
Contents lists available at ScienceDirect

International Journal of Production Economics

journal homepage: www.elsevier.com/locate/ijpe

Framework for conformity assessment based on an analogy with the
Uncertainty Principle of Quantum Mechanics (FCAUP)

Celso Francisco de Moraesa,∗, Messias Borges Silvab

aUNESP – Universidade Estadual Paulista, Guaratinguetá, SP, Brazil
b Institution: USP – University of São Paulo – School of Engineering of Lorena, Lorena, SP, Brazil

A R T I C L E I N F O

Keywords:
Conformity assessment
Framework
Uncertainty principle analogy
FCAUP

A B S T R A C T

This paper aims to introduce an innovative framework, named FCAUP, for planning and implementing con-
formity assessment based on a conceptual analogy with Heisenberg's Uncertainty Principle of Quantum
Mechanics. Conformity assessment is a very important issue in many different areas, such as, operations and
quality management, international trade, sustainable development, and so on. FCAUP means “Framework for
Conformity Assessment inspired by the Uncertainty Principle”. This original procedure employs quantitative and
qualitative techniques for analysis, classification, purposive sampling and execution of double inspections in
order to reduce the uncertainty in conformity assessment activities. Its preliminary evaluation has been per-
formed by means of three simulations regarding conformity assessments in manufacturing industries. Simulation
results suggest that FCAUP is a consistent method to be used in several categories of conformity assessment.

1. Introduction – conformity assessment review

Conformity assessment provides several benefits to human activ-
ities, due to its importance in a wide range of aspects, such as fair
competition, encouragement to quality improvement and sustainable
development, environmental responsibility, customer protection, in-
centive for international trade, valorization of brands and products, and
so on. Recent researches explain its relevance (Marsal-Llacuna, 2017;
Lüth et al., 2015; Liepina et al., 2014; Theodorou and Zannikos, 2014;
Assalim and Almeida, 2013). According to international standard ISO/
IEC 17000 (2004a), conformity assessment involves activities to de-
monstrate the fulfillment of specified requirements by products, pro-
cesses, systems, personnel or bodies.

As indicated by Fig. 1, conformity assessment comprises three
functions that satisfy the need or demand for demonstrating that spe-
cified requirements are fulfilled by:

− Selection;
− Determination;
− Review and attestation.

Conformity assessment typically comprises a set of specified re-
quirements, a procedure for assessing the conformity of a product to
requirements and a statement to demonstrate that requirements have

been fulfilled (ISO/IEC 17000, 2004a). Furthermore, according to ISO/
IEC GUIDE 60 (2004b), there are three types of conformity assessment:

− First-party conformity assessment – activity that is performed by the
person or organization that provides the object;

− Second-party conformity assessment – activity that is performed by
a person or organization that has a user interest in the object;

− Third-party conformity assessment – activity that is performed by a
person or body that is independent of the person or organization
that provides the object.

The most common technical procedures to assess conformity in
many different areas are inspection, sampling, testing, quality man-
agement system assessment and audit. Inspection is defined by ISO
9000 (2015) as “determination of conformity to specified require-
ments” and a similar definition is given by Juran and Godfrey (1999).
Liepina et al. (2014) stated that “conformity assessment is closely re-
lated to quality management” and discussions about quality manage-
ment remain relevant in several areas as pointed out by Cho et al.
(2017), Li et al. (2017), Zeng et al. (2017), Rusu (2016), Siva et al.
(2016), Suwandej (2015), Gerolamo et al. (2014), Wiengarten and
Pagell (2012), Simon et al. (2011), among others. Therefore, there is a
strong relationship among conformity assessment, quality management
and inspection activities.
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The discussions presented herein refer to conformity assessment in a
broad sense, however, it is focused on products and processes that
present planned and regular inspection activities prior to first-party
conformity assessment actions (e.g.: manufacturing industries in gen-
eral).

2. Practical considerations regarding conformity assessment

A fundamental question that is always posed when carrying out a
first-party conformity assessment is “what is the best approach to be
used in order to perform a complete, useful and reliable conformity
evaluation?” In other words, this issue is concerned with the estab-
lishment of an assessment plan containing a definition of extension and
depth of verifications needed to determine the fulfillment of require-
ments under discussion. In several situations, when first-party con-
formity assessment is carried out after formal inspection activities, the
main question is on the choice of one among three possible approaches
presented in Fig. 2:

− Approach 1 (no double inspection);
− Approach 2 (complete double inspection);
− Approach 3 (partial double inspection).

Choosing the first approach is supposed to be relatively unsafe be-
cause it is based on total trust in previous inspection results. In such a
case, there is no opportunity to disclose any kind of problems or mis-
takes during previous inspection activities. Approach 2 is certainly an
appropriate option in terms of conformity assurance because a complete
double inspection should be included in assessment activities. However,
this option is sometimes unfeasible due to limitations on performing
specific double check activities (e.g.: technical, operational, econom-
ical, chronological or physical constraints).

Regarding the third alternative, further considerations are required
since it is a good technique that has been extensively used during
conformity assessments. Nevertheless, if one selects approach 3, a
second question must be addressed: “what is the magnitude of partial
double inspection?” Its answer will define what is considered manda-
tory and what is considered negligible, but this is not as obvious, and it
may be crucial for assessing results.

