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Introduction 

Every day, numerous statements about how things relate to each other can be seen and 
heard everywhere. Science is normally thought of as the way of conduct that provides 
certainty about such relationships. However, beliefs and unsubstantiated statements can 
often be seen, also within science. 

So, what are the principles of science then? 

It is hard to tell, as a well-defined set of principles for science does not seem to be readily 
available. 

That position seems to be supported by the following quote from National Academy of 
Sciences: 

“The basic and particular principles that guide scientific research practices exist primarily 
in an unwritten code of ethics. Although some have proposed that these principles should 
be written down and formalised, the principles and traditions of science are, for the most 
part, conveyed to successive generations of scientists through example, discussion, and 
informal education.” 

Ref.: Responsible Science, Volume I: Ensuring the Integrity of the Research Process; Panel 
on Scientific Responsibility and the Conduct of Research 

What can be found in abundance, however, are codes of conduct like Singapore 
Statement on Research Integrity,  EPA’s Principles of Scientific Integrity, Max Planck Society 
- Rules of good scientific practice, or  The European Code of Conduct for Research 
Integrity. But none of these provides a well-defined set of basic principles for science. 

Even a highly influential work within the philosophy of science: "The logic of scientific 
discovery", by Karl Popper, does not provide a set of well-defined principles for science. 
See section "5 Perspective on definitions and truth" in this work for an elaboration of this 
point. 

The many controversies about scientific issues indicate that it would be beneficial to have 
the basic principles of science defined. Unfortunately, it is not obvious what these 
principles should be. 

http://www.nap.edu/catalog/1864.html
http://www.nap.edu/catalog/1864.html
http://www.nap.edu/catalog/1864.html
http://web.archive.org/web/20161125190531/www.singaporestatement.org/statement.html
http://web.archive.org/web/20161125190531/www.singaporestatement.org/statement.html
https://web.archive.org/web/20170226192303/https://www.epa.gov/sites/production/files/2014-11/documents/epa-principles-of-scientific-integrity.pdf
http://web.archive.org/web/20161220192636/http://www.mpi-bremen.de/Binaries/Binary18773/rulesScientificPract.pdf
http://web.archive.org/web/20161220192636/http://www.mpi-bremen.de/Binaries/Binary18773/rulesScientificPract.pdf
https://web.archive.org/web/20170607213236/http://archives.esf.org/index.php?eID=tx_nawsecuredl&u=0&g=0&t=1496961077&hash=e387ec7dd613901be5427ae10fcea63ad54e4d4c&file=/fileadmin/be_user/CEO_Unit/MO_FORA/MOFORUM_ResearchIntegrity/Code_Conduct_ResearchIntegrity.pdf
https://web.archive.org/web/20170607213236/http://archives.esf.org/index.php?eID=tx_nawsecuredl&u=0&g=0&t=1496961077&hash=e387ec7dd613901be5427ae10fcea63ad54e4d4c&file=/fileadmin/be_user/CEO_Unit/MO_FORA/MOFORUM_ResearchIntegrity/Code_Conduct_ResearchIntegrity.pdf


This work is based on the assumption that a set of principles can be defined - and is 
nothing less than a bold attempt to cut into the core of this issue and provide a set of 
fundamental principles for science. Principles that can be used to distinguish 
independently verifiable knowledge from beliefs – or to recognize “fake news” or “dubious 
science” for that matter. 

Some of the principles presented here may be recognized as principles that are phrased in 
various ways in various sources. Others are distilled from existing international standards. 
However, this is an original work that provides a unique set of well-defined principles. 

This work itself, or parts thereof, can be proven wrong simply by identifying a flaw, a 
logically invalid principle or a flawed definition. It can also be proven wrong by identifying 
a concept known to be true that can not be put forward in a way that complies with all 
relevant principles or a concept known to be wrong that complies with all relevant 
principles.  

The idea that a set of well-defined principles for science does not already exist may also be 
wrong since it is hard to prove that something does not exist. Anyhow, that idea can also 
be proven wrong simply by providing a link to such principles. 

The words that are essential to this thesis are defined in the ´Definitions´ section. The 
reason why most terms are defined within this work is that there are many different 
dictionaries available at the fingertips of any reader. This work cannot rely on undefined 
terms or terms having various definitions, as even slightly different definitions will change 
the conclusions that can be drawn on the basis of this work and possibly make it 
inconsistent or logically invalid. 



1 The logical basis for science 

The three traditional laws of logic 

This thesis is founded on the three traditional laws of logic: 

The law of identity: a thing is itself. (For all A: A = A) 

The law of non-contradiction: A thing can not simultaneously be and not be. In other 
words, two contradictory statements cannot both be true in the same context at the same 
time: ¬(A∧¬A) 

(Symbols: ¬ = not ; ∧ = and ) 

The law of excluded middle: Truth is a binary alternative. In accordance with the law of 
excluded middle or excluded third, every logically valid proposition evaluates to true or 
false. Anything that is not true is false: A∨¬A 

(Symbol: ∨ = exclusive or ) 

Reasoning and formation of concepts 

One way of expressing relationships in nature is a proposition on the form: 

If A then B 

However, the context is essential for the truth of a proposition. If an object is dropped in a 
vacuum near the surface of the earth, then the acceleration due to gravity will be 
approximately constant at 9,8 m/s^2. That proposition is not true if the object is dropped 
in air, as the drag force from the air will then reduce the acceleration as the speed 
increases. 

Realizing that the context is essential to the truth of a proposition and that a measurand 
may be influenced by more than one other measurand, a more general form of a concept 
will be: 

"A well-defined measurand E has a well-defined relationship R with a set of well-defined 
measurands F within a well-defined context C." 



