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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Quality Function Deployment (QFD) is a method to assure customer or stakeholder satisfaction and
value with new and existing products by designing in, from different levels and different perspectives,
the requirements that are most important to the customer or stakeholder. These requirements can be
well understood through the use of quantitative and non-quantitative tools and methods to improve
confidence of the design and development phases that they are working on the right things. In addition
to satisfaction with the product, QFD improves the process by which new products are developed.

Reported results of using QFD include improved customer satisfaction with products at time of launch,

impgroved cross-functional communication, systematic and traceable design decisions, effic

res
the

Thi
in 1
con
oldg
sho
exh
req

Thi
spe

urces, reduced rework, reduced time-to-market, lower lifecycle cost, and improvedure
organization among its customers or stakeholders.

5 document demonstrates the dynamic nature of a customer-driven approagh. Since it
966, QFD has broadened and deepened its methods and tools to respondto_the changiy
ditions of QFD users, their management, their customers, and their produgts. Those whqd
br QFD models find these improvements make QFD easier and faster-to use. The method|
wn and referenced in the standard represent decades of improvements to QFD; the lis
pustive nor exclusive. Users can consider the applicable methods and tools as sugge
lirements.

5 document is descriptive and discusses current best practice, it is not prescriptive by
Cific tools and methods.

ient use of
butation of

5 inception
g business
have used
s and tools
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stions, not
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stomer and voice of stakeholder

Scope

5 document describes quantitative approaches for acquisition of the voice-ef customer
e of stakeholder (VOS) and its purpose, and provides recommendations 61 the use of the
s and methods. It is not a management system standard.

E It does not provide requirements or guidelines for organizations to develop and sy
age their policies, processes, and procedures in order to achieve spe¢ific objectives.

rs of this document include all organization functions necgssary to assure customer s

rmation technology (IT), manufacturing, procurement, quality, production, service, pac
stics, support, testing, regulatory, and other phases in hardware, software, service, 3
hnizations.

Normative references

following documents are referred-to in the text in such a way that some or all of th
Ktitutes requirements of this decument. For dated references, only the edition cited 3
ated references, the latest edition’of the referenced document (including any amendmen

10004:2018, Quality management — Customer satisfaction — Guidelines for monitoring and

3534-1:2006, Statistics,— Vocabulary and symbols — Part 1: General statistical terms and
robability

3534-4:2014, Statistics — Vocabulary and symbols — Part 4: Survey sampling

16355-1:2015, Application of statistical and related methods to new technology a
blopment.process — Part 1: General principles and perspectives of Quality Function Deployn

20252:2012, Market, opinion and social research — Vocabulary and service requirements

(VOC) and
applicable

stematically

htisfaction,

pding business planning, marketing, sales, research™ and development (R&D), emgineering,

kaging and
nd system

Pir content
pplies. For
[s) applies.

measuring

terms used

nd product
ent (QFD)

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-4,

ISO

16355-1, 1SO 10004 and 1SO 20252 apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at https://www.iso.org/obp
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4 Basic concepts of QFD
The basic concepts of QFD are described in ISO 16355 1:2015, Clause 4.

5 Integration of quantitative voice of customer (VOC) and voice of stakeholder
(VOS) acquisition with customer research methods

Integration of quantitative voice of customer (VOC) and voice of stakeholder (VOS) acquisition with
customer research methods is described in ISO 16355-1:2015, 8.2 and ISO 16355-2:2017, Clause 5.

6 Types of QFD projects
QFD projects encompass new developments, as well as generational improvements)to” exisfing

products. The types of QFD projects are described in ISO 16355-1:2015, Clause 6 and IS@-16355-2:2D17,
Clause 6 Nptes.

7 QFD team membership

7.1 QFDjuses cross-functional teams

Cross-funckional teams are described in ISO 16355-1:2015, 7.1.

7.2 Cor¢ team membership

Core team membership is described in ISO 16355-1:2015,.7.2.

7.3 Subject matter experts

Subject matter experts' involvement is described-in ISO 16355-1:2015, 7.3.

7.4 QFDjteam leadership
QFD team leadership is described in\[SO 16355-1:2015, 7.4.

NOTE It is common for quantitative VOC and VOS acquisition to be led by market researchers. This can bje an
internal dejartment or outsourced to a third-party organization.

8 Types of informiation

8.1 General

Quantitative methods and tools are used in QFD to understand, structure, prioritize, and analyze vbice
of customer and stakeholder. These are summarized in Table 1.

8.2 Market strategy and trends

8.2.1 General

Quantitative information is useful in setting strategies and projects for new product development. It
is the basis for both the objective and subjective decision making described in ISO 16355-2:2017, 9.1.2.

2 © IS0 2019 - All rights reserved
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2 Analytic network process (ANP)

The ANP is used to prioritize alternative plans for achieving strategic objectives that require input from
multiple stakeholders[1l. ANP is described in 9.1.