Many different methods could be employed to solve this dilemma,
such as technical judgment, statistical samplings, decision making tools,
selections based on identified limitations and/or empirical choices. To
answer the most important questions exposed above, an innovative
framework for planning and carrying out conformity assessment based
on a conceptual analogy with Heisenberg's Uncertainty Principle has
been developed and it is going to be presented hereafter.

3. Uncertainty in conformity assessment

In this paper, discussions about uncertainty are not aimed at mea-
suring uncertainty, which is in accordance with Kuselman et al. (2017),
Carobbi and Pennecchi (2016) and Pendrill (2014), just to mention a
few. Differently, it is mainly focused on the uncertainty related to
judgment regarding conformity assessment activities. In several situa-
tions, it is necessary to make decisions by performing a suitable ex-
amination of available conformity records, while at the same time
considering the degree of trust in supposed conformity during
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Fig. 1. Functional approach to Conformity Assessment (ISO/IEC 17000,
2004a).
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APPROACH 2
In this case, the assessment activities
are performed in such way that,
besides specific tasks, all inspection
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Fig. 2. Three approaches regarding the relationship between assessment and inspection.
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assessment.
In order to formulate a systematic understanding of these situations,

useful indicators of conformity records and degree of trust in con-
formity status have been plotted in an adapted diagram of complex
numbers, also known as Argand diagram (see Fig. 3). In this corre-
spondence with complex numbers, the objective parameter (conformity
record evaluation) can be measured by the real axis (abscissas), and the
subjective parameter (degree of trust in conformity) can be measured
through imaginary axis (ordinates).

A white dot located at coordinates (1, 1) on the adapted diagram of
Fig. 3 represents an ideal situation in conformity assessments in which
all needed and available records have been completely appraised, while
there is total and unquestionable confidence on the conformity status
under discussion at the same time. This theoretical scenario does not
induce any additional inspection efforts to assess conformity, i.e. no
double inspection is required (see approach 1 in Fig. 2). Therefore,
practical situations symbolized by a typical location which is very close
to this white dot could be handled without any additional inspections
due to the fact that the level of uncertainty is extremely low.

On the other hand, a black dot located at coordinate (0, 0) indicates
the worst-case scenario in which available records have not been ap-
praised and the degree of trust in conformity is null. This hypothetical
scenario requires all possible additional inspection efforts to assess
conformity, i.e. complete double inspection is necessary (see approach
2 in Fig. 2). Consequently, practical situations represented by a typical
location near the aforementioned black dot must be handled by con-
sidering all possible extra inspection efforts due to a very high level of
uncertainty.

Median grey zones on the diagram in Fig. 3 denote typical situations
of uncertainty by considering that defining whether double inspections
are indeed required is rather complex (see approach 3 in Fig. 2). In fact,
all intermediate zones in the diagram represent a huge uncertainty zone
at varied levels. Furthermore, from coordinate (0, 0), black dot, to
coordinate (1, 1), white dot, absolute uncertainty (need to carry out
complete double inspection) can be changed into total certainty (no
double inspection required).

Thus, a practical quantitative correlation between uncertainty levels
and zone areas on the diagram in Fig. 3 can be established: the diagram
area increases as the uncertainty level decreases in the same ratio. In
other words, the black dot (0, 0) related area is 0 units of area (u.a.) and
the uncertainty level reaches the highest value (100%), then demanding

100% of double inspections. The white dot (1, 1) area is 1 u.a. and the
uncertainty level reaches the lowest value (0%), i.e., no double in-
spection is required. This quantitative relationship can be extrapolated
to all intermediate grey zones: once there is a generic dot within an
intermediate zone, it is possible to define the zone area, the remaining
area, the uncertainty area or zone and, consequently, the quantitative
recommendation in terms of minimum amount of double inspections to
be carried out.

Obviously, there is no point in stating that a simple increase in
double inspections will undoubtedly result in a complete elimination of
the uncertainty inherent to the conformity assessment process.
Moreover, as indicated in the rationale of Fig. 2, in many practical si-
tuations there are technical, operational, economic, chronological or
physical constraints that prevent the implementation of double checks.
Nevertheless, whenever applicable, double inspection is still an effec-
tive tool used to reduce the uncertainty level associated to the con-
formity assessment activities.

In order to create both realistic and useful diagrams, additional
considerations regarding CREI (conformity record evaluation index), at
axis of abscissas, and DTC (degree of trust in conformity), at axis of
ordinates, must be presented. An examination of available records can
be translated into an objective parameter by using, for instance, the
indicator presented in Equation (1).

=CREI
Qty

Qty
evaluated

total (1)

Where:

CREI=conformity record evaluation index;
Qty evaluated=actual quantity of records evaluated in detail;
Qty total=total quantity of available records.

Accordingly, the axis of abscissas can be represented by a con-
tinuous variable (0≤ CREI ≤1), which is perfectly coherent with the
main idea in Fig. 3. Nevertheless, the degree of trust in the assumed
conformity status is a subjective parameter since it is biased due to
personal feelings or opinions. Consequently, a reasonable way to re-
present it on the axis of ordinates in the diagram is by means of attri-
butes, instead of a continuous variable.