These three definitions (see the Definitions section) are essential to that definition of a 
concept and are therefore repeated here (See Definitions for all other definitions): 

´concept´: any expression of a relationship between two or more measurands 

´measurand´: a well-defined property that can be observed or quantified by a 
measurement 

´context´: a set of those things that have an influence on an observed, measured or 
predicted value 

Scientific concepts 

On the basis above, a more general and precise expression of a scientific concept will be: 

Within a well-defined n-dimensional space, the context C, where a set of well-defined 
measurands: M1, M2 … Mn, are present, and each measurand has a defined property, 
defined value, or a value within a defined set or range of values - then, measurand E = Mx 
has a well defined relationship R, with a subset F = My, Mz …. of all measurands in context 
C. 

That definition is here considered to be a general form of a scientific concept about nature. 
It should be possible to express all scientific concepts about nature in that form. 

Regarding truth 

Ultimately, science is not about what anyone believes. Science is about invention and 
definition of true concepts. 

By the law of the excluded middle, a proposition must be either true or false. A false 
statement or proposition can hardly be called scientific knowledge. Knowledge must be 
true, else it isn´t knowledge. 

If scientific concepts are supposed to be true, what about hypothesis then? 



About the truth of hypothesis 

An hypothesis is an unproven proposition about how things might relate that is put 
forward for further consideration. Hence, an hypothesis can be true or false. What is true 
about an hypothesis, however, is that it is a statement or proposition that has not yet been 
demonstrated to be right or wrong. 

Hence, a clearly identified hypothesis does not breach the law of excluded middle. It is 
true that it has not yet been proven right or wrong. Therefore, a concept that has not been 
proven right or wrong should be clearly identified as an hypothesis. 

The truth of scientific concepts 

A scientific concept is here regarded to be true If the relationship R between measurand E 
and measurands F has been validated for all points in the context C, and no sound 
argument can be found against the validity of the concept, or the test of it. 

If a sound and uncontradictable argument can be stated against the way a concept has 
been tested, the concept should be regarded as an hypothesis. 

If a sound and uncontradictable argument can be stated against the truth of a concept, 
there must be something wrong with the concept - the concept is not true the way it has 
been defined. 

Objectivity 

Another essential characteristic of scientific knowledge is here regarded to be that 
scientific knowledge must be independent of individuals. A concept that is supposed to be 
scientific should, therefore, be independently verifiable. 

Definition of a scientific concept 

On the basis above, the fundamental perspective on science that is taken in this thesis is 
that: 

A scientific concept is a true and independently verifiable concept that can not be 
contradicted by a sound argument. 



Two essential characteristics of scientific conduct 

By this definition of a scientific concept, two essential characteristics of scientific conduct 
emerge: 

The primary essential characteristic of scientific conduct is the urge to construct true and 
independently verifiable concepts that can not be contradicted by a sound argument 

However, if counterarguments are not searched for, a concept may seem true even if it is 
not, Hence:  

The second essential characteristic of scientific conduct is the search for sound and 
significant arguments against a concept 

The search for sound and significant arguments against a concept helps to identify sound 
counter-arguments that will have to be resolved to arrive at a true concept, if at all 
possible. 

“The discovery of instances which confirm a theory means very little if we have not tried, 
and failed, to discover refutations. For if we are uncritical we shall always find what we 
want: we shall look for, and find, confirmation, and we shall look away from, and not see, 
whatever might be dangerous to our pet theories. In this way, it is only too easy to obtain 
what appears to be overwhelming evidence in favor of a theory which, if approached 
critically, would have been refuted.” 

― Karl Popper, The Poverty of Historicism 



How can we know that no more sound counterarguments can be 
found? 

How can we know that no more sound arguments can be found against the validity of a 
concept? 

The way that ´Technology readiness levels´of concepts are evaluated in space technology 
and industry is interesting in that respect. The highest technology readiness level: ´proven 
technology´ gives a clue to when no more sound counterarguments can be found against 
a concept: Proven technology has been integrated into the intended operating system and 
operated in the intended context. The technology has successfully operated with 
acceptable performance and reliability within the predefined criteria. 

It is worth noting that by this definition of a proven concept, a theoretical consideration 
alone can not prove correspondence between predicted capability and observed 
performance. As there exists a vast amount of possible errors in any advanced concept, it 
is near impossible to reveal all possible errors of a concept by theoretical a priori 
considerations alone. A comparison between stated capability and observed capability is 
required to conclude on the capabilities of a concept. 

Concepts vs. constructions 

By the definitions that are used in this thesis, a concept should be well-defined and have a 
well-defined capability of prediction for a well-defined context. (See §P6 The definition 
principle in next section)  

Similarly, a construction should be well-defined and have a well-defined (stated) capability 
for a well-defined context. 

It is here considered that a construction can be evaluated by the same logic as a concept. 

Testing 

One form of testing is a comparison of a predicted measurand with a reference 
measurement that is traceable to the definition of the measurand. 



Often, the details of a technology are unknown, confidential, or too complex to be fully 
understood by single individuals. In these cases, the technology can only be evaluated on 
the basis of comparing test results with the stated capability of the concept. 

It is not necessary to understand the details of a concept to concluded if it passes a test or 
not. Even a non-specialist might be able to tell if a concept fails or passes a test, even 
though he may not be able to tell why. 

Independent testing 

If a concept fails a test, there must be something wrong with the concept - or the test of it. 

If it passes the test: The concept can be right, the test can be wrong, or both the concept 
and the test can be wrong. An erroneous test might create the impression that the concept 
is right even though it isn´t. 

By the existence of all these alternatives, a test can be non-conclusive as there may be 
something wrong with the test. 

