of electronic records, i.e., help protect against hardware/software obsolescence and availability issues for older data and records.
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	Best Practices for Individual Researchers                                                           A compendium of suggestions for research record keeping practices from the literature.                                                  

	General Maxims
	
	

	You should consider your notebook (or equivalent) to be your personal diary of your work and thoughts.

	Research records are very helpful.  They will help you remember the details of what you did months or years after the event.  They help in replicating results and preparing publications.

	It is a tool to help you think about and record your efforts both physical and mental.  Set aside time to work on your notebook or electronic equivalent daily.

	Remember the needs of your research group, institution, and sponsor.  Follow their guidance, especially your laboratory leader. 

	Some redundancy in your records is good.  Cross referencing is VERY Good.

	
	
	

	Best Practices I
	Best Practices II
	Best Practices III

	Materials and Tools
	 
	 

	Use a notebook to keep ALL your notes (primary, random, OR scrap notes)  even if you also use an electronic notebook (see below.)  
	If a loose leaf binder is used initially, the pages in the book should be permanently bound together (e.g., a spiral binding) when the binder is filled up.  Most projects will generate several filled binders.
	Simultaneously using bound notebooks (for documenting protocols, activities and experiments) and loose-leaf binders (for actual data) often works well but the cross-linking between the two records must be explicit and clear. 

	Use sewn or spiral bound book with consecutively numbered pages.  Be sure the paper is acid free for longevity.
	If a loose leaf binder is selected, insert a block of blank pages and pre-number them. A sequential number stamper is useful in producing such pages. 
	If pages are inserted in a pre-numbered loose leaf binder, use derivative page numbers (e.g., 23a, 23b) for inserts.
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	Best Practices I
	Best Practices II
	Best Practices III

	If you use an electronic notebook, select one that is designed for academic work.  Most electronic notebooks are designed for industrial labs.  Select one that is not likely to become obsolescent in five years.
	The electronic notebook's software itself should become part of the research record to help avoid problems with software obsolescence
	

	Always use ink, preferably black ball point, with paper records.  Avoid water soluble ink pens and pencils.
	
	

	An individual researcher should use a separate notebook for each major project.
	Avoid putting other people's experiments into you own notebook
	

	
	
	

	Start Up
	
	

	Write in a language that other members of your research team can understand.  If possible, use the same language throughout your records. (Very important in research groups with members from different countries.)
	Use common and agreed upon abbreviations, acronyms, and technical terms.
	

	Write clearly and simply.  Use first person active voice and proper nouns to refer to items.  If handwritten, write or print legibly.
	
	

	Use a simple organizational scheme.   Make liberal use of Headings and Section Labels.
	Use your research group's computer file naming conventions.  Electronic records (computer files) need filenames which clearly identify the person who made the file, the project, and the type of information in the file (data, analyses, protocols, etc.)  
	Electronic files should be stored in separate folders for each major project with appropriate subfolders as aid in finding information in the future.  
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	Best Practices I
	Best Practices II
	Best Practices III

	On the first page of a notebook or other record identify: the Notebook User or Author (yourself), Research Group Name, Project Name, starting and stopping dates of use, and owner of the book if it is not the laboratory/Institution.   Also list internal and external collaborators, supporting technicians and their duties for the project.
	Create templates that you can use repeatedly for various types of pages in a notebook, e.g., typical first page, second page table of contents, typical start page for a new experiment, etc.
	

	Use the second page to record page numbers of the start of major sections of the notebook, Table of Contents
	
	

	Reserve pages for an glossary of terms and for an index or catalogue for related information stored elsewhere (e.g., original data printouts from instruments).
	
	

	Date and sign or initial each page after completing it.
	
	

	Daily Use of Records
	
	

	Use the notebook or equivalent to record everything, including items that in the past you used scrap paper for, e.g., daily To-Do lists, calculations needed to make a standard solutions, like one liter of half molar sodium chloride.
	
	

	Enter all information chronologically on consecutive pages as soon after the events as possible by the person performing the activity or experiment. 
	Identifying the project/activity and dating and signing individual sheets in loose leaf binders is especially important due to the ease that pages can be removed or substituted.
	If using electronic record keeping software (electronic notebooks) be sure that it includes automatic time stamping and digital signatures for each page/record you create.  Some electronic notebooks already have this feature.
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	Best Practices I
	Best Practices II
	Best Practices III

	Use the catalogue or index section of the notebook to list items (e.g., original data) that could not be included in the notebook with their locations.  This notation of an item is in addition to the description and location of the item within in the main part of the notebook.
	