Low and high are the simplest attributes that can be associated with
the degree of trust in conformity (DTC) at axis of ordinates. However,

Coordinate (1, 1)
0% uncertainty (area = 1 u.a.)

No double inspection
(extreme approach1)

Coordinate (0, 0)
100% uncertainty (area = 0 u.a.)

100% double inspections
(extreme approach2)

CREI
Conformity Record
Evaluation Index

DTC
Degree of Trust
in Conformity

0 1

1

Generic Coordinate (x, y)
100% > uncertainty > 0%
(0 u.a. < area < 1 u.a.)

Partial double inspections
(typical approach3)

Typical approach 1

Typical approach 2

Different levels of uncertainty
(uncertainty zones)

Fig. 3. Evaluation of records versus degree of trust in conformity.
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only two attributes (low and high) may be incomplete to represent the
degrees of trust in conformity and, moreover, in this specific case, a pair
of attributes does not allow including an intermediary attribute, e.g.
medium. Therefore, three attributes, low, medium and high, are more
representative about the degree of trust in conformity (DTC) at axis of
ordinates.

Fig. 4 illustrates the adjusted diagram configuration when three
attributes (low, medium and high) on the axis of ordinates are asso-
ciated with variables on the axis of abscissas. For purposes of symmetry,
the axis of abscissas must also be divided into three parts or intervals
(0–0.33, 0.33 to 0.67 and 0.67 to 1), thus nine segments emerge and
can be suitably grouped into five different zones (I, II, III, IV and V).

Areas of the five uncertainty zones depicted in Fig. 4 have been
calculated by considering intermediate points as representative and
typical of those zones. See detailed calculation regarding five un-
certainty zones shaped by three degrees of trust in Table 1.

The quantitative suggestions with respect to minimum double in-
spections defined in Fig. 4 and Table 1 by five zones (94% and 78% for
pessimistic situations, 50% for intermediary situations, 22% and 6% for
optimistic situations) are properly combined in Table 2 as a decision

matrix. This decision matrix presents three degrees of trust in con-
formity (DTC), three intervals of conformity record evaluation index
(CREI) and nine segments grouped into five uncertainty zones.

The situation with three degrees of trust and five uncertainty zones
as presented until now by means of Fig. 4 and Table 2 is supposed to be
appropriate to describe the uncertainty levels under discussion in terms
of conformity assessment. Nevertheless, there are conditions to extra-
polate the discussions regarding this kind of uncertainty, that is, it is
possible to increase the quantity of attributes associated with the degree
of trust and, consequently, the uncertainty zones and the quantitative
recommendation for double inspections.

For instance, bearing in mind the diagram of Fig. 3, five attributes
(very low, low, medium, high and very high) on the axis of ordinates
can be associated with variables on the axis of abscissas. Once more, for
purposes of symmetry, the axis of abscissas must also be divided into
five parts or intervals (0–0.2, 0.2 to 0.4, 0.4 to 0.6, 0.6 to 0.8 and 0.8 to
1), thus these twenty-five segments can be grouped into nine different
zones (I, II, III, IV, V, VI, VII, VIII and IX). See detailed calculation
regarding nine uncertainty zones shaped by five degrees of trust in
Table 3.

0 0.33 0.67 1

1

High

Low

Medium

Coordinate (1, 1)
0% uncertainty (area = 1 u.a.)

No double inspection
(extreme approach1)

Coordinate (0, 0)
100% uncertainty (area = 0 u.a.)
100% double inspections
(extreme approach2)

DTC
Degree of Trust
in Conformity

(attributes)

CREI
Conformity Record
Evaluation Index
(continuous variables)

Typical situation of zone I
Remaining area = 0.9444 u.a.

94.44% uncertainty
(at least 94% double inspections) I II

II

III

III

III

IV

IV V
Typical situation of zone II
Remaining area = 0.7778 u.a.

77.78% uncertainty
(at least 78% double inspections)

Typical situation of zone III
Remaining area = 0.50 u.a.

50% uncertainty
(at least 50% double inspections)

Typical situation of zone IV
Remaining area = 0.2222 u.a.

22.22% uncertainty
(at least 22% double inspections)

Typical situation of zone V
Remaining area = 0.0556 u.a.

5.56% uncertainty
(at least 6% double inspections)

Fig. 4. Evaluation of records versus degrees of trust (low, medium and high).

Table 1
Calculation of areas regarding 5 uncertainty zones shaped by 3 degrees of trust.