8.2.

3 Porter 5 force competitive analysis

This is used in strategic planning to give a high level view of future market opportunities and threats.
Its use in QFD is described in ISO 16355-2:2017, 9.1.2.3.

8.24

Thi
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5 Project selection

ntification is used to identify both objective and subjective criteria that;cah be used to
ioritized project portfolio. The analytic hierarchy process (AHP) is used throughout Q|
pose. Its use in QFD is described in ISO 16355-2:2017, 9.1.2.8.

Market segments

1 General

ntitative information is useful in identifying potential market segments and applicati
' product development which is described in 1SQ.26355-2:2017, 9.2.2.

2 Demographic market segmentation

ket segments can be analyzed according’to demographic attributes using cross tabulati
FD is described in 9.9.

3 Attitudinal and cultural dimensions

hographics, attitudes, and)culture can affect how customers respond to surveys
ntification of these facters and its use in QFD is described in 9.5.

4  New Kano model studies

Using knowledgeable consumers to respond to Kano model satisfaction surveys, the new K

can
10.1

8.3

be used-te reveal hidden market segments. Its use in QFD is described in ISO 16
4481

5C~ Repertory grid technique

5 is used to show current and trending changes in markets. Its use in QFD is describedin|9.8

synthesize
FD for this

pns during

bns. Its use

and visits.

ano model
55-5:2017,

In addition to the obvious physical characteristics of a product, for example shape or color, there can
also be unconsciously perceived customer-specific characteristics. The repertory grid technique
helps customers and stakeholders reveal their personal constructs by organizing and scoring product
characteristics. Its use in QFD is described in 9.15.

8.4

8.4.

Competitive space

1 General

In new product development, it is important to understand the alternative choices that customers can
make. This can include both similar products as well as new technologies. The following tools are useful
in ISO 16355-2:2017 and 1SO 16355-4.

© IS0 2019 - All rights reserved
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8.4.2 Benchmarking

Benchmarking is used to capture customer perceptions about current and competitive products, as
well as to plan future product placement in QFD. Customer perception benchmarking is used in the

quality pla

nning table described in ISO 16355-4:2017, 12.2.

8.4.3 Market position analysis

Market position analysis is used to understand how competing products are perceived by customers.
Its use in QFD is described in 9.8.

8.4.4 Mllltidimensional scaling (MDS)

MDS is use¢

d to graphically display visual maps of competitive market space and opportunities. Its

in QFD is described in 9.10.

8.4.5 Re

Repertory
use in QFD

pertory grid technique

grid technique is used to capture customer perceptions regarding ‘competing products
is described in 9.15.

8.5 Customer and stakeholder applications

8.5.1 Fr¢

How often
Cross tabu

pquency of use or application

ations can be used to gather and analyze this information. Its use in QFD is described in

8.5.2 Ropust parameter design

Robust pa

environme
described 1§

ntal influences in order to make-the product more robust to these factors. Its use in QF
n ISO/TS 16355-6 and ISO 16336:

8.6 Custiomer needs

8.6.1 Fu

Text analy
described
The use o

described 1

nctional needs using text analytics and text mining

[ics of big data is used to augment interview- and observation-derived customer needs
n 9.16. Custoiier needs are defined in ISO 16355-1:2015, 3.3 and ISO 16355-4:2017, 9.1
AHP toprioritize them is described in ISO 16355-4:2017, 11.2. The house of qualit|
n SO 16355-5:2017, 9.3.6.

use

Its

A customer uses a product for a certain problem or@pportunity can influence design choices.

9.9.

rameter design can incorporate thevimpact of customer usage and application as welll as

D is

, as
3.3.

y is

8.6.2 Emotional or attractive needs using kansei engineering

In QFD, customer needs are described as the benefit to the customer of their problem solved, their
opportunity enabled, or their image (self or to others) enhanced. Problem solved and opportunity
enabled are functional needs as described in 8.6.1. Image enhanced to self or to others are addressed
using kansei engineering. Kansei engineering uses quantitative techniques such as the semantic
differential, factor analysis, and multivariate analysis to explain what components at what performance
level drive design elements that lead targeted customers to experience specific emotions. This is
explained in ISO/TR 16355-8:2017, Clause 8. For category-type variables, the quantification methods
can be used, as described in 9.13.

© ISO 2019 - All rights rese
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8.7 Prioritization

8.7.1 General
Prioritization is used throughout QFD to focus the efforts of the design team. Modern QFD uses the

analytic hierarchy process (AHP) in voice of customer and stakeholder analysis to structure and
prioritize customer needs.