Independent review or independent testing are commonly used to avoid the corruptions 
of mind that so easily infects anyone who tests his own concepts or constructions. To 
ensure that a test result is true, independent testing, by a laboratory that is accredited to 
perform a particular test, is often required for constituents that are essential to a concept or 
construction. 

If a concept or construction fails a test that is performed by an independent laboratory, 
there must be something wrong with it. Or, it might come to a discussion between 
independent parties about the cause of the discrepancy. Anyhow the possibility for a false 
test result is reduced by independent testing. 

Concluding on the truth of a concept on the basis of a test 

If a concept passes a test, it can be added to the documentation of that concept that it has 
passed that particular test at that particular point in the context. Nothing more is 
necessarily true about the correspondence between the predictions of the concept and 
observations. 



Regarding advanced concepts 

Advanced concepts will be a combination of concepts. All constituent concepts and their 
combinations must be true for a combined concept to be a true representation of what is 
observed. 

However, the tasks of: 

1. defining the context; 

2. defining the measurands; 

3. defining all relationships; 

4. designing and constructing reference measurements; 

5. designing and performing tests that are valid for all points in the context; 

6. documenting every aspect of the concept and the test of it; 

is at best tremendous. 

There can be a vast amount of points in an n-dimensional space. A test matrix that covers 
all points can be enormous. It can be a huge, and often impossible, task to define, 
construct and perform tests that cover the full context for which the concept is possibly 
true. An insurmountable amount of testing might be required to conclude on the validity 
of a concept. 

However, for each successful test, it can be added to the documentation of the concept 
that it has successfully passed that test in that context at that test-point. 

Interpolation, extrapolation, and generalization 

On the basis of a test, it might be possible to put forward a sound argument for 
interpolation that can not be contradicted. If a chair can hold the weight of itself and the 
weight a heavy person it is hard to find a sound argument that the chair can not hold the 
weight of a light person. 



For a given concept, it might be possible to put up sound arguments for interpolation, 
extrapolation, or generalization. However, interpolation between test points, extrapolation 
beyond test points or generalization beyond tested context are typical basis for sound 
counter-arguments against the truth of a concept.  

How one test can be sufficient to conclude that a concept is false 

Sometimes, It only takes one sound argument or one observation to demonstrate that 
there must be something wrong with a concept or construction. 

The space shuttle Challenger may serve as an example where one component in the 
construction was applied outside its validated context and caused its disintegration.  The 
Mars Climate Orbiter may serve as another example, where mismatching units between 
design and construction caused its crash landing on Mars. 

It may take many specialists to design, construct and test an advanced concept/
construction. But it may be sufficient with one independently verifiable observation of a 
situation where the relationship R between measurands E and F is not true, within context 
C, to conclude that the concept/construction is not true as defined - that there must be 
something wrong with it. 

“In general we look for a new law by the following process. First, we guess it. Then we 
compute the consequences of the guess to see what would be implied if this law that we 
guessed is right. Then we compare the result of the computation to nature, with 
experiment or experience, compare it directly with observation, to see if it works. If it 
disagrees with experiment it is wrong. In that simple statement lies the key to science. It 
does not make any difference how beautiful your guess is. It does not make any difference 
how smart you are, who made the guess, or what his name is – if it disagrees with 
experiment it is wrong. That is all there is to it.” 

– Lecture by Richard Feynman on Scientific Method (1964) 

https://er.jsc.nasa.gov/seh/explode.html
https://mars.jpl.nasa.gov/msp98/news/mco990930.html


2 The principles of science 

On the basis presented above, the following principles have here been defined to identify 
the essential requirements that a concept will have to fulfill to be regarded as scientific by 
the following definition of science: 

Definition of a scientific concept: 

A scientific concept is a true and independently verifiable concept that can not be 
contradicted by a sound argument. 

These are the things to look for in a scientific concept. If a concept fails to comply with a 
relevant principle, that shortcoming will be a reason for a sound argument against that 
concept. 

The principles of science: 

These principles can only be correctly interpreted by the definitions in the Definitions 
section in this thesis. 

§P1 The clarity principle 
A scientific argument consists of clearly stated premises, inferences and conclusions. 

§P2 The traceability principle 
A scientific premise is verifiable. Premises and their sources are identified and readily 
available for independent verification. 

§P3 The logical validity principle 
A scientific inference is logically valid. 

§P4 The deduction principle 
A scientific conclusion is deduced by application of axioms, definitions, theorems, 
measured properties or scientific concepts that have already been validated. 

§P5 The logical construction principle 
A scientific concept consists of statements that are logically valid conclusions deduced 
from premises that are themselves logically valid conclusions, axioms, definitions or 
theorems. 



§P6 The definition principle 
A scientific concept is well-defined and has a well-defined capability of prediction within a 
well-defined context. 

§P7 The validation principle 
A scientific concept can only be validated by comparison of predictions deduced from that 
concept with measurement results. Whenever predictions differ from measurement results, 
by more than the combined uncertainty of the measurement results and the claimed 
capability of the concept,  there must be something wrong with the concept – or the test of 
it. 

§P8 The context principle 
A scientific concept can only be referred to as validated for the context covered by the 
validating tests. 

§P9 The data availability principle 
A scientific statement is based on verifiable data. Data and precise information about how 
that data was obtained are readily available for independent verification. Whenever data 
are corrected or disregarded, both uncorrected and corrected data are provided together 
with a scientific argument for the correction. 

§P10 The measurement report principle 
A scientific measurement report contains traceable values, units and stated uncertainty for 
well-defined measurands in a well-defined context. 