“CREI X DTC” with 3 degrees of trust (low, medium, high) and 5 uncertainty zones (I to V)

Zone Zone area
(u.a)

Remaining area (total area minus all previous areas) Uncertainty zones (half of zone area plus
remaining area)

Recommendation of minimum % of double
inspection required

I 0.1111 0.8889 (1–0.1111) 0.9445 (0.1111/2 + 0.8889) 94%
II 0.2222 0.6667 (1–0.1111− 0.2222) 0.7778 (0.2222/2 + 0.6667) 78%
III 0.3333 0.3334 (1–0.1111− 0.2222–0.3333) 0.5000 (0.3333/2 + 0.3334) 50%
IV 0.2222 0.1112 (1–0.1111− 0.2222–0.3333-0.2222) 0.2223 (0.2222/2 + 0.1112) 22%
V 0.1111 0.0000 (1–0.1111− 0.2222–0.3333− 0.2222–0.1111) 0.0556 (0.1111/2 + 0.0000) 6%
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The quantitative suggestions with respect to minimum double in-
spections defined in Table 3, from zone I (98% of double inspections,
the most pessimistic) to zone IX (2% of double inspections, the most
optimistic) are properly combined in Table 4 as a decision matrix with
five degrees of trust in conformity (DTC), five intervals of conformity
record evaluation index (CREI) and twenty-five segments grouped into
nine uncertainty zones. Once again, the intermediary zone (V) indicates
50% of double inspections as a quantitative recommendation.

Based on the considerations and calculations presented so far, one
may extrapolate the quantity of attributes regarding the degree of trust
in conformity and the resulting uncertainty zones of this adapted dia-
gram by using the formula provided by Equation (2).

= × −Qty Qty trust deg2 1zones (2)

Where:

Qty zones=quantity of uncertainty zones plotted on the adapted
Argand diagram;
Qty trust deg=quantity of attributes regarding the degrees of trust in
conformity.

For instance, the use of seven degrees of trust in conformity will
create thirteen uncertainty zones (2×7–1= 13). In this way, if one
decides to establish seven degrees of trust (e.g.: extremely low, very
low, low, medium, high, very high and extremely high), and based on
the symmetry of diagram of Fig. 3, forty-nine segments will be grouped

into thirteen zones. Accordingly, it is possible to define a re-
commendation in terms of minimum double inspections to be carried
out by considering each zone from the most pessimistic scenario (zone I:
99% of double inspections) to the most optimistic scenario (zone XIII:
1% of double inspections). Once more, the intermediary zone (VII)
indicates 50% of double inspections as a quantitative recommendation.
In this case, a suitable decision matrix considering seven degrees of
trust in conformity may be arranged.

It might be assumed that over seven degrees of trust could make it
difficult to be satisfactorily defined. Furthermore, more than thirteen
uncertainty zones are not so useful in practical terms. Therefore, by
considering the discussions presented so far, an odd number which is
greater than two, but not exceeding seven, i.e., 3, 5 or 7, should be a
reasonable suggestion for establishing the amount of degrees of trust in
conformity.

The recommendation for double inspections based on uncertainty
zones of adapted diagrams presented herein is strictly quantitative
(minimum amount in percentage terms) and, consequently, there is no
qualitative connotation. A qualitative analysis is relatively complex
because it is sometimes circumscribed by many conditions that cannot
be properly recognized and/or controlled. Thus, any recommendation
for double inspection should be made by firstly considering the quan-
titative analysis (adapted diagram areas) and secondly by a qualitative
investigation that can be based on different criteria or ranking methods,
such as, technical, operational or economical judgment; physical or
chronological feasibility; common sense; random selection, and so on.

4. Brief review of Quantum Mechanics

According to Shankar (1994), the expanding domain of Classical
Physics encountered its first obstacles around the beginning of the
twentieth century. It has arisen on two fronts: at large velocities and
small scales. The problem of large velocities was successfully solved by
Relativistic Mechanics, while Quantum Mechanics solved the problem
of small scales.

Quantum Mechanics or Quantum Physics is a branch of Physics
which explains physical phenomena at small scales or, as detailed by
Fitts (2002), entities such as atoms, electrons, protons, neutrons, atomic
nuclei, as well as photons. Its theory has been developed during the first
half of the twentieth century through efforts of many scientists, such as
Max Planck (1858–1947), Albert Einstein (1879–1955), Max Born
(1882–1970), Neils Bohr (1885–1962), Erwin Schrödinger
(1887–1961), Louis de Broglie (1892–1987), Wolfgang Pauli
(1900–1958), Werner Heisenberg (1901–1976), Paul Dirac

Table 2
Recommendation of double inspections (decision matrix with 3 degrees of trust).

Recommendation of Double Inspections CREI (conformity record evaluation index)

0≤ CREI≤ 0,33 0,33 < CREI < 0,67 0,67≤ CREI≤ 1

DTC (degree of trust in conformity) High 50% (Zone III) 22% (Zone IV) 6% (Zone V)
Medium 78% (Zone II) 50% (Zone III) 22% (Zone IV)
Low 94% (Zone I) 78% (Zone II) 50% (Zone III)

Table 3
Calculation of areas regarding 9 uncertainty zones shaped by 5 degrees of trust.

“CREI X DTC” with 5 degrees of trust (very low, low, medium, high, very high) and 9
uncertainty zones (I to IX)

Zone Zone
area
(u.a)

Remaining area
(total area
minus all
previous areas)

Uncertainty zones
(half of zone area
plus remaining
area)

Recommendation of
minimum % of double
inspection required

I 0.04 0.96 0.98 98%
II 0.08 0.88 0.92 92%
III 0.12 0.76 0.82 82%
IV 0.16 0.60 0.68 68%
V 0.20 0.40 0.50 50%
VI 0.16 0.24 0.32 32%
VII 0.12 0.12 0.18 18%
VIII 0.08 0,04 0.08 8%
IX 0.04 0.00 0.02 2%

Table 4
Recommendation of double inspections (decision matrix with 5 degrees of trust).