	

	Each major section of the notebook should be able to stand alone in terms of allowing and external person to understand and possibly replicate what you have done and what you were thinking.   Be redundant with basic information, it helps clarity.
	
	

	Information to include in research records  for each major study, experiment or activity
	

	
	
	

	Title of the activity.  If it is part of a larger project, identify the larger project.
	Use of templates or checklists are helpful in remembering these items.
	

	Who suggested the activity if not the author.
	
	

	Explicitly state the activity's goal or hypothesis (e.g., experiment to test a hypothesis, characterization of certain materials,  development of new procedures or tools)
	
	

	Date you started this activity
	
	

	
	
	

	Protocol of proposed activity, provide all details or give reference where the details may be found.  
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	Best Practices I
	Best Practices II
	Best Practices III

	List special items needed for the activity and their sources especially specialized equipment and reagents, cell lines, patient or other human populations, etc.  
	
	

	Necessary documentation needed to understand the activity (e.g., reaction temperature).  Include specifically any intended  modifications or un-intended deviations of written experimental protocols. 
	
	

	Original or Raw data.   Record immediately upon collection unless the recording is done automatically (very common today.) PRIORITY!!
	Attach and/or insert items (e.g., instrument/computer printouts, desiccated slab gels, small format photos) in to the note book as needed.  Use archival quality glues or tape for mounting.  
	Where possible, sign your name across a boundary between a glued item and the notebook page to help document authenticity.

	
	
	

	Data processing and analysis details, (procedures including statistical methods, software used)
	If it is not practical to insert the item (e.g., raw data in the form of large format photographs), identify the item with a unique identifier, indicate the item, its identifier, and storage location in the notebook in two locations (within the related activity and it a separate catalog section in the notebook).
	

	Summary tables and graphs of processed data
	
	

	
	
	

	Description of the actual outcome:  what went right-what went wrong-what does it mean-what to do next-
	Enter your thoughts and ideas.  If an idea is potentially patentable, have a knowledgeable external person witness it directly on the record.  Witnessing protects your patent rights!!

                            9
	Summaries of discussions with others (named) should also be included when they lead to new insights into the project.  Include both verbal and written correspondence.

	Best Practices I
	Best Practices II
	Best Practices III

	
	

	Temporary Storage and Backups
	

	Store notebooks in use in the research group's office, laboratory or equivalent institutional space.   Store notebooks for the same project and any ancillary materials together, e.g., in a file cabinet.
	Tangible data items such as photographs, cell lines, etc., should be stored in protected environments with controlled light, temp. and humidity.
	

	Make back up copies to be stored elsewhere, e.g., Xerox or scanned electronic copies of paper documents.
	Hard drives on computers are NOT back devices.  Use CD-ROMS or DVDs for the best electronic backup and storage.
	Arrange to have automatic centralized storage of a copies of relevant computer files on a research group's server (in addition to the individual's computer).  It is helpful for backups and disaster recovery.

	Handling Mistakes and Errors in the Record
	

	Do not erase errors.  Write a single line through them so that the original can still be seen.  Put in the correction and initial and date the correction.  This is especially important in the Protocol, experimental documentation, Raw data, and data processing, 
	Don't leave blank sections on pages.  Cross through such blanks to prevent future additions.
	Avoid extraneous marks, like circling or underlining data points or ideas in your notebook.  If you do so, explain.  Otherwise, external readers of you notes may think that there is a 'problem' with the marked data. 

	Do not take pages out of the notebook.
	If the lab notebook accidentally loses a page, put the page back and make a note of this in the notebook.
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	If the notebook has any other problem with binding, blurred ink, or loose pages, fix the problem and make a note of this in the lab notebook.