§P11 The prediction report principle 
A scientific prediction report contains values, units and claimed capability for well-defined 
measurands in a well-defined context. 

These principles can only be interpreted as intended by applying the definitions in this 
thesis. To keep traceability to a full account with definitions and explanation, these 
principles can only be reproduced on the condition that a link to this version of the thesis 
is included. 



3 Arguments for The principles of science 

Before the arguments for The principles are presented, it should be noted that one of the 
ideas with this work has been to provide fundamental principles of science and 
corresponding ethical guidelines in a compact manner. In this thesis, a significant effort has 
been invested in limiting the amount of text to an essential minimum. These are the 
principles listed above together with their essential arguments: 

§P1: A scientific argument consists of clearly stated premises, inferences, and conclusions. 

The constituents of an argument can be recognized in §1 and the associated definitions. 

Within science, it should be possible to verify that an argument is sound - that the 
argument is based on true premises, and that the truth of the premises guarantees the 
truth of the conclusion. 

An essential characteristic of science is that arguments should be independently 
verifiable. To be able to verify that an argument is sound, the intended interpretation must 
be clear.  An argument that is open to multiple interpretations can not practically be 
verified by an independent party as it can not be known which interpretation is the correct 
one to verify. 

§P2: A scientific premise is verifiable. Premises and their sources are identified and readily 
available for independent verification. 

A premise can only be verified if it is properly referred to. Both the premise itself and the 
source containing the premise should be identified, and the source should be available for 
verification. 

If a premise can not be verified, the premise can only be accepted on the basis of a belief 
in the proponent of the argument. 

§P3: A scientific inference is logically valid. 

If an inference is not logically valid, it follows from the definitions that the truth of the 
premises does not guarantee the truth of the conclusion – it is possible for the premises to 
be true and the conclusion nevertheless to be false. Hence, the conclusion can then only 
be accepted on the basis of some kind of belief. 



§P4: A scientific conclusion is deduced by application of axioms, definitions, theorems or 
measured properties and scientific concepts that have already been verified or validated. 

A scientific conclusion may be applied in an argument for or against a propounded 
statement or concept, or as part of a scientific concept. 

A logically valid construction that ends up in a conclusion has to be based on something. 
In the case of abstract constructions like mathematics, the basis for the construction will be 
axioms, definitions, and theorems. 

In the case of constructions intended to provide a correspondence between an abstract 
construction and observations and measurements of nature (like physics), the axioms, 
definitions, and theorems may be about nature or about the correspondence between an 
abstract construction and nature. In this case, the construction may also be based on 
observed or measured properties or scientific concepts that have already been validated. 

As an example, it will normally be acceptable to base a scientific conclusion on a concept 
like Newton´s laws of motion within their validated context, or on a measured property like 
the gravitational acceleration (approximately 9,8 m/s^2 on earth). The application will 
dictate how accurate that measured property will have to be – whether 9,8 m/s^2 is 
sufficiently accurate or if a more accurate value is required. 

§P5: A scientific concept consists of statements that are logically valid conclusions 
deduced from premises that are themselves logically valid conclusions, axioms, definitions 
or theorems. 

The entire concept will have to be a logically valid construction that has a well-defined and 
true basis. If there are any logical fallacies in a construction, the result will be that the 
concept can only be accepted on the basis of some kind of belief. 

A concept that is under construction, or has not yet been validated, should be clearly 
identified as an hypothesis to avoid premature application of the concept. 

§P6: A scientific concept is well-defined and has a well-defined capability of prediction 
within a well-defined context. 



To facilitate independent judgment, the concept itself will have to be well-defined. If the 
concept is not well-defined, it can not be tested by an independent party. An independent 
party will not know what to test and how to test it.  

Concepts are only valid within a context. One example of this is classical physics: 
“Beginning at the atomic level and lower, the laws of classical physics break down and 
generally do not provide a correct description of nature.” (Ref.: Wikipedia; classical 
physics; at the date of publishing this work). To facilitate judgment of a concept, the 
context for which the concept is claimed to work well will have to be defined. 

Many concepts got a capability of prediction of the value of a measurand, but not exactly. 
A concept may have a capability of prediction with some uncertainty. To 
facilitate judgment of a concept, the capability of the concept will have to be defined. If 
not, there is no way to tell if the concept performs as claimed or not, or whether it is useful 
for an intended use or not. 

§P7: A scientific concept can only be validated by comparison of predictions deduced 
from that concept with measurement results. Whenever predictions differ from 
measurement results, by more than the combined uncertainty of the measurement results 
and the claimed capability of the concept,  there must be something wrong with the 
concept – or the test of it. 

Any collection of words, numbers, and symbols is an abstract construction that may or may 
not correspond with observations and measurements of nature. 

Within many areas of human expressions, like in politics, religion, love, hate, humor or 
whatever; it may not matter if an expression corresponds with nature. An essential 
characteristic of a useful scientific concept, on the other hand, is that of correspondence 
between predictions of that concept and observations and measurements. 

Even if a concept complies with §1 to §6, there is no guarantee that the concept is a 
complete construction that also provides a correspondence between that concept and 
observations and measurements of nature. Without testing it, it can not be known for sure 
that the concept is complete, that there are no errors in it, that the concept is correctly 
constructed or that the concept actually has the claimed capability of prediction. 



The only way to know that a concept performs within the claimed capability, within a 
defined context, is to deduce predictions from that concept, measure nature within the 
same context and see if the difference between predictions and measurements is within 
the claimed capability of the concept. 

In judging the results of the test, the uncertainty of the measurements will have to be taken 
into account. Repeated tests are required to ensure that the results are representative. 