Recommendation of Double Inspections CREI (conformity record evaluation index)

0≤ CREI< 0.2 0.2≤ CREI<0.4 0.4≤ CREI< 0.6 0.6≤ CREI< 0.8 0.8≤ CREI≤1

DTC (degree of trust in conformity) Very high 50% (Zone V) 32% (Zone VI) 18% (Zone VII) 8% (Zone VIII) 2% (Zone IX)
High 68% (Zone IV) 50% (Zone V) 32% (Zone VI) 18% (Zone VII) 8% (Zone VIII)
Medium 82% (Zone III) 68% (Zone IV) 50% (Zone V) 32% (Zone VI) 18% (Zone VII)
Low 92% (Zone II) 82% (Zone III) 68% (Zone IV) 50% (Zone V) 32% (Zone VI)
Very low 98% (Zone I) 92% (Zone II) 82% (Zone III) 68% (Zone IV) 50% (Zone V)
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(1902–1984), John von Neumann (1903–1957), Richard Feynman
(1918–1988), among others.

German physicist and mathematician Max Born coined the term
“Quantum Mechanics” in 1924 (Fedak and Prentis, 2009) in reference
to a revolutionary work published by Max Planck in 1900, in which it
has been proposed that some physical quantities can change only in
discrete amounts (quanta from Latin language) and not continuously.
Researches of Quantum Physics have demonstrated the inadequacy of
Classical Physics in explaining some phenomena related to small par-
ticles. According to those researches, it appears that each particle has
associated with it a wave function providing only the probability of
finding it at a point x at time t. This is called wave-particle duality. In
accordance with Griffiths (2011) “all Quantum Mechanics has to offer is
statistical information about the possible results and this indeterminacy
has been profoundly disturbing to physicists and philosophers alike”.

The Uncertainty Principle of Quantum Mechanics was published in
1927 by the German physicist Werner Heisenberg and it states that the
more precisely the position of some particle is determined, the less
precisely its momentum can be known, and vice versa. The Heisenberg's
Uncertainty Principle is summarized by means of Equation (3)
(Griffiths, 2011).

≥σ σ ћ·
2x p (3)

Where:

σx=standard deviation of particle's position;
σp=standard deviation of particle's momentum (product of mass
and velocity);
ħ=reduced Planck constant (ħ=h/2π; h= 6626.10−34 J s).

Heisenberg's Uncertainty Principle is a consequence of the as-
sumption that a quantum particle is a wave packet. This situation
contrasts with classical-mechanical behavior, where both the position
and momentum can, in principle, be specified simultaneously as pre-
cisely as one wishes (Fitts, 2002). According to Zozor et al. (2008), the
Uncertainty Principle is a fundamental concept that attracts a great deal
of attention, not only in quantum physics, but also in other areas.
However, Jijnasu (2016) affirmed that the clarity that has dawned upon
physicists over the decades regarding quantum uncertainty remained
mostly imperceptible for general readers, students, philosophers and
even non-expert scientists.

5. Framework for Conformity Assessment inspired by the
Uncertainty Principle (FCAUP)

Bearing in mind the classical concepts of particle (very small piece
of matter) and wave (disturbance or variation which travels through a
medium) and recognizing the unquestionable importance of docu-
mented records and evidences during conformity assessment activities,
it is necessary to establish some new definitions based on an analogy
with some physical notions:

− Particle-like records (PLR) are those that can be double-checked
during first-party conformity assessments without any kind of dis-
turbance on the product under assessment;

− Wave-like records (WLR) are those in which double inspections are
not feasible during first-party conformity assessments or they can
cause some level of disturbance on the product under assessment;

− Position of record in conformity assessment is its objective and/or
absolute information to be double-checked;

− Momentum of record in conformity assessment is its subjective
and/or interpretative evaluation/verification based on available
information.

In accordance with these definitions, during the initial approach of a

conformity assessment, a particle-like record (PLR) seems to allow
suitable double inspection on its position whereas its momentum is not
as useful. On the other hand, it seems to be difficult (or even im-
possible) to perform double inspection on the position of a wave-like
record (WLR), but its momentum may be relatively useful.

This initial approach of a conformity assessment resembles the
conventional interpretation of macroscopic phenomena given by
Classical Physics. However, as conformity assessment activities evolve,
and detailed qualitative observations take place, the understanding of
the initial approach may not explain the actual condition of the product
under assessment. Similar situation occurs when Classical Physics at-
tempts to explain physical phenomena at subatomic scales.

The divergences between Classical Physics and Quantum Mechanics
emerge as the scales decrease, that is, the quantum behavior, the wave-
particle duality and the influence of the observer on the measurement
process are understandable at very small scales. In the same way,
during the conformity assessment activities, as the qualitative aspects
are truly investigated, findings that can mix up the judgements initially
established may arise and the influence of the observer, in this case the
assessor, cannot be ignored (a quantum-like behavior).