	Best Practices I
	Best Practices II
	Best Practices III

	Preparing Publications and Reports
	

	When ready to prepare a publication or major report, make a copy the pertinent sections of your notes (protocols, data, analyses, conclusions, etc) to be used for the publication and indicate which tables, graphs and/or conclusions are supported by the selected data.  Place the copies into a new notebook (called a Data Selection Notebook) that should be kept with the manuscript of the publication.  In the data selection notebook, indicate on all sheets where the original notebooks can be found.
	Include in the Data Selection Notebook the rationale for selecting the data used (especially if you have eliminated some data points from the original), list co-authors and their contributions and where their data, can be found, list acknowledgements and their individual contributions, and other substantive issues.  
	

	After Completing the Records: Long Term Storage and Retention

	Archive older notebooks and ancillary material together in the research office or in a University designated archive service for at least the period of time required by university policy, contractual obligations, or federal regulations (usually 3-7 years).
	Do not store or archive your records in your home or other places outside your institution during the required retention period.  Afterwards you may do as you wish.
	

	When you leave the institution, make a copy of your note book to take with you.  Leave the original
	Make sure several other individuals in your group know your record keeping system and where your notebook and ancillary material is located.  
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	                                          Best Practices for Research Groups     
                                               A compendium of suggestions from the literature.
	

	
	
	
	

	Best Practices I
	Best Practices II
	Best Practices III
	

	For a group, some redundancy in record keeping is good!     Cross Referencing is VERY Good.
	

	Lab Leader should have written Instruction on how the Group Members should perform record keeping functions as individuals and as a group.
	Include a list of best practices for individuals.
	State clearly who owns the research records and the individual's rights to a copy of the records he/she creates.
	

	
	
	
	

	Be sure that each group member receives a copy of the instructions and is thoroughly briefed on the standards and its importance.
	Provides examples of well maintained notebooks and other research records.
	
	

	
	
	
	

	Provide record keeping materials (notebooks, software, computers (laptops or tablets) for the group.
	Require all group members to use the provided software products for research records.  
	
	

	Provide electronic facilities for copying, scanning, wireless archiving for the lab.  
	Establish naming conventions for electronic files which indicate what project, who authored the file, and the type of information in the file.
	
	

	
	
	
	

	Besides individual researcher's own notebooks, the group should also have specialized notebooks when necessary for:
	
	
	

	
	
	
	

	Instrumentation notebooks (directions, use and maintenance logs)
	A Master Log Notebook should be kept.  It should list all experiments/projects being done by group members.  For each project list its title, investigator, inclusive dates of execution, and location of experimental notebooks. 
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	Best Practices I
	Best Practices II
	Best Practices III
	

	Protocol or methodology notebooks for commonly used experimental procedures in the group
	The protocol/methodology notebook should be periodically updated; older versions should be archived to allow for checking older experiments.
	In some labs where individuals are working on very divergent projects, specialized methodology notebooks for individual projects may be appropriate.
	

	
	
	
	

	Reagent and special materials notebooks for both common and specialized reagents and materials (e.g., cell lines) listing source, storage place, and the responsible person.
	
	
	

	
	
	
	

	
	
	
	

	Selection Notebook for copies of data/analyses from individual notebooks selected for use in publications
	
	
	

	
	
	
	

	Provide places to store notebooks and ancillary materials that are in current use.  
	The storage space should be fire proof.  Require all to store their records there unless they are in current use.  
	
	

	
	
	
	

	Lab leader should review individual note books very frequently for new students, postdocs & technicians when they first start in the lab to assure that they are adhering to group standards.
	
	
	

	
	
	
	

	Lab leader should routinely review individual notebooks (approximately one a month) to ascertain data/analysis quality.  Lab leader should date and sign the record after review.
	
	
	

	
	
	
	

	Lab leader should personally review all notebooks in detail prior to using their data/analyses in publications.
	Lab leader should require preparation of a Data Selection Notebook (essentially copies of original data and analyses used in the publication) have it stored with the group's copy of the publication's manuscript.
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	Best Practices I
	Best Practices II
	Best Practices III
	

	If the lab leader cannot perform the tasks listed above, he/she they should delegate these tasks to a trusted, senior individual in the laboratory (A Notebook or Records Czar). 
	
	
	

	
	
	
	

	Keep all original records produced in the group for at least the minimum prescribed period of time (3-7years).   If convenient, use the university's archiving service.
	Electronic archiving should be on CD-ROM or DVDs since they are much superior to magnetic media for longevity.  
	Keep copies of relevant software for at least as long as the records that used it. 
	