8.7.2 Analytic hierarchy process (AHP)

Prigritize business and project goats as Wett as prioTitize marketSegments using AP (IS0 16355-2:2017,
9.1.2.8 and 9.1.3). Prioritize customer needs using AHP. (ISO 16355-4:2017, 11.2)

8.7|3 L-matrices

Striicture and prioritize customer segments using L-matrices and AHP. (ISO 16355-2:2017, 92.3)

8.7/4 Cluster analysis

Structure customer needs using cluster analysis (9.4) instead of “affinity diagram and hierarchy
diagram. (ISO 16355-4:2017, 10.2 and 10.3)

8.7]5 Analytic network process (ANP)

Prigritize customer needs using the analytic network priecess (ANP) (9.1).

8.7)6 Benchmarking

Benchmark customer perceptions of current and competitive products (ISO 16355-4:2017, 12.2).
8.8| Product requirements, feature sets, concept options

8.8]1 Conjoint analysis

Conjoint analysis is used to-determine what combination of product attributes and performjance levels
are|most preferred by customers. Its use in QFD is described in 9.3.

8.8)2 Customer nieeds — Functional requirements matrix (house of quality)

Theg house of.quality is used to transfer prioritized customer needs into prioritized |functional
reqpirementsin QFD. Its use in QFD is described in ISO 16355-5:2017, 9.3.6.

8.8{3 “Quantification method III

This variation on correspondence analysis helps uncover hidden use cases and appropriate concepts to
address them. Its use in QFD is described in 9.13.2.

8.8.4 Regression analysis

Regression analysis is used to predict the effects of product performance on customer evaluations. Its
use in QFD is described in 9.14.

8.8.5 Repertory grid technique

Repertory grid technique is used to what product features are desired by customers. Its use in QFD is
described in 9.15.

© IS0 2019 - All rights reserved 5
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xt analytics and text mining

Text analytics of big data helps extract product features that are referenced frequently in online

reviews. [t

s use in QFD is described in 9.16.

8.9 Distribution, logistics and inventory, sales channels

New Lanchester strategy can be used to take competitive advantage of distribution and sales channels.
Its use in QFD is described in ISO 16355-2:2017, 9.1.2.6.

8.10 Customersatisfactionmsurveys and preference benchmarking

8.10.1 Cu|

Customer
described

survey mef

8.10.2 Fa

Customer §

product at
basic expe

8.10.3 Fu

Customer

theory can

8.10.4 Ne

stomer satisfaction surveys

batisfaction surveys are described in ISO 10004. Sample survey developmént guidang

hods.

ctor analysis and covariance structure analysis

e is

n Annex A. These can be used to produce customer satisfaction surveys;based on sample

atisfaction and dissatisfaction surveys can be analyzed to help developers prioritize w
fributes and functional requirements are strongly associated with customer exciteme
Ctations. Its use in QFD is described in 9.6.

zzy set theory

bcoring on a linear satisfaction scale is difficult when the scores are not crisp. Fuzzy
be used to improve the process. Its use in QED'is described in 9.6.

t promoter score (NPS)

ich
or

set

er score is used to measure customer loyalty in terms of likelihood of recommending a

mer

s of

devl:le(:/l\;ll:;gl;)cl:ase Method or tool Detailed information
8.2 Market strategy and  |Analytic network process (ANP) 9.1
trends Porter 5 force competitive analysis ISO 16355-2:2017,9.1.2.3
Market position analysis 9.8
Project selection ISO 16355-2:2017,9.1.2.8
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Table 1 (continued)
New product Method or tool Detailed information
development phase
8.3 Market segments Demographics using cross tabulation 9.9
Attitudinal and cultural dimensions 9.5

New Kano model

IS0 16355-5:2017,10.3.4.4.8.1

Repertory grid technique

E

8.4 Competitive space Benchmarking ISO 16355-4:2017,12.2
Marketpositiomramatysts 96
Multidimensional scaling (MDS) 9.10
New Lanchester strategy IS0 16355-2:2017,9.1.2.6
Repertory grid technique 9.15
8.5|Customer and stake- |Frequency of use or application 9.9
holfler applications Robust parameter design 1SO/TS 16355-6, IS0 16336, 1SO 16337
8.6[Customer needs Functional needs using text analytics and 916

text mining

Emotional or attractive needs using kansei
engineering

[SO/TR 16355-8:2017, Clauke 8

sal¢s channels

8.7|Prioritization Analytic hierarchy process (AHP) ISO 16355-2:2017,9.1.2.8 apd 9.1.3
L-matrices ISO 16355-2:2017,9.2.3
Cluster analysis 9.4
Analytic network process (ANP) 9.1
Benchmarking 1SO 16355-4:2017,12.2
8.8|Product require- Conjoint analysis 9.3
mepts, feature sets, con- gy, multiple-objective decision models
ceplt options for FMEA 9.7.6
House of quality ISO 16355-5:2017,9.3.6
Quantification method Il and factor analysis|9.13.2
Regression analysis 9.14
Repertory grid technique 9.15
Text analytics and text mining 9.16
8.9|Distribution,
log}stics and invento1y, New Lanchester strategy IS0 16355-2:2017,9.1.2.6