There are many ways to adjust a concept to match observations and measurements. Many 
kinds of curve fit, parameterization, change of definitions or addition of hypotheses can be 
used to adjust a concept. The problem with adjustments, however, is that adjustments may 
hide that the concept does not have the claimed capability of prediction. 

Some concepts may need some kind of basic calibration and adjustment, but if a concept 
really has the claimed capability to predict the value of a measurand, there should be no 
reason to adjust the concept to a particular test. 

The reason why it is so useful to compare predictions with measurements is that all kinds of 
adjustments of the concept to match measurements are logically impossible. It is 
impossible to adjust a concept to match something that is not yet known. Prediction 
excludes all kinds of adjustments of the concept to match the measured values. 

There may be other ways to validate a concept, but all other ways leave a possibility that 
the concept has been adjusted to match measurements. Hence all other ways to validate a 
concept should also be followed by a scientific argument proving that the concept has not 
been adjusted to match the measurements of that particular test.  Without such proof, the 
concept can only be accepted on the basis of a belief that the concept has not been 
adjusted particularly for that test. 

If a concept is not tested by an independent party, the concept can only be accepted on 
basis of a belief in the party propounding a concept. 

§P8: A scientific concept can only be referred to as validated for the context covered by 
the validating tests. 



A test is performed within a context. Obviously, the test is only valid for that context.  As a 
principle, the concept can only be referred to as validated for the context covered by the 
validating test. 

It may be that interpolation or extrapolation to some extent can not be contradicted by a 
sound argument, but that is not normally the situation. 

However, the party propounding a concept might be able to put forward a scientific 
argument for the validity of interpolation or extrapolation, and it might be that no 
opponents are able to put forward a counter-argument. Anyhow, extrapolation or 
interpolation should be followed by a scientific argument. 

§P9: A scientific statement is based on verifiable data. Data and precise information about 
how that data was obtained are readily available for independent verification. Whenever 
data are corrected or disregarded, both uncorrected and corrected data are provided 
together with a scientific argument for the correction. 

Whenever a statement is based on observations or measured or predicted values, the data 
should be readily available for independent verification. If not, the statement can only be 
accepted on the basis of a belief. 

There might be errors in the experiment that produced the data. Such errors can possibly 
be revealed by an investigation into how the data was obtained or by an independent 
replication of the experiment. 

Anyhow, the statement can only be verified if precise information about how that data was 
obtained is readily available. If not, the statement can only be accepted on the basis of a 
belief. 

Finally, it can be irresistible to disregard or correct data. There may be scientific arguments 
for doing that. If so, those arguments should be verifiable. If not, data should not be 
corrected, discarded or disregarded. 

§P10: A scientific measurement report contains traceable values, units and stated 
uncertainty for well-defined measurands in a well-defined context. 



Obviously, a measurand will have to be well-defined, how else can anybody know exactly 
what has been measured? 

Also, the measurement result will also have to be provided as a value together with the 
associated unit. A value without a unit is meaningless. 

By using a unit in accordance with the International System of Units, the unit will already be 
well-defined. If the unit is a non-standard unit or even a hitherto unknown unit, the unit will 
have to be properly defined in the measurement report. 

Whenever a measurement is performed by some kind of measurement device, the 
measurement device should be traceable by an unbroken chain of calibrations to the 
definition of the unit. Without a traceable measurement device, there is no way to know if 
the measurement is accurate, there is no way to quantify the uncertainty of the 
measurement. 

Regarding the uncertainty of a measurement, the introduction to the following free and 
readily available guideline: Guide to the expression of uncertainty in measurement;  JCGM 
100:2008, explains why quantification of uncertainty is essential:  “When reporting the 
result of a measurement of a physical quantity, it is obligatory that some quantitative 
indication of the quality of the result be given so that those who use it can assess its 
reliability. Without such an indication, measurement results cannot be compared, either 
among themselves or with reference values given in a specification or standard.” 

For the principles provided in this work, it is regarded sufficient to state that it is essential 
that the uncertainty of a measurement is provided in the measurement report. Obviously, 
there are benefits in providing the uncertainty in accordance with an international standard 
or guideline. By not providing the uncertainty in accordance with a standard or guideline, 
there is a risk that the measurement report is regarded insufficient and that no judgments 
can be made on basis of that report. 

Finally, it is also essential that the context for the measurement is well-defined. All the 
things that are known to have an influence on the value of the measurand should be 
identified. 



(This principle has been based on section 7.2.1 in the freely available international 
guideline: JCGM 100:2008; GUM 1995 with minor corrections; Evaluation of measurement 
data — Guide to the expression of uncertainty in measurement.) 

§P11: A scientific prediction report contains values, units and claimed capability for well-
defined measurands in a well-defined context. 

This principle is an analog to §10 about measurement reports, this should be no 
surprise since predictions are supposed to be comparable with measurements. A claimed 
capability may be expressed and documented in the same way as the uncertainty of a 
measurement. 



4 The moral of science 

The moral of science 

Ethics are based on an objective moral standard by which right and wrong are 
evaluated. The perspective on scientific conduct that has been taken in this work is that: 

The standard of value for science, is the abstraction of concepts that are true and 
independently verifiable. 

That perspective is here regarded to be morally sound because it is consistent with the 
nature of ´the wise man´ – Homo sapiens, which possesses a unique capability to make 
abstract concepts from observations. His concepts compose his metaphysical worldview 
that determines his reason, judgment, and behavior. Fundamentally, true concepts are 
essential to survival and prosperity of individuals and societies they form. Lies are 
detrimental. 

Further, it is here realized that a person’s reason, judgment, and behavior define his 
identity. Belief in a falsehood tends to occlude comprehension of all that is contradicted by 
it. Once accepted, a falsehood may resist correction with great tenacity. 