	When an researcher leaves the group, require that he or she 1) organize and appropriate label and store all paper notes and tangible research materials, 2)  Make an electronic documentation file listing the locations of electronic records, and 3) provide this information to the Lab Leader or his designee.
	Do not use Hard Drives for long term archival storage.  
	
	

	Periodically review group record keeping practices and modify when needed (due to changes in technology or regulation.)  
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	Appendix 3

	Bibliography for Published Guidelines for Research Record Keeping

	4/29/2004

	Cornell University Guidelines for Maintaining Lab Notebooks   

http://www.cctec.cornell.edu/labnotebooks.html

	DATA MANAGEMENT: RESEARCH RECORDS in NEW INVESTIGATORS: A QUICK GUIDE TO STARTING YOUR RESEARCH AT UCSF   http://www.research.ucsf.edu/QG/orQgDm.asp

	Data management: Recording, Retention, Access, Ownership,  Session V  of Management of Biomedical Research Laboratories-A National Conference, Tucson, AZ 1998 sponsored by ORI http://ori.dhhs.gov/html/programs/biomedtitle.htm 

	Digital Authentication of Research Notebooks, an abstract from the ORI 2002 Research Conference on Research Integrity, http://ori.dhhs.gov/multimedia/acrobat/2002ConferenceAbstracts.pdf, p. 15

	Haverford College Astrophysics Lab Documentation Policy (5/12/2003)  (An example of a lab record keeping plan.)  http://www.haverford.edu/physics-astro/Gollub/Lab_Doc_Policy_0512rev3_ok.pdf

	LSU Law School-IEEE Standards for Scientific Record Keeping  http://biotech.law.lsu.edu/IEEE/ieee09.htm

	Making the Right Moves:  A Practical Guide to Scientific Management for Post Docs and New Faculty, Chapter 8: Data Management and Laboratory Notebooks, Burroughs Wellcome Fund and the Howard Hughes Medical Institutes. http://www.hhmi.org/grants/office/pdfs/ch8.pdf ,  Full document at  http://www.hhmi.org/grants/office/pdfs/book.pdf  or   http://www.hhmi.org/grants/office/scimgmt.html

	Marquette University--Laboratory Notebooks for Computer Sciences  http://www.mscs.mu.edu/~cstruble/class/general/labnotebook.pdf

	National Academy of Sciences.  1992.  Responsible Science, Vol I.  Washington: NAS, pp. 138-39.   http://books.nap.edu/books/0309047315/html/138.html 

	National Institutes of Health.  Guidelines on the Conduct of Research at the NIH. http://www.nih.gov/campus/irnews/guidelines.htm

	NCSU Policy on Lab Notebook Maintenance for Patent Purposes  http://www.ncsu.edu/sparcs/lab_management/ncsu_patent.html

	Responsibilities of a Group Leader from UCSF Faculty Handbook for Success
http://www.ucsf.edu/senate/0-office/FacultyHandbook.html#anchor92122

	Responsible Conduct of Science, Adil E. Shamoo & David R. Resnik, Oxford University Press, 2003, Chapter 2

	Scientific Integrity: An Introductory Text with Cases, 2nd Ed. Francis L. Macrina, ASM Press 2000, Chpt 11. 

	UCSF Department of Neurological Surgery,  Guidelines on Research Data and Reports  http://neurosurgery.medschool.ucsf.edu/academics/guidelines.html

	UCSF Investigator's Handbook Hittleman, K.J., and Flynn, B (1995) Section VI, (out of print and off the web; available through the Office of Research UCSF)

	UCSF OFFICE OF RESEARCH GUIDELINES FOR LABORATORY NOTEBOOKS
 http://www.research.ucsf.edu/QG/orQgNb.asp


	University of Minnesota Guidelines for Maintaining Laboratory Notebooks   http://www.ptm.umn.edu/v3/documents/labnotes.pdf 


	Writing the Laboratory Notebook, Howard M. Kanare, American Chemical Society Press, 1985

	General Lab Management References

	NCSU's Summary of Lab management resources   http://www.ncsu.edu/sparcs/lab_management/

	The Academic Scientist's Toolkit   http://nextwave.sciencemag.org/feature/cdctoolkit.shtml
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