8.1 Customér'satisfaction

Customer satisfaction surveys

ISO 10004 and Annex A

surjveys and-preference

berjchmarking gi;‘i;;ignalysis with covariance structure|9.6
Fuzzy set theory 97
Net promoter score (NPS) 9.11
Neural networks/artificial intelligence 9.12,9.2
Regression analysis 9.14
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9 Tools

for quantitative VOC and VOS acquisition and analysis

9.1 Analytic network process (ANP)

9.1.1 General

The analytic network process (ANP) is used for multi criteria decision making when there are
dependencies among the criteria (a network), unlike the AHP which assumes independence. Judgments
in ANP represent the influence of one element over another in relationship to a third element in the

network. This creates a supermatrix of prioritized clusters of elementsl2].
ANP is useful when multiple, interrelated customers and stakeholders have needs which interact,-quch
that the fulfilment of one need of one customer might positively or negatively interact with the’need of
another customer. If the customer value chain is linear or customers are independent, themthé anallytic
hierarchy process (AHP) is used to prioritize customers as described in ISO 16355-2:2017, 9.2.3 pnd
their need§ as described in ISO 16355-4:2017, 11.2.
NOTE Hierarchical leveling using the affinity diagram and hierarchy diagram as described in
[SO 16355-4:2017 10.2 and 10.3 respectively, becomes less important.
9.1.2 Building and analyzing the network
The follow|ng steps are used when ANP is used with QFD.
1) modellng and structuring of criteria and relationships;
2) pairwise comparisons of sub-matrices of lower level elements with respect to a third higher lgvel
element;
3) superrpatrix of sub-matrices to address interdepéendencies in the network;
4) calculgtion of steady-state values of supermatrix by raising to nth power, to use as priorities in
maxinfum value table (ISO 16355-5:2017,:9.2) or house of quality (ISO 16355-5:2017, 9.3.6).
EXAMPLE Students and faculty at a unjversity want to strengthen the curriculum (functional requiremgnts)
to improve ptudent skills (customer needs) A model of higher level and lower level skills is shown in Table]2. A
steady stat¢ supermatrix is constructed from sub-matrices and the priorities calculated (Table 3) for uselin a
house of quility of subjects to be taught/in the university (Table 4)[3].
Table 2 — Student skill set (partial)
Higher level Lower level
Personal Make effective presentations
development |Learn when new skills are needed
(PD) Written and verbal reporting
Modealnroblams and dacian colutian
. . . il - il il =l i
Decision ma_klng Use concepts, model, and tools
and modeling -
(DM) Project management
Use decision making process
8 © IS0 2019 - All rights reserved
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Table 3 — ANP Steady state super matrix (partial)

:2019(E)

Personal development

Decision making

Higher level

Lower level PD1 PD2 PD3 DM1 DM2 DM3

DM4

P
d

ment (PD)

1. Make effective presentations 0 0 0 0

0 0

ersonal

2. Learn when new skills are
evelop-

needed

3. Written and verbal reporting

1. Model problems and design

solution 02825102825/ 0282510282510282510282

eclision

50,2825

kingand |2 yse concepts, model, and tools | 0,345 6 0,345 6| 0,345 6| 0,345 6| 0,345 6/ 0,324

6|0,3456

odeling

(DM) 3. Project management 0,134 4| 0,134 4| 0,134 4| 0,134 4| 0,134 40,134

410,134 4

y

4. Use decision making process 0,237 40,237 4| 0,237 4| 0,237 4| 0,237)4| 0,23]

410,237 4

Table 4 — House of quality for university curriculum (partial)

Information

technology Calculus

Relations
between
mathematics,
business, and
economics

M
ic:
fo

P

Office p

suite
software

ANP
weight

rimary
needs

Computer

Secondary needs hardware

-
r

] models

themat-

real life
oblems

mg

IDecision

nhodeling

Model problems and design

solution 0,282 5 0,069 0,267 0,267

0,069

iking and

Use concepts, model, and tools | 0,3456 0,267 0,267 0,267

0,000

Project management 0,134 4 0,069 0,267 0,000

(DM)

0,267

Use decision making process 0,237 4 0,000 0,000 0,000

0,000

9.2

The
(Al

in machine learning that cangive significant support towards the QFD approach in IoT desig

foll
a)

Artificial intelligence (AI)

design of complex internet.of-things (IoT) systems can be improved by using artificial i
to accelerate the captur€.and analysis of both customer and stakeholder needs. Four dey

pwing.

