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License

THE WORK (AS DEFINED BELOW) IS PROVIDED 
UNDER THE TERMS OF THIS CREATIVE COMMONS 
PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK 
IS PROTECTED BY COPYRIGHT AND/OR OTHER AP-
PLICABLE LAW. ANY USE OF THE WORK OTHER THAN 
AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT 
LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED 
HERE, YOU ACCEPT AND AGREE TO BE BOUND BY 
THE TERMS OF THIS LICENSE. TO THE EXTENT THIS 
LICENSE MAY BE CONSIDERED TO BE A CONTRACT, 
THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED 
HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF 
SUCH TERMS AND CONDITIONS.

1. Definitions

"Adaptation" means a work based upon the Work, or upon the 
Work and other pre-existing works, such as a translation, adapta-
tion, derivative work, arrangement of music or other alterations 
of a literary or artistic work, or phonogram or performance and 
includes cinematographic adaptations or any other form in which 
the Work may be recast, transformed, or adapted including in any 
form recognizably derived from the original, except that a work 
that constitutes a Collection will not be considered an Adaptation 
for the purpose of this License. For the avoidance of doubt, 
where the Work is a musical work, performance or phonogram, 
the synchronization of the Work in timed-relation with a moving 
image ("synching") will be considered an Adaptation for the 
purpose of this License.
"Collection" means a collection of literary or artistic works, such 
as encyclopedias and anthologies, or performances, phonograms 
or broadcasts, or other works or subject matter other than works 
listed in Section 1(g) below, which, by reason of the selection and 
arrangement of their contents, constitute intellectual creations, 
in which the Work is included in its entirety in unmodified form 
along with one or more other contributions, each constituting 
separate and independent works in themselves, which together are 
assembled into a collective whole. A work that constitutes a Col-
lection will not be considered an Adaptation (as defined above) 
for the purposes of this License.
"Distribute" means to make available to the public the original 
and copies of the Work or Adaptation, as appropriate, through 
sale or other transfer of ownership.
"License Elements" means the following high-level license 
attributes as selected by Licensor and indicated in the title of this 
License: Attribution, Noncommercial, ShareAlike.
"Licensor" means the individual, individuals, entity or entities 
that offer(s) the Work under the terms of this License.
"Original Author" means, in the case of a literary or artistic work, 
the individual, individuals, entity or entities who created the 
Work or if no individual or entity can be identified, the publisher; 
and in addition (i) in the case of a performance the actors, singers, 
musicians, dancers, and other persons who act, sing, deliver, 
declaim, play in, interpret or otherwise perform literary or artistic 
works or expressions of folklore; (ii) in the case of a phonogram 
the producer being the person or legal entity who first fixes the 
sounds of a performance or other sounds; and, (iii) in the case of 
broadcasts, the organization that transmits the broadcast.
"Work" means the literary and/or artistic work offered under the 
terms of this License including without limitation any production 
in the literary, scientific and artistic domain, whatever may be the 
mode or form of its expression including digital form, such as a 
book, pamphlet and other writing; a lecture, address, sermon or 
other work of the same nature; a dramatic or dramatico-musical 
work; a choreographic work or entertainment in dumb show; a 
musical composition with or without words; a cinematographic 
work to which are assimilated works expressed by a process 
analogous to cinematography; a work of drawing, painting, archi-
tecture, sculpture, engraving or lithography; a photographic work 
to which are assimilated works expressed by a process analogous 
to photography; a work of applied art; an illustration, map, 
plan, sketch or three-dimensional work relative to geography, 
topography, architecture or science; a performance; a broadcast; 
a phonogram; a compilation of data to the extent it is protected as 
a copyrightable work; or a work performed by a variety or circus 
performer to the extent it is not otherwise considered a literary 
or artistic work.
"You" means an individual or entity exercising rights under this 
License who has not previously violated the terms of this License 
with respect to the Work, or who has received express permission 
from the Licensor to exercise rights under this License despite a 
previous violation.
"Publicly Perform" means to perform public recitations of the 
Work and to communicate to the public those public recitations, 
by any means or process, including by wire or wireless means 

or public digital performances; to make available to the public 
Works in such a way that members of the public may access 
these Works from a place and at a place individually chosen by 
them; to perform the Work to the public by any means or process 
and the communication to the public of the performances of the 
Work, including by public digital performance; to broadcast 
and rebroadcast the Work by any means including signs, sounds 
or images.
"Reproduce" means to make copies of the Work by any means 
including without limitation by sound or visual recordings and the 
right of fixation and reproducing fixations of the Work, including 
storage of a protected performance or phonogram in digital form 
or other electronic medium.
2. Fair Dealing Rights. Nothing in this License is intended to 
reduce, limit, or restrict any uses free from copyright or rights 
arising from limitations or exceptions that are provided for in 
connection with the copyright protection under copyright law or 
other applicable laws.