The perspective on scientific conduct is also based on the objective moral standard of self-
possession: a person owns his body and mind. Hence, it is unethical to harm or deprive a 
man of his free will (except in self-defense). It is realized that a falsity may potentially make 
physical or mental harm to, or curb, others. 

Even though each individual is responsible for what he believes or not, a deception 
published as science is fraud. Fraud is an assault on reason, man´s basic tool of survival, 
and consequently is unethical. Errors published in the name of science can be harmful to 
any mind infected by them. Furthermore, ideas can rapidly propagate globally, affecting 
millions. 

Ethics of science 

By the perspective of science taken in this thesis, it is unethical to promote falsehood. The 
basic ethical principle of conduct for a scientist, therefore, is: 

First of all, do no harm – do not put forward unproven concepts as truth. 



Therefore, any concept put forward as truth must be a logically valid structure where 
premises are true, and the truth of the premises guarantees the truth of the conclusions. A 
true concept can not contradict its own premises. 

About hypothesis 

An hypothesis is here defined to be an inconclusive proposition. If one or more hypothesis 
is significant in the construction of a concept, the entire concept is inconclusive, i.e., 
hypothetical. A proposition that has neither been proven nor falsified is inconclusive. What 
is inconclusive is not a logically valid proposition. 

There is nothing wrong in propounding an hypothesis within scientific conduct, as long as 
the hypothesis is clearly identified as an hypothesis. What is true of an hypothesis is that it 
is an unvalidated proposition and nothing more. 

Unscientific concepts 

Concepts that demonstrably can not possibly be evaluated to true or false contradict the 
standard of scientific value, as defined here, and belong in the category ‘mysticism’. 

Applicability of ethical guidelines for concepts that are not of 
any interest to the public 

By right, a scientist is free to do whatever he likes for himself and to himself. Ethical 
guidelines for science only becomes relevant the moment a scientific statement, argument, 
or concept is applied or published in the name of science in a way that directly or 
indirectly can cause harm to other humans. 

Whatever a scientist do for himself, for his employer, or for his customer – is judged by a 
contract between himself and his employer, or his customer. However, error or fraud is 
detrimental. Principles of science are useful to avoid deception of others or oneself. «The 
first principle is that you must not fool yourself, and you are the easiest person to fool.»- 
Richard Feynman 



The need for supplemental ethical guidelines 

These guidelines are only concerned with actions that are directly related to the provision 
of true and independently verifiable statements and concepts, and not about any other 
aspects of the relationship between scientists, their organizations, the society, or the 
environment. Depending on the context, other ethical guidelines will also have to be taken 
into consideration to cover the full context of the research. 

Further, the application of a scientific concept may in itself be harmful. The ethical 
guidelines provided here does not cover the application of true scientific concepts that 
may be harmful in other ways than identified here. 



5 Ethical guidelines for scientific conduct 

Ethical guidelines for scientific conduct should be guidelines that promote a way of 
conduct that will provide an outcome that complies with the principles of science.  

Having defined the principles of science, the principles for true and independently 
verifiable knowledge, it is now possible to define basic ethical guidelines for scientific 
conduct. 

Each ethical guideline on this list is derived from and corresponds to the principle of 
science in section 1, having the same number. 

Ethical guidelines for scientific conduct 

These principles can only be correctly interpreted by the definitions in the Definitions 
section in this article. 

§E1 The clarity guideline 
State clearly the premises, inferences, and conclusions of an argument. 

§E2 The traceability guideline 
Verify that premises comply with ´The principles of science´. Identify premises and their 
sources and make sure that these are readily available for independent verification. 

Cite precisely the referred source and identify all information used as a premise. 

§E3 The logical validity guideline 
Use logically valid inferences. 

Whenever the truth of the premises does not guarantee the truth of the conclusion, 
identify clearly the argument as a feeling, judgement, belief, opinion or hypothesis. 

§E4 The deduction guideline 
Put forward conclusions in such a manner that an independent party can verify that a 
conclusion  is correctly deduced from axioms, definitions, theorems, measured properties, 
and validated scientific concepts. 



§E5 The logical construction guideline 
Put forward concepts in such a manner that an independent party can verify that the 
concept is correctly constructed by logically valid conclusions, axioms, definitions or 
theorems. 

§E6 The definition guideline 
Define a concept, its capability, and applicable context in such a manner that the concept 
can be independently tested. 

§E7 The validation guideline 
Validate concepts by comparison of predictions from that concept with observations. Only 
refer to concepts as validated  when predictions repeatedly match observations within 
combined uncertainty of the measurements and the claimed capability of the concept and 
no sound counterargument can be found. 

Ensure that those who are influenced, curbed, or entitled to the propounded concept or 
product are also entitled to have the product independently tested. 

§E8 The context guideline 
Only refer to a concept as validated for the context covered by the validating tests. 

§E9 The data availability guideline 
Base statements on verifiable data and make sure that data and precise information about 
how that data was obtained are readily available for independent verification. Whenever 
data are corrected or disregarded, provide both uncorrected and corrected data together 
with a scientific argument for the correction. 

§E10 The measurement report guideline 
Ensure that measurement reports contain traceable values, units, and stated uncertainty for 
well-defined measurands in a well-defined context. 

§E11 The prediction report principle 
Ensure that prediction reports contain values, units and claimed capability for well-defined 
measurands in well-defined contexts. 



These guidelines can only be interpreted as intended by regarding the principles and by 
applying the definitions in this thesis. To keep traceability to a full account with definitions 
and explanation, these principles can only be reproduced on the condition that a link to 
this version of the thesis is included. 