Neural networks(NN). Customer needs, engineering characteristics and engineering sg
representedasneurons. Each neuron represents a node (e.g. engineering solution is a no
link betwéen neurons represents a relationship (e.g. there are relationships between e
characteristics and customer needs). Using the NN model in QFD, the output customer s
would-be attained using the input parameter, engineering solutions. NN is described in §

b)

Hierarchical temporal memory (HTM). This is a machine learning algorithm that can b

Intelligence
relopments
h arel4] the

lutions are
de) and the
ngineering
atisfaction
).12.

e designed

to learn in an unsupervised manner to use previous knowledge to make future predictions. A

cognitive model for QFD is proposed to:

1) identify customer needs;

2) prioritize customer needs;

3) prioritize solution characteristics;
4) input priorities into an Al model;
5) Almodel;
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6) production control attributes for industry 4.0 application of IoT.

c) Reinforcement learning. The algorithm itself learns what needs to be done to optimize speed and
quality to ensure customer satisfaction and business success.
d) Cognitive Al exploiting natural language and big data analysis. Based on Al systems, cognitive Al

uses neural networks and reinforcement-learning to analyze very large amounts of data generated
from business and social networking systems. This has the ability to filter and analyze big data to
identify underlying trends for understanding customer and stakeholder segmentation, customer
language, and behavior.

9.3 Conjoint analysis

9.3.1 Gejneral

Conjoint amalysis is used to ask customers to consider jointly various product attributes in term
their relat{fve importance and the utility they assign to the performance levels ofthose attributes.

conjoint anjalysis helps new product developers

a) undergtand the importance of product attributes in the customer purchdse decision;

b) estimdte market share with different levels of product attributes;

c) determiine the product configuration with the most prefefred levels of important prodluct
attribytes;

d) segmept the market based on similar preferences for thedevels of product attributes.

9.3.2 Types of conjoint analyses used with QFD

9.3.2.1 Trade-off conjoint analysis

Advantagef of trade-off conjoint analysis arethat it is easy for customers to respond to the survey apd a

large number of attributes can be examined-Disadvantages include that it is difficult to display conc¢pts

pictorially|interactions are hard to medsure, and there can be a large number of response matrices

9.3.2.2 Raired comparison conjoint analysis

The advanftage of paired coniparison conjoint analysis is that it is easy for customers to resp¢nd.

Disadvantz

ges are that with’a large number of attributes, the number of comparisons grows quig

Kkly.

When respondents become indifferent to the presented pairs, the presentation of choices carn be

stopped.

9.3.2.3 Hull ~profile conjoint analysis

Advantage rial
representation can be used, and there is greater flexibility in what can be measured. Disadvantages are
that information overload is possible, product attributes are limited to about 6 - 8, and it is expensive
and time consuming to field a survey.

s of Fn]]-prnfilp r‘nn}'m'nf :\h:\]ycic are more realistic choices can be prncpnfnr‘]l pir‘fr

9.3.2.4 Adaptive conjoint analysis

Adaptive conjoint analysis has each respondent rank their preferred performance level for each product
attribute. The performance levels are bounded with the poorest acceptable level and the highest
desired level. A questionnaire is constructed with pictorial representations and respondents are asked
to trade-off between 2 - 9 partial profiles presented two at a time by rating the likelihood of purchasing
on a1 - 100 scale. Advantages are that if the results are computed during the survey, the respondent
remains interested, and many attributes can be tested.
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9.3.3 Building the conjoint analysis survey
1) Formulate questions for interviews.
2) Conduct the interviews.
3) Formulate the questionnaire.
4) Determine product attributes and concept designs to be tested.
NOTE1  Attributes can be limited in number and meaningful to the customers. The number oflevei{s arllld
i i i n make the

number of questions too large. A fractional factorial design identifies specific combinations tojpfesent, with
high confidence in the results. Fractional factorial designs are described in ISO 16336 and 1SO/1|S 16355-6.

NOTE 2 Concepts can be presented as textual descriptions simple profile cards,’or with pictorial
representations. A brand name or trademark can be used as one of the attributes. Pictorial repgesentations
reduce information overload, keeping the process more interesting and less fatiguing to the resgondent, and
are more realistic.

NOTE 3  Response scales can be ordinal rating, ordinal ranking, or pricé customer is willing tp pay.
5) |Field the questionnaires.

NOTE 4  Questionnaires can be done by personal interviews, eo0mputer applications or social media, mail,
or telephone.

6) |Analyze the results. Change attributes and levels to.forecast and simulate customer pfeferences.
Analysis of latent classes helps identify sub-segments in the market[5].

9.3/4 Case study of conjoint analysis and QFD

9.314.1 General

Thik case study is for the design of a.new home climate controllerlé]. Homes and businesses [looking for
ecotfriendly climate control are key'‘edstomers for this project. Determining key customers i$ described
in ISO 16355-2:2017, 9.2.1. Other stakeholders include architects and heating and coolling retail/
wholesale centers.

9.3/4.2 Interview questions

Key| customers and-stakeholders are interviewed regarding their use of a controller to set anld maintain
proper building/temperature in different seasons. From these interviews, specific product attributes
are|selected fotrevaluation in a conjoint analysis questionnaire. These attributes included:

a) |price(30 € 40 €, or 50 €);

b) |display (analogue, digital, or voice);

c) brand (company L, company G, or company T).