3. License Grant. Subject to the terms and conditions of this 
License, Licensor hereby grants You a worldwide, royalty-free, 
non-exclusive, perpetual (for the duration of the applicable copy-
right) license to exercise the rights in the Work as stated below:

to Reproduce the Work, to incorporate the Work into one or 
more Collections, and to Reproduce the Work as incorporated 
in the Collections;
to create and Reproduce Adaptations provided that any such 
Adaptation, including any translation in any medium, takes 
reasonable steps to clearly label, demarcate or otherwise identify 
that changes were made to the original Work. For example, a 
translation could be marked "The original work was translated 
from English to Spanish," or a modification could indicate "The 
original work has been modified.";
to Distribute and Publicly Perform the Work including as incorpo-
rated in Collections; and,
to Distribute and Publicly Perform Adaptations.
The above rights may be exercised in all media and formats 
whether now known or hereafter devised. The above rights 
include the right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. Sub-
ject to Section 8(f), all rights not expressly granted by Licensor 
are hereby reserved, including but 
not limited to the rights described in 
Section 4(e).

4. Restrictions. The license granted 
in Section 3 above is expressly 
made subject to and limited by the 
following restrictions:

You may Distribute or Publicly 
Perform the Work only under the terms of this License. You must 
include a copy of, or the Uniform Resource Identifier (URI) 
for, this License with every copy of the Work You Distribute or 
Publicly Perform. You may not offer or impose any terms on the 
Work that restrict the terms of this License or the ability of the re-
cipient of the Work to exercise the rights granted to that recipient 
under the terms of the License. You may not sublicense the Work. 
You must keep intact all notices that refer to this License and to 
the disclaimer of warranties with every copy of the Work You 
Distribute or Publicly Perform. When You Distribute or Publicly 
Perform the Work, You may not impose any effective technologi-
cal measures on the Work that restrict the ability of a recipient of 
the Work from You to exercise the rights granted to that recipient 
under the terms of the License. This Section 4(a) applies to the 
Work as incorporated in a Collection, but this does not require the 
Collection apart from the Work itself to be made subject to the 
terms of this License. If You create a Collection, upon notice from 
any Licensor You must, to the extent practicable, remove from the 
Collection any credit as required by Section 4(d), as requested. 
If You create an Adaptation, upon notice from any Licensor You 
must, to the extent practicable, remove from the Adaptation any 
credit as required by Section 4(d), as requested.
You may Distribute or Publicly Perform an Adaptation only 
under: (i) the terms of this License; (ii) a later version of this 
License with the same License Elements as this License; (iii) 
a Creative Commons jurisdiction license (either this or a later 
license version) that contains the same License Elements as this 
License (e.g., Attribution-NonCommercial-ShareAlike 3.0 US) 
("Applicable License"). You must include a copy of, or the URI, 
for Applicable License with every copy of each Adaptation You 
Distribute or Publicly Perform. You may not offer or impose any 
terms on the Adaptation that restrict the terms of the Applicable 
License or the ability of the recipient of the Adaptation to exer-
cise the rights granted to that recipient under the terms of the Ap-
plicable License. You must keep intact all notices that refer to the 
Applicable License and to the disclaimer of warranties with every 
copy of the Work as included in the Adaptation You Distribute 

or Publicly Perform. When You Distribute or Publicly Perform 
the Adaptation, You may not impose any effective technological 
measures on the Adaptation that restrict the ability of a recipient 
of the Adaptation from You to exercise the rights granted to that 
recipient under the terms of the Applicable License. This Section 
4(b) applies to the Adaptation as incorporated in a Collection, 
but this does not require the Collection apart from the Adaptation 
itself to be made subject to the terms of the Applicable License.
You may not exercise any of the rights granted to You in Section 
3 above in any manner that is primarily intended for or directed 
toward commercial advantage or private monetary compensation. 
The exchange of the Work for other copyrighted works by means 
of digital file-sharing or otherwise shall not be considered to be 
intended for or directed toward commercial advantage or private 
monetary compensation, provided there is no payment of any 
monetary compensation in con-nection with the exchange of 
copyrighted works.
If You Distribute, or Publicly Perform the Work or any Adapta-
tions or Collections, You must, unless a request has been made 
pursuant to Section 4(a), keep intact all copyright notices for the 
Work and provide, reasonable to the medium or means You are 
utilizing: (i) the name of the Original Author (or pseudonym, if 
applicable) if supplied, and/or if the Original Author and/or Li-
censor designate another party or parties (e.g., a sponsor institute, 
publishing entity, journal) for attribution ("Attribution Parties") 
in Licensor's copyright notice, terms of service or by other 
reasonable means, the name of such party or parties; (ii) the title 
of the Work if supplied; (iii) to the extent reasonably practicable, 
the URI, if any, that Licensor specifies to be associated with the 
Work, unless such URI does not refer to the copyright notice 
or licensing information for the Work; and, (iv) consistent with 
Section 3(b), in the case of an Adaptation, a credit identifying the 
use of the Work in the Adaptation (e.g., "French translation of the 
Work by Original Author," or "Screenplay based on original Work 
by Original Author"). The credit required by this Section 4(d) 
may be implemented in any reasonable manner; provided, how-
ever, that in the case of a Adaptation or Collection, at a minimum 
such credit will appear, if a credit for all contributing authors of 
the Adaptation or Collection appears, then as part of these credits 
and in a manner at least as prominent as the credits for the other 
contributing authors. For the avoidance of doubt, You may only 
use the credit required by this Section for the purpose of attribu-

tion in the manner set out above 
and, by exercising Your rights under 
this License, You may not implicitly 
or explicitly assert or imply any 
connection with, sponsorship or 
endorsement by the Original Author, 
Licensor and/or Attribution Parties, 
as appropriate, of You or Your use 
of the Work, without the separate, 
express prior written permission of 

the Original Author, Licensor and/or Attribution Parties.
For the avoidance of doubt:

Non-waivable Compulsory License Schemes. In those jurisdic-
tions in which the right to collect royalties through any statutory 
or compulsory licensing scheme cannot be waived, the Licensor 
reserves the exclusive right to collect such royalties for any 
exercise by You of the rights granted under this License;
Waivable Compulsory License Schemes. In those jurisdictions in 
which the right to collect royalties through any statutory or com-
pulsory licensing scheme can be waived, the Licensor reserves 
the exclusive right to collect such royalties for any exercise by 
You of the rights granted under this License if Your exercise of 
such rights is for a purpose or use which is otherwise than non-
commercial as permitted under Section 4(c) and otherwise waives 
the right to collect royalties through any statutory or compulsory 
licensing scheme; and,
Voluntary License Schemes. The Licensor reserves the right to 
collect royalties, whether individually or, in the event that the 
Licensor is a member of a collecting society that administers 
voluntary licensing schemes, via that society, from any exercise 
by You of the rights granted under this License that is for a 
purpose or use which is otherwise than noncommercial as permit-
ted under Section 4(c).
Except as otherwise agreed in writing by the Licensor or as may 
be otherwise permitted by applicable law, if You Reproduce, 
Distribute or Publicly Perform the Work either by itself or as part 
of any Adaptations or Collections, You must not distort, mutilate, 
modify or take other derogatory action in relation to the Work 
which would be prejudicial to the Original Author's honor or 
reputation. Licensor agrees that in those jurisdictions (e.g. Japan), 
in which any exercise of the right granted in Section 3(b) of this 
License (the right to make Adaptations) would be deemed to be 
a distortion, mutilation, modification or other derogatory action 
prejudicial to the Original Author's honor and reputation, the Li-
censor will waive or not assert, as appropriate, this Section, to the 
fullest extent permitted by the applicable national law, to enable 

You to reasonably exercise Your right under Section 3(b) of this 
License (right to make Adaptations) but not otherwise.
5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE 
PARTIES IN WRITING AND TO THE FULLEST EXTENT 
PERMITTED BY APPLICABLE LAW, LICENSOR OFFERS 
THE WORK AS-IS AND MAKES NO REPRESENTATIONS 
OR WARRANTIES OF ANY KIND CONCERNING THE 
WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, 
INCLUDING, WITHOUT LIMITATION, WARRANTIES OF 
TITLE, MERCHANTABILITY, FITNESS FOR A PARTICU-
LAR PURPOSE, NONINFRINGEMENT, OR THE ABSENCE 
OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE 
PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT 
DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW 
THE EXCLUSION OF IMPLIED WARRANTIES, SO THIS 
EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT 
REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL 
LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY 
FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, 
PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT 
OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF 
LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF 
SUCH DAMAGES.

7. Termination

This License and the rights granted hereunder will terminate 
automatically upon any breach by You of the terms of this 
License. Individuals or entities who have received Adaptations or 
Collections from You under this License, however, will not have 
their licenses terminated provided such individuals or entities 
remain in full compliance with those licenses. Sections 1, 2, 5, 6, 
7, and 8 will survive any termination of this License.
Subject to the above terms and conditions, the license granted 
here is perpetual (for the duration of the applicable copyright 
in the Work). Notwithstanding the above, Licensor reserves the 
right to release the Work under different license terms or to stop 
distributing the Work at any time; provided, however that any 
such election will not serve to withdraw this License (or any other 
license that has been, or is required to be, granted under the terms 
of this License), and this License will continue in full force and 
effect unless terminated as stated above.
8. Miscellaneous