6 A perspective on definitions and truth 

As mentioned in the introduction to this work, even a highly influential philosophical work 
like "The logic of scientific discovery" by Karl Popper does not provide a set of well-
defined principles for science. 

The first version of this work ("10 theorems for ideas about how things work") started out 
as an attempt to identify a set of principles, or methodical rules, as established by Karl 
Popper. That turned out to be a bit challenging, as his methodical rules were not defined 
and identified in a clear manner. 

The following quote may shed some light on why: 

“It is, I now think, the fact that most philosophers regard definitions as important, and that 
they have never taken my assurance seriously that I do regard them as unimportant. I 
neither believe that definitions can make the meaning of our words definite, nor do I think 
it worth bothering about whether or not we can define a term (though it may sometimes 
be moderately interesting that a term can be defined with the help of terms of a certain 
kind); for we do need undefined primitive terms in any case.” 

Ref.: The logic of scientific discovery; Page 463; (Addendum, 1968) 

In this work, that view is opposed by the position that definitions are of uttermost 
importance for an evaluation of the truth of a premise, inference or conclusion. Take for 
example the symbol: “+” in mathematics. Without a definition, it would just be a 
meaningless cross. 

Even though it may seem that a definition can never be precise enough for all possible 
readers, the set of principles provided in this work is based on the axiom that: It is possible 
to define terms so precisely that a propounded statement is only open to the intended 
interpretation. If that is not the case for a particular statement in a particular context, a 
meaningful argument about that statement will not be possible. 

Another issue with ´The logic of scientific discovery´ is the  perspective on truth, as 
illustrated by the following quotes: 

http://strangebeautiful.com/other-texts/popper-logic-scientific-discovery.pdf


“It should be noticed that a positive decision [test result] can only temporarily support the 
theory, for subsequent negative decision [test results] may always overthrow it. So long as 
theory withstands detailed and severe tests and is not superseded by another theory in the 
course of scientific progress, we may say that it has ‘proved its mettle’ or that it is 
‘corroborated’.. by past experience. Nothing resembling inductive logic appears in the 
procedure here outlined. I never assume that we can argue from the truth of singular 
statements to the truth of theories. I never assume that by force of ‘verified’ conclusions, 
theories can be established as ‘true’, or even as merely ‘probable’.”  

The perspective on the term truth that has been taken in this work is that, if all definitions 
are in place and relevant tests have been performed, we are able to conclude if it is true 
that a well-defined concept really has the defined capability within a well-defined context. 

Engineers will probably be familiar with this definition of truth. Engineers will be used to 
demonstrate the truth of their constructions – to verify and validate that a construction has 
a defined capability within a defined context. In particular, verify and validate are both 
terms that are also used in the widely used international quality standard ISO 9001. 

It should be noted, however, that even though a concept can be true by the definition 
used in this work, another concept that has a better capability of prediction or is valid for a 
broader context may be eventually be discovered or invented. 

By this definition, Newton´s law of universal gravitation can still be regarded to be true in 
the sense that the concept has a definable capability of prediction within a definable 
context. While Einstein´s general relativity can also be regarded to be true, but that 
concept has a better capability of prediction within a wider context. 

It should also be noted that even if a concept is true, it can still be useless. It may be a true 
prediction that the precipitation at a defined location on a defined date will be between 0 
and 1000 mm, but that prediction will also be of no value. 

An example of the above perspective on truth can be a television system. A television 
system can transmit a movie via a fiber and display it on a screen (whenever everything in 
that system performs in accordance with its design). That functionality is true - it can not be 
contradicted by sound argument. 



It is remarkable that a lot of things have to be true for television system to work properly, 
more things will have to be true than an individual person can fully understand. However, 
even a kid can tell if it is true that it works. 



Definitions 

abstraction: the creation of a concept representing a relationship between or among 
entities 

accept: regard to be true 

accidental: not intended 

accredited: official recognition of the ability of a laboratory to perform a particular test and 
provide reference measurements for that test that are within a stated uncertainty 

argument: a conclusion inferred from a set of premises  

assault: harmful action towards 

attribute: a characteristic used to describe or define a thing 

axiom: a statement that is self-evidently true and accepted as a true starting point for 
further deduction 

basic: an essential premise that is part of the foundation of a logical system 

behavior: a set of actions 

belief: an acceptance that something is true without proof 

binary: Being in a state of one of two mutually exclusive conditions 

calibration: comparison of a measurement with a reference having a known uncertainty 

capability (of a concept): ability to predict an outcome within a maximum difference 
between predictions and measurements 

capability: ability to provide a well-defined outcome 

characteristic: a well-defined property that can be measured or distinguished by 
observation 



clearly stated: stated in a manner that it is only open to the intended interpretation 

comparison: quantification of the difference between 

comprehension: the ability to understand something 

concept: any expression of a relationship between two or more measurands 

conclusion: a statement inferred from one or more premises 

conduct: the manner in which a person behaves 

consider: think carefully about 

consistent: not causing any contradictions 

constituent: a part of a concept or construction 

construction: a physical thing that has a capability 

context: a set of those things that have an influence on an observed, measured or 
predicted value 

contract: an explicit or implicit agreement by which a product is judged to be right or 
wrong 

contradict: demonstrate that a statement is not true 

correct (about data): replace a measured or predicted value with another value 

culture: a way of perception, reasoning, or behavior that is largely accepted by a group 
and promoted as the correct way to perceive, think about, or act. 