9.3.4.3 Array of factors in trade-off conjoint analysis

Table 5 shows the layout of the trade-off array of the survey questions. Respondents are shown
examples of the products to be tested (text descriptions, profile cards, or pictorial representations) and
asked to rate or rank them, with a score of 1 for the most preferred and descending in value to the least
preferred combination of product attributes. Here, the customer preference rating for each profile is
recorded.

NOTE Additional profiles combining display, brand, and price can be added.
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Table 5 — Conjoint analysis profiles in questionnaire

Level Attribute levels Preference
Attribute Ref # Description Profile # Display Brand Price rating
Display 3 Analogue 1 1 1 1 9
2 Digital 2 1 2 2 7
1 Voice 3 1 3 3 5
Brand 3 L 4 2 1 2 6
2 G 5 2 2 3 5
1 T 6 2 3 1 6
Price 3 30 € 7 3 1 3 5
2 40 € 8 3 2 1 7
1 50 € 9 3 3 2 6

9.3.4.4 Analysis of results

Most statidtical software packages include a conjoint analysis function. Spreadsheet programs can flso
do this with a linear regression function. In Table 6, the results show/the’influence of display, brand,
and price. Price is the most important driver for the product with twicethe importance of display tfype
and brand,|and that the analogue display, L brand, and 30 € price are the preferred combination of{the
attribute lgvels.

Table 6 — Conjoint analysis results

Level

Attribute Ref# Description Utility Importance
Display 3 Anhalogue 0,778

2 Digital -0,556

1 Voice -0,222 0,258
Brand 3 L 0,445

2 G 0,111

1 T -0,556 0,214
Price 3 30€ 1,111

2 40 € 0,111

1 50 € -1,222 0,500

9.4 Cluslter analysis

Another approach to understand how customers structure their needs is cluster analysislZl. In this
process, customers are asked to sort into five piles cards on which customer needs are written. Cards
placed in the same pile are then analyzed using cluster analysis to determine how "close" they are in
importance, and from this the priority of needs can be identified.

9.5 Cultural dimensions

9.5.1 General
Culture dimensions identify the members of one group or category of people from others but variability

among individuals within the same culture can be vast. Geert Hofsted likens variability among
individuals to a bell curve and the differences between cultures is like a shift of the bell curve. Culture
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has several dimensions that affect how customers respond to surveys and behave during gemba visits.
Models and scoring of these dimensions by Hofstede and others can help QFD teams understand
customers better[8l. The cultural dimensions and scores are as follows.

1) Power Distance Index (PDI), this reflects the unequal distribution of power in society and how
tolerated it is by subordinates.

2) Individualism (IDV), are people acting mostly for their own sake or is collectivism valued.

3) Masculinity (MAS), this deals with the distribution of roles between the sexes.

4_ 11 foiat A | Lo LI1A1N 1o ol o o] £, foiat | L it
OTICCTCATITCY 11V OTO dTICCTITOCAT T OTTT); T CTAaAtC SO tIICCOTCT aIC CTUT U TICCT CATIICy  alTu aiToTa o Ly.

5) [Long-Term Orientation (LTO), is long time or short time thinking valued.

9.5]2 Cultural dimension scores

Hofptede's scores were developed by analyzing company employees in moreithan 70 couptries. The
scoring scale is 1 - 100, with 50 at the midpoint and are organized as showmnin Table 7.

Table 7 — Hofstede cultural dimension scoring

Cultural dimension Low score (1 -50) High score (51 - 100)
PDI Strives for equality and disQ tion Accepts hierarchical ord¢r and one's
of power place in it
IDV Group is responsible for'members in| Individual is responsible for their
exchange forlloyalty self
MAS Cooperative, ‘rsi}lg, consensus, Competitive, assertive| material
qualit ife rewards rewards
UAI Relaxed behavior and more tolerant| Rigid codes and disconffort with
ofidifferent perspectives uncertainty
LTO Tna@blonal values and discomfort Future oriented and pfagmatic
('}\ with new ideas about change

9.5/3 Cultural dimensions-and QFD

PDI| (power distance) and the UAI (uncertainty avoidance) has the largest influence on gemba visits,
and to a lesser extent alse’ the LTO (long term thinking). PDI can influence the way visited|customers
behjave during a gembavisit. For example, in a culture with a high PDI, subordinates avoid [expressing
opinions that differfrom their superiors, so to successfully perform a gemba visit in a high §DI culture,
it i important te show integrity and in at least part of the visit, speak to different hierarchical levels
sepprately.

EXAMPLE U.S. with respect to world averages are PDI (40/54) and UAI (46/62). These figures $uggest that
the lmportance of hierarchy is slightly higher than for Sweden and Germany, but because the UAI isjmuch lower

than Getrmany'’s (65) and Brazil’s (76), although higher than Sweden’s (29), this indicates that in the|U.S. there is

a higher than average openness to the new and unproven. The gemba visits in US passed without problems, the
participants showed a genuine interest in sharing their thoughts, as is consistent with the low UAI.