Each time You Distribute or Publicly Perform the Work or a 
Collection, the Licensor offers to the recipient a license to the 
Work on the same terms and conditions as the license granted to 
You under this License.
Each time You Distribute or Publicly Perform an Adaptation, 
Licensor offers to the recipient a license to the original Work 
on the same terms and conditions as the license granted to You 
under this License.
If any provision of this License is invalid or unenforceable under 
applicable law, it shall not affect the validity or enforceability of 
the remainder of the terms of this License, and without further 
action by the parties to this agreement, such provision shall be 
reformed to the minimum extent necessary to make such provi-
sion valid and enforceable.
No term or provision of this License shall be deemed waived 
and no breach consented to unless such waiver or consent shall 
be in writing and signed by the party to be charged with such 
waiver or consent.
This License constitutes the entire agreement between the parties 
with respect to the Work licensed here. There are no understand-
ings, agreements or representations with respect to the Work not 
specified here. Licensor shall not be bound by any additional 
provisions that may appear in any communication from You. This 
License may not be modified without the mutual written agree-
ment of the Licensor and You.
The rights granted under, and the subject matter referenced, in 
this License were drafted utilizing the terminology of the Berne 
Convention for the Protection of Literary and Artistic Works (as 
amended on September 28, 1979), the Rome Convention of 1961, 
the WIPO Copyright Treaty of 1996, the WIPO Performances and 
Phonograms Treaty of 1996 and the Universal Copyright Conven-
tion (as revised on July 24, 1971). These rights and subject 
matter take effect in the relevant jurisdiction in which the License 
terms are sought to be enforced according to the corresponding 
provisions of the implementation of those treaty provisions in 
the applicable national law. If the standard suite of rights granted 
under applicable copyright law includes additional rights not 
granted under this License, such additional rights are deemed to 
be included in the License; this License is not intended to restrict 
the license of any rights under applicable law.

http://creativecommons.org/licenses/by-nc-sa/3.0/
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•	 This	educational	module	provides	users	with	concepts	and	
examples	for	the	development	of	ethical	tools	for	analysis.	
Ethical	tools	are	used	to	identify	and	design	towards	opti-
mal	solutions	that	satisfy	a	wide	variety	
of	ethical	dimensions.	

•	 Users	 of	 this	module,	 and	 any	module	
within	the	Ethical	Dimensions	of	Scien-
tific	Research	series,	are	enhancing	and	
refining	their	moral	literacy.	

•	 We	 present	 here	 a	 unified	 approach	 for	 understanding,	
engaging,	and	responding	to	questions	concerning	ethical	
and	moral	behavior	encountered	in	the	production	and	ap-
plication	of	research.	A	unified	approach,	though,	does	not	
mean	that	it	is	universal	and	applicable	to	all	contexts.

•	 One	issue	always	worthy	of	consideration	concerns	address-
ing,	 “who	bears	 the	burden	of	 intended	and	unintended	
consequences	of	our	research?”
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•	 Scientific	research	comprises	more	than	just	studies	within	
a	lab	setting.

•	 The	 production	 of	 scientific	 research	
is	 tied	 to	politics,	 social	needs,	public	
funding,	venture	capital,	human	health,	
environmental	 security,	 and	 econom-
ic	development,	as	well	as	many	other	
concerns	of	human	society.

•	 Research	ethics	as	broadly	defined,	thus,	are	a	matter	of:
•	 responsible	professional	conduct	fitting	to	the	norms	

of	a	research	community	(procedural	ethics);	
•	 require	a	consideration	of	the	broader	social,	political,	

and	economic	impacts	(extrinsic	ethics);	
•	 and,	point	to	where	(social,	personal,	institutional)	val-

ues	and	preferences	become	embedded	in	the	analytical	
inputs	and	outputs	of	research	itself	(intrinsic	ethics).	

RESEARCH ETHICS
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Consequences
•	 Choices	made	during	research	have	ethical	consequences.
•	 It	is	not	always	obvious	what	is	right	and	wrong	behavior	

in	certain	situations.	
•	 Understanding	how	to	make	good	choices	as	practitioners	

and	leaders	in	the	field	of	nanotechnology	will	require	both	
scientific	knowledge	and	an	awareness	of	the	various	posi-
tions	 along	 with	 projected	
trade-offs.

•	 Tenured	 jobs	 are	 lost	 over	
research	 ethics	 violations,	
foreign	 nationals	 can	 be	 deported	 over	 non-compliance	
when	 researching	on	government	 funds,	 entire	 labs	have	
been	closed	due	to	ethics	violations.

•	 The	key	 is	 to	 learn	both	about	ethics	by	 improving	your	
ethical	and	moral	literacy	and	where	to	go	to	learn	more–
find	someone	you	can	talk	with.

Not paying attention to ethi-
cal norms and proper research 
conduct can impact careers.



Ethical Dimensions of  Nano Science and Technology Research Module one: Ethical Dimension of Scientific Research Overview

Ethical Dimensions

Extrinsic
Social

Political

Procedural
RCR

Professional

Intrinsic
Analytical
Technical

EDSR

•	 Research	 ethics	 is	 not	 a	 mat-
ter	of	memorization	of	rules	
about	 proper	 behavior.	
Rather,	 it	 is	 important	 to	
approach	learning		research	
ethics	 as	 the	 skill	 of	 being	
able	 to	derive	 the	 ethics	of	 a	
given	situation,	by	asking	simi-
lar	key	questions	across	multiple	
situations.