During conformity assessment activities, the discrepancies between
an initial approach and actual findings emerge as the qualitative in-
vestigation advances. Analogously, the extremely small scale of the
Uncertainty Principle corresponds to the extremely detailed qualitative
investigation in conformity assessment (see schematic representation in
Fig. 5).

Based on analysis of Fig. 5, one may consider that physical mea-
surements at subatomic scales resemble in-depth qualitative evalua-
tions, as well as, small particles and discrete records may be assumed as
analogous elements in this conceptual discussion:

− Particles have position and momentum, whereas records have also
position (objective information to be double-checked) and mo-
mentum (subjective/interpretative evaluation);

− Position and momentum of particles are well-defined at macroscopic
scales, but they cannot be mutually measured with absolute preci-
sion at subatomic scales, whereas presumed position and mo-
mentum of records during initial approach may change and be
mixed up due to qualitative nuances of findings;

− Wave-particle duality at subatomic scales can be associated to the
possible changes in qualitative interpretation and judgements as in-
depth investigation evolves;

− The observer effect due to quantum behavior at subatomic scales
can be compared to the obvious impact caused by a qualified as-
sessor during in-depth qualitative evaluations, that is, there is also
an assessor effect caused by his/her personal interpretation of
findings;

− These peculiarities of conformity assessment may be described as a
quantum-like behavior.

Nevertheless, it is not the purpose of this study to demonstrate that
there is mathematical connection among all postulates of the
Uncertainty Principle (UP) and all characteristics of Conformity
Assessment (CA). Instead, the main idea is to advocate that the
knowledge of a conceptual analogy satisfactorily consistent between UP
and CA can be useful in establishing structured activities to support and
simplify the execution of conformity assessment.

The central proposition of this paper, i.e. a conceptual analogy be-
tween the Uncertainty Principle (UP) and Conformity Assessment (CA)
is summarized in Table 5 by means of five topics. Based on that ana-
logy, an original framework for planning and implementing conformity
assessment by considering approach 3 (partial double inspection) has
now been introduced by the acronym FCAUP (Framework for Con-
formity Assessment inspired by the Uncertainty Principle).

It should be observed that the acronym FCAUP is also related to the
first letters of the five topics highlighted in Table 5 (Fact, Context,
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Actions, Understanding and Paradigm).
Basically, the proposed framework is a structured deployment of

three functions (selection, determination, review and attestation) of
conformity assessment defined by international standard ISO/IEC
17000:2004a (Fig. 1) and it is divided into five stages (Foreword,
Classification, Arrangement, Uncovering and Paperwork) correlated to
acronym FCAUP as well. The stages, steps, comments and instructions
of the proposed procedure called as FCAUP are arranged in a flow chart
shown in Fig. 6.

6. Preliminary evaluation of FCAUP

FACUP has been evaluated by means of three simulations based on
actual examples of conformity assessment which were previously car-
ried out by using products of different manufacturing industries: an
electro-electronic equipment (industry A), a hydro-mechanical equip-
ment (industry B) and a test set-up (industry C). Industries A, B and C
have been chosen because all actual conformity records were available
for the authors examination during the study. Those conformity as-
sessments were previously carried out in December/2013, March/2014
and July/2015, respectively, without using this framework. In order to
ensure confidentiality aspects, names of companies, geographical lo-
cations and details of products have been omitted.

Some of the actual records appraised during conformity assessments

in Industry A (electro-electronic equipment) and Industry B (hydro-
mechanical equipment) are shown in Fig. 7, but specific confidential
details have been intentionally omitted.

To implement a preliminary evaluation of FCAUP, all actual data
and records have been reexamined by considering instructions and
calculations predicted by the framework. Table 6 compares the results
of actual conformity assessments and those of simulated conformity
assessments based on data obtained from industries A, B and C. All
definitions previously presented, such as PLR (particle-like records),
WLR (wave-like records), CREI (conformity record evaluation index),
DTC (degree of trust in conformity; in these simulations, high, medium
or low) and uncertainty zones (in these simulations, from I to V) are
essential to understand Table 6.

Supplementary information explains the data presented in Table 6:

− Those actual conformity assessments have been carried out by an
experienced assessor and the simulations have been performed by
the authors of this study;

− During the actual assessments previously performed in industries A,
B and C, no specific rule has been used by the assessor to define the
percentage of double inspections. Instead, the percentages were not
previously defined, since they were consequence of empirical pro-
cess (the values 50%, 75% and 30% are approximations for the
actual amounts);

UNCERTAINTY PRINCIPLE CONFORMITYASSESSMENT
MACROSCOPIC DIMENSIONS

SUBATOMIC DIMENSIONS

INITIAL APPROACH

IN-DEPTH INVESTIGATION

PARTICLE (AND NOTWAVE IN CLASSICAL SENSE) DOCUMENTED RECORDS
WELL-DEFINED POSITION AND MOMENTUM PRESUMED “POSITION” AND “MOMENTUM”

OBSERVER EFFECT ASSESSOREFFECT

QUANTUM BEHAVIOR

WAVE-PARTICLE DUALITY

QUANTUM-LIKE BEHAVIOR

QUALITATIVE NUANCES OF FINDINGS

MEASUREMENTS
(DECREASING SCALE)

EVALUATIONS
(INCREASINGQUALITATIVE INVESTIGATION)

PHYSICAL PHENOMENA PRODUCTS, PROCESSES, ORGANIZATIONS

x. p /2
INITIAL JUDGEMENTS MIXED UP

Fig. 5. Analogy between uncertainty principle and conformity assessment (diagram).