9.6 Factor analysis with covariance structure analysis

9.6.1 General

Customer satisfaction and customer dissatisfaction are both useful metrics in new product development,
especially to measure customer loyalty[2l. Satisfaction metrics are useful in developing products that
customers can differentiate from competitors'. Dissatisfaction metrics are useful in cost reduction
efforts used in cost deployment and value analysis and engineering, as described in ISO 16355-5:2017,
10.4.4. This helps identify areas of removing over-engineered costs without creating unacceptable
customer dissatisfaction. Satisfaction and dissatisfaction are similar to the Kano model categories of
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exciting quality and expected quality described in ISO 16355-5:2017, 10.3.4.4. Factor analysis is used
to identify known satisfaction elements and is combined with covariance structure analysis to identify
unknown additional satisfaction elements.

9.6.2 Factor analysis to classify functional requirements into satisfaction factors

Satisfaction elements, functional requirements, and non-functional requirements such as reliability,
safety, price, economy, functionality, usability, and others are surveyed with customers using a Likert
scale of 1 - 5 to measure very dissatisfied, dissatisfied, neutral, satisfied, or very satisfied. Pairs of
factors can be grouped into one of four categories using factor analysis on the survey results.

1) Factor|1 only affects customer satisfaction.
2) Factor|2 only affects customer satisfaction.
3) Factorf 1 and 2 together affect customer satisfaction.

4) Neithef factors 1 or 2 affect customer satisfaction.

9.6.3 Copariance structure analysis

Covariancg structure analysis helps to further quantify the degree(to which certain elemé¢nts
contribute|to customer satisfaction or dissatisfaction. This helps deyvélopers group those elements by
the degree|which contribute to satisfaction but not dissatisfaction/or.contribute to dissatisfaction|but
not satisfagtion.

EXAMPLE A computer monitor is studied for which elements ase important for customer satisfaction. Using
a survey andl factor analysis, factors are grouped as value factors:(usability, functionality, price-competitivengss),
reliability factors (assurance, reliability, safety, economy), and\market factors (market penetration, availability).
Covariance [structure analysis showed the mutual effects’between the factors. Functionality and usabjlity
showed high covariance with value (covariances of 0,96\and 0,94 respectively). This directed developeifs to
optimize these functional requirements because thecustomer associated them with value. Availability |[and
functionalitly showed high negative covariance with\market penetration and reliability (covariances of -0,70{and
-0,30 respdctively). This directed developers to:avoid too many new functions that could delay the prodict's
launch or ingrease failures.

9.7 Fuzzy set theory and multi-attribute utility theory

9.7.1 Gepneral

When cusfomers can benehmark their degree of satisfaction with competitors, product developers
gain a deeper understanding of what it takes to succeed in the marketplace. Using the techniqug for
order prefg¢rence by-simnilarity to ideal solution (TOPSIS) found in multi-attribute utility theory, fyzzy
set theory[is used to/convert language data (ex. bad vs. good) into fuzzy numbers and then into cfisp
numbers. The follewing is described further in Reference [10].

9.7.2 Di

While marketers and new product developers strive to achieve best-in-class products, it is not always
easy to get precise customer feedback on what this actually means. In cases where customer responses
to surveys contain linguistic information (ex. bad, good, pretty good, great), it can be difficult to
quantify what this means on a numerical scale, such as 1 - 10. Further complicating this is that the same
linguistic terms could have different meanings in different situations. Fuzzy set theory developed by L.
A. Zadeh is used to covert linguistic information into fuzzy numbers. Then a fuzzy scoring method can
be used to convert the fuzzy numbers into crisp customer satisfaction scores. Multi-attribute decision
making can be used to then determine customer preferences.
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9.7.3 Fuzzy sets

Fuzzy sets address the lack of crisp scores by assigning a range of values to membership in a set
of numbers from 0,0 to 1,0. For example, if a customer need is "I have fun driving my car," it can be
represented in a range of values from "boring" to "exciting" as shown in Table 8. This shows that a
boring car has a membership value of pporing(boring) = 1 and a value of pexciting(boring) = 0.