•	 As	developed	in	the	EDSR	approach,	three	main	categori-
cal	distinctions	for	research	ethics	used	here	are:	

•	 broader	social	and	political	 impacts	of	research	(extrinsic	
ethics);	

•	 research	practice	and	conduct	(procedural	ethics);	
•	 and	embedded	values	within	research	(intrinsic	ethics).
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PROCEDURAL ETHICS
•	 There	are	ethical	considerations	of	how	to	proceed	in	the	

course	of	conducting	any	manner	of	scientific	research.	
•	 These	are	referred	to	as	procedural	ethics	and	signify	the	

typical	areas	of	responsible	conduct	of	research,	including	
issues	such	as	falsification	of	data,	fabrication	of	data,	and	
plagiarism,	 as	 well	 as	 con-
siderations	around	conflicts	
of	 interest,	 research	 mis-
conduct,	 treatment	 of	 hu-
man	 and	 animal	 subjects,	
and	responsible	authorship.

•	 Every	 job	 occupied,	 every	
grant	received	and	every	pa-
per	published	by	someone	who	engages	in	misconduct	deprives	
at	least	one	honest	scientist	of	an	opportunity	to	which	he	or	
she	was	entitled.”	Herbert	N.	Arst,	Jr.,	Imperial	College	School	
of	Medicine,	London.	Nature	403:478,	2000.

Nine main areas to consider in the Re-
sponsible Conduct of Research:
• Data Acquisition, Management, Shar-

ing and Ownership
• Conflict of Interest and Commitment
• Human Subjects
• Animal Welfare
• Research Misconduct
• Publication Practices and Responsi-

ble Authorship
• Mentor / Trainee Responsibilities
• Peer Review
• Collaborative Science 
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•	 Known	as	the	three	“cardi-
nal	 sins”	 of	 research	 con-
duct,	falsification, fabrica-
tion, and plagiarism	(FFP)	
are	the	primary	concerns	in	
avoiding	 research	 miscon-
duct.

•	 Falsification	is	the	changing	
or	omission	of	research	re-
sults	(data)	to	support	claims,	hypotheses,	other	data,	etc.

•	 Fabrication	is	the	construction	and/or	addition	of	data,	ob-
servations,	or	characterizations	that	never	occurred	in	the	
gathering	of	data	or	running	of	experiments.

•	 Plagiarism	 is	using	or	 representing	 the	work	of	others	 as	
your	own	work.	Not	properly	citing	sources	is	one	of	the	
most	common	forms	of	research	misconduct.

Falsification, Fabrication, Plagiarism
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Conflicts of Interest
•	 Personal	 obligations,	 connections	 to	 other	 institutions,	

participation	in	other	research	programs,	or	drawing	from	
competing	pools	of	funding	can	influence	one’s	capacity	to	
be	impartial	in	a	given	situ-
ation.

•	 Knowing	 when	 we	 are	 or	
are	 not	 able	 to	 think	 out-
side	 of	 our	 other	 interests	
is	crucial	to	understanding	
how	to	avoid	possible	con-
flicts	of	interest.	

•	 The	key	to	avoiding	possible	conflicts	of	interest	is	trans-
parency	of	plausible	interest	in	a	given	situation.	Reveal	all	
relevant	connections	to	the	case	at	hand.	

•	 Recuse	oneself		from	the	case	at	hand	if	necessary.
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Care for Data
•	 Data	are	the	core	of	research.	The	recent	requirements	by	

federally	funded	grants	to	develop	data	management	plans	
summarizes	the	imperatives	here,	including	long-term	stor-
age	of	data,	sharing	of	data,	and	other	aspects	of	assuring	
data	integrity,	continuity,	and	federation.	

•	 Interoperability	of	data,	particularly	across	research	institu-
tions	is	crucial	in	conducting	collaborative	research	across	
a	large	network.

•	 	Paying	attention	and	adher-
ing	 to	meta-data	 standards	
(information	 about	 data	
types	 and	 data	 structures)	
is	 of	 growing	 importance	
in	sharing	data	between	re-
search	communities,	across	
disciplines,	 between	 regu-
latory	 institutions,	 govern-
mental	offices,	and	NGOs.

National Science Foundation (NSF) 
Data Sharing Policy:

Investigators are expected to share 
with other researchers, at no more 
than incremental cost and within a 
reasonable time, the primary data, 
samples, physical collections and 
other supporting materials created 
or gathered in the course of work 
under NSF grants. Grantees are ex-
pected to encourage and facilitate 
such sharing.

http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
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Responsible Authorship
•	 The	identification	of	authors,	the	ordering	of	authors,	the	

speed	of	publication	of	research	findings,	modes	of	research	
dissemination,	acknowledgements,	relevancy,	and	other	as-
pects	of	publishing	and	disseminating	findings.

•	 It	is	extremely	important	to	
adequately	 and	 accurately	
cite	literature	to	give	credit	
to	those	who	have	conduct-
ed	research	before	you.		

•	 It	 is	 better	 to	 be	 cautious	
and	 cite	 when	 unsure	 to	
avoid	even	the	appearance	of	plagiarism.

•	 Authorship	 credit	 should	 go	 to	 anyone	providing	 a	 sub-
stantial	intellectual	contribution	to	the	paper.

•	 It	is	worth	discussing	authorship	at	the	beginning	of	a	proj-
ect	to	avoid	conflicting	expectations	when	it	comes	time	to	
publish.