Table 5
Analogy between the uncertainty principle and conformity assessment (summary).

Topic Uncertainty principle Conformity assessment

Fact Measurement of conjugate variables position (x) and momentum (p). Determination of fulfilling specified requirements.
Context Physical phenomena at subatomic scales. Products, processes, systems, personnel or organizations.
Actions Advanced experiments in laboratory based on specific postulates and

mathematical formalism.
Inspection, sampling, testing, quality management system assessment, audit
(double-checks are included).

Understanding Position (x) and momentum (p) are canonically conjugate variables. The more
precisely one is defined, the less precisely is the other, in accordance with the
equation σx.σp≥ ħ/2.

Double-checked records have also position (objective information) and
momentum (subjective evaluation) and, as in-depth investigation evolves
during the execution of conformity assessment, the initial judgement may be
mixed up due to qualitative nuances of findings (quantum-like behavior).

Paradigm The Uncertainty Principle is indeed related to wave-particle duality.
Furthermore, the experimental process itself influences the measurement
result due to a quantum behavior.

There is some uncertainty in carrying out conformity assessment caused by a
quantum-like behavior and the assessment result is also influenced by the
observer (assessor). The boundaries where uncertainty does not degrade
assessment results may be established by means of a qualitative trade-off.
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− For these three simulations, all records previously collected during
the actual assessments have been reviewed and divided into two
categories, PLR (particle-like records) and WLR (wave-like records):
electro-electronic equipment of Industry A (42 records = 34
PLR + 8 WLR), hydro-mechanical equipment of Industry B (48 re-
cords = 36 PLR + 12 WLR) and test Set-up of Industry C (145
records = 25 PLR + 120 WLR);

− Some examples of particle-like records (PLR) are basic dimensions of
the product, total weight, bonding resistance tests and verification
of external damages, because they could be double-checked without
disturbance on the product under this simulated assessment
(electro-electronic equipment of Industry A);

− Some examples of wave-like records (WLR) are proof pressure and
sealing test, valve functioning test, actuator stroke test under spe-
cific conditions and leakage test after 24 h, because they could cause
some disturbance on the product under this simulated assessment
(hydro-mechanical equipment of Industry B);

− All available records have been evaluated by the authors of this
study during the simulations and, therefore, the value for CREI
(conformity record evaluation index) is 1 in the three cases as per
Equation (1);

− Degrees of trust in conformity (DTC medium for industry A, low for
industry B and high for industry C) have been provided by the as-
sessor responsible by the actual assessment based on his professional
expertise;

− Uncertainty zones (IV for industry A, III for industry B and V for
industry C) have been defined by the authors in accordance with
Fig. 4 and Table 2;

− Recommendations for double inspections (22% for industry A, 50%
for industry B and 6% for industry C) have been obtained by the
authors according to Fig. 4 and Table 2;

− Quantities of double-checked PLR have been obtained by the au-
thors considering the percentages of recommendations given by
Table 2 (e.g.: 22% of 34=7,48 or approximately 8; 50% of
36=18; 6% of 25=1,5 or approximately 2);

− Quantities of verified WLR have been jointly defined by the authors
and assessor by means of qualitative appraisal predicted by the
framework.

As informed by the assessor, specifically in the case of actual con-
formities carried out in Industry A and Industry B, there was a little
change between the initial judgment and the understanding due to the
findings after in-depth investigation. By the other hand, no change has
been observed in the actual conformity assessment in industry C (test

Perform a complete documentation review
based on selected items

Identify the records related to inspection
activities previously carried out

F
Foreword
Stage

Organize all records into 2 classical groups:
- particle-like records (PLR)
- wave-like records (WLR)

Calculate CREI (conformity
record evaluation index) for all
related records (PLR and WLR)

Double-check the position of
particle-like records (PLR) by
sampling inspection plan

Prepare information
regarding conformity
assessment result

END

START

C

A

U

P

Classification
Stage

FCAUP (FRAMEWORK FOR CONFORMITY ASSESSMENT INSPIRED BYTHE UNCERTAINTY PRINCIPLE)

Arrangement
Stage

Uncovering
Stage

Paperwork
Stage

Define a quantitative
recommendation for

double inspections of PLR

Establish the degree of trust
(3, 5 or 7) and estimate the

uncertainty zone

Establish 2 qualitative rankings
regarding PLR and WLR from

vital to trivial ones

Define a sampling inspection plan for PLR
and a verification list forWLR based on

qualitative trade-off

Make inferences regarding the
momentum of wave-like records
(WLR) by verification list

Conformity ?
NO

YES

Perform further appraisals of
PLR and/orWLR as needed

Confirm assessment result:
conformity or non-conformity

In-depth evaluation:
perform qualitative

appraisals of PLR/WLR

Fig. 6. FCAUP (schematic representation as a flow chart).