data: measured or predicted value of a measurand or relationship between measurands 

deception: a false representation of something 



deduction: a combination of premises into a conclusion by means of mathematics and 
logically valid inferences 

definition: a set of distinguishing characteristics 

deprive: prevent a person from having or using 

detrimental: tending to cause harm 

disregard (about data): remove a value from a series of data that is used as a premise 

document: an identified collection of words, numbers and symbols 

essential: something, without which the object would not be the same thing, 

ethical: evaluates to being right when evaluated by the means of a moral standard 

ethics: a set of principles that evaluates to right when evaluated by a well-defined moral 
standard 

evaluate: assign a value or property to a measurand 

false: a statement that can be contradicted by a sound argument within the defined 
context 

falsehood: something that is not true 

falsified: contradicted by a sound argument within the defined context 

fool: cause someone to accept as true something that is false by committing fraud 

founded: being dependent on 

fraud: promotion of a concept that is not true 

guideline: a recommendation that complies with a set of principles 

harm: cause damage 



harmful: can possibly harm 

hypothesis: a propounded statement or concept that has not been verified or validated 

identity: a set of distinguishing characteristics 

imagine: form a mental image or concept 

inconclusive: can not currently be evaluated to true or false 

independent: not under influence of the party propounding a concept 

infected: being negatively influenced by 

inference: logical connection between premises and conclusion 

interpreted: made clear 

judge: evaluate 

judgement: considered evaluation 

knowledge: something that is known to be true and can be demonstrated to be true 

laboratory: an enterprise that is engaged with performing evaluations that are traceable to 
the definition of the measurands. 

lie: a falsity put forward as true 

logically invalid: the truth of the premises does not guarantee the truth of the conclusion – 
it is possible for the premises to be true and the conclusion nevertheless to be false. 

logically valid: the truth of the premises guarantees the truth of the conclusion – it is 
impossible for the premises to be true and the conclusion nevertheless to be false. 

mathematics: a consistent and logically valid system of symbols and operations on these 
symbols 



measurand: well-defined property that can be observed or quantified by a measurement 

measure: quantify a measurand by establishing the ratio between that measurand and a 
reference that serves as a unit - and assign a number representing that ratio, and the 
associated unit, to that measurand 

measurement (result): a measurand quantified by a value and an associated unit 

mental: of or pertaining to the mind 

metaphysical: of or pertaining to the conceptual model of reality an individual has 
developed 

mind: the element of a person that enables him to be aware of the world, perform 
abstractions, form concepts, think, feel, and act 

moral of science: the standard of value for science is the abstraction of concepts that are 
true and independently verifiable. 

moral standard: an objective standard by which actions are evaluated to be right or wrong 

morally sound: evaluates to right, when evaluated against a moral standard 

mysticism: a system of beliefs that can not possibly be verified by an independent person 

nature: any thing and any relation between things 

objective: well-defined, and available for independent consideration where a sound 
consideration will lead to the same conclusion 

observe: conclude if an attribute is in accordance with a definition 

precise information: sufficient for replication by an independent person using equal tools 

prediction: quantification of a measurand without any foreknowledge about an eventual 
measurement result 

premise: a statement used to infer a conclusion 



principle: a proposition that serves as a premise in a system of reasoning 

promote: actively put forward as true 

property: an attribute that can be observed or measured 

proposition: a set of words or symbols having an intended interpretation 

propound: put forward for consideration 

prove: demonstrate the truth of a statement by means of axioms, definitions, theorems, or 
tests 

publish: make available to the public 

readily available: available without further request 

reason: a persons use of his mind to evaluate the truth of proposition or set of 
propositions by means of words, symbols and logic 

reference: a measurement device or procedure that has an unbroken chain of calibrations 
to the definition of the unit 

relationship: a quantified change in measurand A is followed by a quantified change in 
measurand B 

research: systematic investigation in order to establish facts and draw conclusions 

science (noun): an enterprise engaged with the development of true and independently 
verifiable concepts 

scientific: consistent with the moral of science 

scientist: a researcher that publish findings in accordance with the moral of science 

self-possession: that a person enjoys, over himself and his powers, full and exclusive rights 
of control and use, and therefore owes no service or product to anyone else that he has 
not contracted to supply 



sound: a conclusion that is logically valid and based on true premises 

source: identified document containing a premise 

statement: a logical proposition that can be either true or false within the defined context 

test: an activity that can verify or validate 

theorem: a conclusion that has been proven and that can now be used as the basis of 
other proofs. 

thing: whatever that can be defined 

traceable (about measurements): having an unbroken chain of calibrations to the definition 
of the unit 

true: a statement that can not be contradicted by a sound argument within the defined 
context 

uncertainty: quantified accuracy 

unethical: evaluates to false when evaluated by the means of a moral standard 

unit: a well-defined quantity that has one unique value 

validate: demonstrate the truth of a concept within a well-defined and applicable context 

verify: demonstrate the truth of 

well-defined: defined in such a manner that it is only open to the intended interpretation 
by independent and sound consideration 

will: the faculty by which a person decides on and initiates action 

wrong: not true 



Notes 

Copyright: This work can only be reproduced on the condition that the original source is 
identified in the reproduction by a link to: 
https://principlesofscience.wordpress.com/2017/12/06/principles-of-science-and-ethical-
guidelines-for-scientific-conduct-v9-0/  

This is a thesis by ´Science or Fiction?´ with invaluable support and scrutiny by ´Gnomish´. - 
See how it evolved: 
https://rulesofscience.wordpress.com 

Changes: 

The major change from revision 8.0 to revision 9.0 is the inclusion of the new section: 

The logical basis for science. The sections have also been rearranged. There are also a few 
additions to the Definitions section and a few other minor corrections.

https://principlesofscience.wordpress.com/2017/12/06/principles-of-science-and-ethical-guidelines-for-scientific-conduct-v9-0/
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