“Authorship and collaboration 
problems are a serious threat to 
the research enterprise and to 
the motivation of young scien-
tists, especially when they in-
volve misappropriation of ideas 
and data.” Floyd E. Bloom. Science 
287:589, 2000.
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EXTRINSIC ETHICS
•	 Nanotechnology	 presents	

significant	 challenges	 and	
opportunities	 to	 	 questions	
concerning	the	broader	im-
pacts	on	 societal	 (econom-
ic,	 political,	 cultural)	 and	
environmental	 (ecological,	
biological,	 land-use)	 do-
mains.

•	 Further	 considerations	 of	
issues	 around	 the	 distribu-
tion	of	benefits	 and	harms	
of	nanotechnology	need	to	
also	be	taken	into	account,	
to	assure,	for	example,	that	
nanotechnology	 does	 not	
benefit	only	already	well-off	
sectors	of	society.

Issues to consider about the extrinsic 
ethics of nanotechnology:
• What are the public policy and/or 

legal implications of research?
• Are there questions around intel-

lectual property?
• Is the research potentially trans-

formative of society and/or econ-
omy?

• Are there dimensions of social jus-
tice that need to be considered?

• Are there educational dimensions 
to the research?

• Does the research take into ac-
count underrepresented groups?

• Are there issues about privacy that 
need to be considered?

• Are risks to health and environ-
ment being adequately considered 
in a precautionary manner?

• Have long-term considerations 
about future impacts been taken 
into account?
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Policy Implications
•	 Scientific	 research	 can	 and	

often	 does	 impact	 public	
policy	in	a	manner	of	ways.	
Understanding	 that	 one’s	
research	may	be	 applicable	
to	 informing	public	 policy	
decisions	or	be	subject	to	regulatory	mechanisms	is	crucial.

•	 There	 are	many	 three	main	 intersections	 between	 policy	
and	research	that	need	to	be	considered,	such	as:	

•	policy	and	regulation	about	the	scientific	research	and/
or	technology	(policy	of	science,	or	science	policy);	

•	scientific	research	and	technological	capacity	often	in-
forms	crucial	decision-making	processes,	such	as	deter-
mination	of	risks	and	evaluation	of	responses	(science	
for	policy);	

•	and,	 institutional	 policies	 in	 support	 of	 funding	 and	
conducting	research	(research	management	policy).
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•	 Nanotechnology	will	present	some	of	its	own	unique	legal	
challenges,	particularly	where	regulatory	issues	cross	paths	
with	property	 rights,	 ownership,	public	domain,	 surveil-
lance,	and	privacy.

•	 Nanotechnology,	unlike	other	similar	
technical	areas	(such	as	biotech	or	mi-
croelectronics)	is	undergoing	the	pat-
enting	of	many	fundamen-
tal	processes.

•	 As	nanotechnology	is	really	
really	small,	certainly	work-
ing	below	the	detection	of	normal	human	perceptions,	it	
provides	significant	opportunities	for	the	development	of	
undetectable	monitoring	systems,	which	can	bring	up	sig-
nificant	issues	around	molecular	privacy,	awareness	of	sur-
veillance,	 and	ownership	of	molecular	 information	gath-
ered	from	monitoring.

Intellectual and Personal Property

As of June 28th, 2011, the US 
Patent Office has granted 
7,000 nanotechnology (Class 
977) related patents.

http://www.uspto.gov/web/patents/classification/uspc977/sched977.htm
http://www.uspto.gov/web/patents/classification/uspc977/sched977.htm
http://www.uspto.gov/web/patents/classification/uspc977/sched977.htm
http://www.uspto.gov/web/patents/classification/uspc977/sched977.htm
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Changes in Economy and Society
•	 Nano	 science	and	 technol-

ogy	 present	 possibilities	
which	 could	 potentially	
transform	the	shape	of	eco-
nomic	production,	output,	
market	arrangements,	etc.

•	 It	is	crucial	to	ask	whether	
the	 research	 could	 impact	
how	society	functions	on	a	
day-to-day	basis,	for	exam-
ple,	such	as	how	we	grow	food,	produce	energy,	etc.

•	 The	public	understanding	of	nanotechnology	presents	sig-
nificant	challenges,	particularly	in	trying	to	communicate	
risks,	challenges	etc.

•	 The	full	arrival	of	a	nanotechnology	based	manufacturing	
will	have	profound	effects	on	traditional	modes	of	fabrica-
tion	and	production.	

Nanotechnology - which some scientists 
and business leaders hail as ushering in 
the next technology-driven Industrial 
Revolution - promises to be one of the 
critical foundations for this new innova-
tion economy. 
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Social Justice
•	 Most	people	would	tend	to	

agree	 with	 the	 stance	 that	
our	 developments	 in	 sci-
ence	and	technology	should	
adhere	to,	or	at	least	not	be	
entirely	counter	to,	our	no-
tions	of	the	common	good,	
not	harming	others,	not	causing	further	hardships,	etc.	

•	 Distributive	Justice	(equity):	are	the	costs,	harms,	and	ben-
efits	of	nanotechnologies	being	distributed	equitably	over	
society?	