Fig. 7. Some of the actual records of Industries A and B.
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set-up) in terms of initial approach versus qualitative nuances. This
means that it is not always that a quantum-like behavior arises during
conformity assessment, but this possibility cannot be ignored.

The simulations have indicated that the use of this framework
during conformity assessment is indeed advantageous because realistic
results could have been reached in an improved and structured proce-
dure. For all simulated situations, it can be observed that the percentage
of double inspections is lower than that of double inspections per-
formed during actual assessment. This happens mainly because the
following key aspects of FCAUP:

− Extensive examination of available conformity records;
− Degree of trust in conformity is also considered;
− All available records are categorized;
− Some uncertainty is admitted, but its level is estimated to define

countermeasures;
− Both quantitative and qualitative analyses are carried out;
− Use of non-probability sampling (purposive) based on qualitative

trade-off;
− Objective inspections (position) are merged with subjective ver-

ifications (momentum);
− There is also an opportunity to perform further appraisal in case of

remaining uncertainty.

In order to provide support as regards using the framework, suitable
spreadsheets can be used as needed; however, they shall clearly include
instructions and calculations predicted by the method FCAUP in such a
way that anyone is able to properly input data. Simulations presented in
Table 6 have been plotted in spreadsheets that were previously pre-
pared for the concepts described herein.

English philosopher and theologian William of Ockham
(1285–1349) has defined the Principle of Parsimony as “Frusta fit per
plura, quod fieri potest per pauciora”, i.e. it is vain to do with more what
can be done with less (Upton and Cook, 2008). Founded on that idea
and considering the conceptual analogy proposed by the procedure
FCAUP, it is acceptable that approach 3 (partial double inspection) is in
fact a suitable option during conformity assessments if compared to
approach 1 (no double inspection) and approach 2 (100% of double
inspection). In general, this understanding is correct once bearing in
mind both technical and operational characteristics, as well as eco-
nomic aspects.

7. Conclusions

The main contribution of the present research is the introduction of
a novel procedure called as FCAUP, a five-stage guide for performing
conformity assessment based on an analogy with Heisenberg's

Uncertainty Principle. The Uncertainty Principle refers to physical
phenomena of position and momentum of particles at subatomic scales,
whereas the conformity assessment deals with some level of uncertainty
related to activities to demonstrate the fulfillment of specified re-
quirements by products, processes, systems, personnel or bodies.

In this conceptual analogy, the uncertainty regarding particle-like
records (PLR) can be preliminarily reduced by means of double in-
spections on position (objective information) by considering purposive
sampling based on qualitative trade-off. With respect to the uncertainty
related to wave-like records (WLR), this can be mitigated via verifica-
tion of momentum, i.e. subjective and/or interpretative evaluations. A
quantum-like behavior regarding these records may arise due to qua-
litative nuances and, in this case, additional appraisals are required.
The comprehension of this possible quantum-like scenario is a decisive
factor in the execution of the structured activities recommended by
FCAUP.

Following the discussions presented so far, it can be concluded that
a partial double inspection is more appropriate than a complete double
inspection or no double inspection at all, and this understanding is
correct by considering technical, operational and economic aspects.
Furthermore, for all situations in which there is an extensive review of
records during conformity assessment activities, no more than 50% of
double inspection is enough to obtain useful and reliable results, even
in situations in which the degree of trust in conformity is very low.
However, it is important to emphasize that only the implementation of
double inspection cannot eliminate all uncertainty inherent to the
conformity assessment process, but, whenever applicable, double in-
spection can be considered an effective assessment tool.

To sum up, it is already possible to assume that the method FCAUP
(Framework for Conformity Assessment inspired by the Uncertainty
Principle) introduced herein can be satisfactorily used in several cate-
gories of conformity assessment, mainly in first-party assessments, by
considering applicable amendments and adaptations. A framework like
this is an appropriate tool to improve both technical and operational
activities of conformity assessment in manufacturing industries and in
many other areas as previously mentioned, but it is also helpful in terms
of strategic planning, since it supports decision makers in their eva-
luations related to quality management. Nevertheless, further in-
vestigations on actual conformity assessments should be conducted in
order to achieve a full validation of FCAUP.
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Table 6
Preliminary evaluation of FCAUP: actual assessments versus simulated assessments.

Industry A Industry B Industry C

Item under assessment Electro-electronic equipment Hydro-mechanical equipment Test set-up
Date of actual assessment Dec/2013 Mar/2014 Jul/2015
Total Qty of conformity records 42 48 145
% of double inspections 50% 75% 30%
Actual assessment result Conformity stated Conformity stated Conformity stated
Date of simulation Apr/2017 Apr/2017 Apr/2017
Qty of PLR (particle-like records) 34 36 25
Qty of WLR (wave-like records) 8 12 120
CREI (conf. record evaluat. index) 1 1 1
DTC (degree of trust in conformity) Medium Low High
Uncertainty zone (I to V) in accordance with Fig. 4 IV III V
Recomm. for double insp.(%PLR) as per decision matrix (Table 2) 22% 50% 6%
Qty of double-checked PLR 8 18 2
Qty of verified WLR 6 10 20
Simulated assessment result Conformity endorsed Conformity endorsed Conformity endorsed
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