•	 Procedural	Justice	(due	process):	how	are	decisions	about	
nanotechnology	regulation	being	taken	into	account	and	
who	is	making	the	decisions	and	choices.	

•	 Intergenerational	 justice	 (long-term):	 choices	made	 now	
about	infrastructure,	 investments,	 longevity,	and	risk	can	
have	implications	for	generations	to	come.	
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Risk and Precaution
•	 Approaching	any	new	terri-

tory	in	science	and	technol-
ogy	 can	 present	 great	 pay-
offs	and	public	goods,	but	they	can	also	present	daunting	
challenges	 that	 can	 change	 and	 shape	 international	 rela-
tions.

•	 Understanding	and	fully	defining	the	risks	of	a	given	tech-
nical	 scenario	 require	 both	 an	 analysis	 of	 the	 science	 it-
self	(see	intrinsic	ethics	issues	on	handling	of	uncertainty),	
and	a	projection	as	to	how	the	technology	could	potentialy	
cause	 harm	or	 otherwise	 negatively	 impact	 human	well-
being.	

•	 Precaution	in	the	face	of	risk	needs	to	be	considered	and	
taken	into	account	in	any	case,	and	certain	aspects	of	nano-
technology	can	present	an	exceptional	risk	
to	human	and	environmental	health.

“Molecular manufacturing and nanotech-
nology are not one technology, but rather a 
spectrum of technologies, with radically dif-
ferent risk profiles.” (Foresight 2006)
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•	 While	 considerations	 of	
procedural	 ethics	 require	 a	
framework	 of	 responsible	
research	 behavior	 and	 ex-
trinsic	 ethics	 requires	 an	
explicit	 consideration	 of	
broader	 impacts,	 intrin-
sic	ethics	 requires	a	deeper	
analysis	of	how	the	research	
itself	 is	 constructed	 and	
where	certain	choices	being	made	in	the	line	
of	research	embed	value	judgements	and	can	
impact	real-world	outcomes.

•	 The	basic	idea	of	intrinsic	ethics	concerns	choices	that	seem	
to	be	only	considered	in	mathematical	or	within	the	terms	
of	the	art,	yet	can	embed	certain	values	and	result	in	differ-
ent	implications	as	to	the	application	or	future	direction	of	
the	nano-knowledge.

INTRINSIC ETHICS
Some issues to consider about the in-
trinsic ethics of nanotechnology:
• How are standards of proof, errors, 

and uncertainties handled in a given 
analysis? 

• What constitutes empirical adequacy 
and how consistent are results, over 
how many runs?

• What is the scope? Are some dimen-
sions of the analysis oversimplified?

• What classification typologies are 
being used (ontologies)?

• How / what methods were selected?
• What went into the choice of research 

questions? 
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•	 Values	 and	ethics	become	embedded	within	 the	produc-
tion	 of	 research,	 often	 times,	 at	 the	 very	 decision	 about	
research	topic	and	question.

•	 Choice	 of	 Research	 Questions:	
research	results	are	inevitably	im-
pacted	by	the	scope	and	range	of	
research	questions.

•	 Frameworks	and	Global	Assump-
tions:	interests	of	the	researcher	are	
reflected	in	accepting	certain	framework	conditions,	such	
as	the	representational	limits	of	an	analysis,	or	in	choosing	
the	 values	 of	 certain	 variables,	within	 a	model,	 as	 being	
“more”	 representative	of	 reality	 than	 a	different	 variable,	
model,	or	limit.

•	 Causal	 Explanations	 and	 Narratives:	 causal	 explanations	
produce	 a	 conception	 as	 to	what	 is	 happening	within	 a	
given	nanotechnology	model	or	analysis.	

Framing Research
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•	 How	do	we	determine	what	we	are	seeing	adequately	sup-
ports	our	claims?	

•	 Empirical	Adequacy	and	Consistency:	were	adequate	tests	
conducted	to	assure	the	phenomena	observed	is	consistent,	
is	the	study	reproducible,	or	is	the	instrumentation	work-
ing	 within	 viable	 parameters	
and/or	limits	of	observation.

•	 Simplicity/Scope:	what	 is	 the	
scope	of	the	study	under	con-
sideration,	is	the	study	signifi-
cantly	 comprehensive	 to	 be	
relevant	to	various	conditions?	

•	 Complex	phenomena	require	complex	models	and	descrip-
tions.	Not	adding	enough	complexity	to	a	research	hypoth-
esis	could	result	in	oversimplification	of	a	situation,	leaving	
out	crucial	thresholds	or	other	limits	in	the	system(s)	un-
der	consideration.	

Empirical Adequacy & Simplicity
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•	 What	 constitutes	 certainty	
about	 a	 given	observation?	
How	many	times	must	it	be	
observed	to	be		considered	
“valid	proof”	of	a	particular	
event?	 What	 is	 considered	
to	be	statistically	significant	
for	a	given	event	to	be	oc-
curing?	

•	 Standards	 of	 Proof	 and	
Handling	of	Uncertainties:	
standards	of	proof	often	in-
corporate	social	values.	

•	 Type	I	and	II	errors	can	have	
significant	impacts	in	nano-
applications	and	need	to	be	
considered	 by	 researchers	
and	peer-reviewers.

Standards of Proof & Uncertainty

Type I error: (false positive) where the 
test produces a positive result when 
the negative result is the case, such 
as in a medical patient testing posi-
tive for a disease they do not have. In 
terms of data analysis, new informa-
tion falsely changes previous esti-
mates of uncertainty.

Type II error: (false negative) where 
the test produces a negative result 
the when the positive result is the 
case, such as when a medical patient 
has an ailment that goes undetected 
by test(s). Regarding data, new infor-
mations does not correctly change 
previous estimates of probability of 
occurrence. 

Both types of errors present different 
costs in different contexts, and result 
in a choice about values.
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•	 Methods	selection	itself,	can	shift	over	the	duration	of	the	
experimental	process	(though,	hopefully	not	during	an	ex-
periment!)	of	a	given	investigation.	As	we	travel	 through	
the	 research	 process,	 we	 gather	 data	 about	 observations.	
This	data	is	shaped	by	our	selection	of	methods,	and	also	
conforms	to	our	classification	schemes.	

•	 Methods	Selection:	choice	of	methods	for	either	data	col-
lection	and/or	analysis	reflects	the	context	of	the	researcher	
and	impact	significantly	the	intellectual	merit	and	frame-
work	of	the	nanotechnology	research.	

•	 Classifications	 and	 Ontologies:	 the	
classification	 of	 an	 observation	 or	
phenomena,	 particularly	 when	 the	
classification	strategy	is	being	developed,	the	adequacy	of	
certain	definitions,	granularity	of	classifications,	etc.,	can	
have	significant	impacts	in	later	developments,	lead	to	cer-
tain	oversights,	and	even	lead	to	misleading	conclusions.

Methods & Classifications
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RESOURCES
The National Nanotechnology Infrastructure Network 
(NNIN) “is an integrated partnership of fourteen user fa-
cilities, supported by NSF, providing unparalleled oppor-
tunities for nanoscience and nanotechnology research. 
The network  provides extensive support in nanoscale 
fabrication, synthesis, characterization, modeling, de-
sign, computation and hands-on training. in an open, 
hands-on environment, available to all qualified users.”  
http://www.nnin.org/

NNIN Societal and Ethical Issues (SEI) Portal
“SEI is concerned with the social and ethical dimensions 
of nanotechnology research, development, and applica-
tion. SEI challenges the assumption that nanoscience 
- and science and technology in general - are merely 
technical affairs, understandable and describable in the 
language of numbers, chemistry or mathematics.  Instead, 
it is deeply embedded in the social world and in the con-
text of issues such as potential benefits and risks of nano-
products (i.e., health, safety, and environmental) and the 
“problems” these products are designed to “solve.”  Also 
of importance is how individuals - nanoscientists includ-
ed - perceive and react to these issues.  What are the per-
ceived risks and benefits?  Why do we emphasize certain 
risks and benefits over others?  What “problems” are we 
most concerned about? Nanoscientists may not have all 
the answers if asked to describe the social or ethical im-
plications of their research.  However, beginning to think 
about them is an important first step.” http://sei.nnin.org/

Institute of Electrical and Electronics Engineers (IEEE) 
“Through its Ethics and Member Conduct Committee, 
IEEE aims to: foster awareness on ethical issues; promote 

ethical behavior amongst those working within IEEE 
fields of interest; create a world in which engineers and 
scientists are respected for exemplary ethical behavior.” 
Review the IEEE Code of Ethics. • Review ethics cases.

National Academy of Engineers (NAE)
“Founded in 1964, the National Academy of Engineering 
(NAE) is a private, independent, nonprofit institution that 
provides engineering leadership in service to the nation. 
The mission of the National Academy of Engineering is 
to advance the well-being of the nation by promoting a 
vibrant engineering profession and by marshalling the 
expertise and insights of eminent engineers to provide 
independent advice to the federal government on matters 
involving engineering and technology.” 
http://www.nae.edu/ 

Within the NAE
“The overarching mission of Center for Engineering, 
Ethics and Society (CEES) is to engage engineering 
leaders in examining the ethical and societal challenges 
of engineering and bringing them to the attention of the 
engineering profession and society.” 
http://www.nae.edu/26187.aspx

“The Online Ethics Center (OEC) is maintained by the 
National Academy of Engineering (NAE) and is part of 
the Center for Engineering, Ethics, and Society (CEES). 
The CEES started in April 2007 and plans conferences 
and other research and educational activities under the 
direction of the CEES advisory group.” 
http://www.onlineethics.org/

http://www.nnin.org/
http://www.nnin.org/
http://www.nnin.org/
http://sei.nnin.org/
http://sei.nnin.org/
http://www.ieee.org/about/corporate/governance/p7-8.html
http://www.ieee.org/about/ethics/ethics_resources.html
http://www.nae.edu/
http://www.nae.edu/26187.aspx
http://www.onlineethics.org/
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