Table 8 — Different levels of fun and their associated fuzzy membership values

Level of fun (x) Mboring(X) Mexciting(X)
Borming +6 656
Nof worth mentioning 0,6 0,0
Moflerate 0,4 ((N
Impressive 0,2 0,6
Exditing 0,0 1,0

9.7}4 Crisp scores

Converting membership in a fuzzy set into a crisp number requires’ setting an absolut¢ reference
whilch can be graphed as shown in Figure 1. The fuzzy left functiofrepresents the degree of boring by
conpecting the coordinates (0,1) and (1,0) and the fuzzy right function represents the degred of exciting
by donnecting the coordinates (0,0) and (1,1). The membershipef boring to the absolute boring function
uL(boring) is the maximum value of the intersection betweén the fuzzy number boring andl the fuzzy
left|{function. Thus, pi(boring) = 0,5 is calculated by drawing a horizontal line from the irftersection.
In the same way, the membership value of boring to éXciting is the maximum value of the iptersection
between the fuzzy number boring to the fuzzy rightfunction pr(boring) = 0,66. Then, the cfispy score
ur qf the fuzzy number boring is calculated:

ug (boring) -y, (boring)h1 0,66-0,5+1

[Tes (boring)z 5 =0,58 (@8]
1 boring  exciting
fuzsy left
0,8
0,6
= 06le0s
=
0,4
fum
0,2 s

0 o 0,2 0,4 0,6 0,8 1

Figure 1 — Converting fuzzy numbers into crisp scores

Once all the fuzzy numbers have been converted to crispy numbers, a multi-attribute decision making
technique can be applied. In this way, the crisp scores for "fun to drive" from boring to exciting are
calculated as 0,04, 0,33, 0,58, 0,66, and 0,96 for boring, not worth mentioning, moderate, impressive,
and exciting respectively.

9.7.5 Customer preferences by benchmarking competition

In the weighted quality planning table described in ISO 16355-4:2017, 12.2 these crisp scores can be
used to benchmark competitive or alternative products.
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9.7.6 Failure mode and effects analysis using fuzzy multiple-objective decision models

When cost and schedule constraints make it impossible to test all raw materials and manufacturing
processes for quality and reliability, these can be prioritized according to their impact on functional
requirements and quality characteristics using methods such as failure mode effects analysis (FMEA)
which is detailed in ISO 16355-5:2017, 10.4.5.8 and ISO/TR 16355-8:2017, 9.8 and 13.4. In addition
to identifying what is critical to quality is the need to minimize technical difficulties which can be
vague and subjective during the design phase. Fuzzy multiple-objective decisions models have been
used to establish fuzzy relationships in the functional requirements failure modes matrix detailed in
ISO 16355-5:2017, 10.4.5.6[11].

9.8 Market position analysis

9.8.1 Gejneral

Quantitatiye information regarding competitors' positions in the market are used tqéib
NO

trending c
9.8.2 Ty

9.8.2.1 K

Competing

9.8.2.2 1
Competing
with new L

EXAMPLE
the federal 4
towards br
differentiat
the more fo
are convene
they are abl
Four strate
communica

pes of market positioning

fead-to-head positioning

)ifferentiation positioning

w current
anges in their advantages in market space.

O

&
®)

<

with the same product attributes in the same target IIQ@G S.
N
QO
%)
| S o
in a smaller or more focused market niche $a is less competitive. This can also be y
anchester strategy for the weak, which is&k@cribed in ISO 16355-2:2017,9.1.2.6.

in potential changes in health care insurance polici
nd state level in the U.S. Based on prop egislation, they examine which competitors are tren
ad (head-to-head) or narrow (diffe ation) market focus, and low cost leadership of higher
on policies. They see their current@psition as trying to be in the middle, which carries the risk

Florida Blue (BCBSF) is examining tre

ture market position. Using the analytic hierarchy process (A
e to organize their debatm opposing positions, and reach consensus despite dissonant opini
ries are prioritized as &){ in Table 9 and a clear winning strategy identified that could be clg
fed to the entire org%no ion[3Z],

N\

— Market position analysis for healthcare insurer

Advantage

Target scope

Low cost Product uniqueness

Costleadership strategy | Differentiation strategy
Broad

16

(industry wide) |

Competitor U Competitor A
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(market segment) Focus strategy

Focus strategy (low cost) (differntiation)
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9.9.1 General
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A cross tabulation is a method of presenting and relating data having two or more variables. This is a
more objective approach than subjective estimates of market size and segments[12]. Cross tabulations
can be used to pair specific customer demographic attributes such as age, sex, income, and others to
better understand which customer segments are to be investigated more thoroughly in the customer
segments table during new product development or in sales and marketing efforts at product launch.
Customer segments table and gemba investigation methods are described in ISO 16355-2:2017, 9.2.2.

Salgsamdmarketinmgeffortsare described iSO/ TR 16355-8:2017 €lause 15:

9.9)2 Types of cross tabulations

9.9)2.1 Raw data
Thd

9.9{2.2 Row percentages

actual counts or responses to the specific questions asked.

Angwers expressed as percentages and displayed horizontally, as shown in Table 10.

Table 10 — Cross tabulation by ¥ow percentage

Frdquency of Use by Age Range

(rayv data) (row percentages)

Ag¢ of Age of

he;{d of Once a 2o0r3 Once a head of Once a 2or3 Onceja
household weekor timesa month er household weekor timesa month

(yelars) more month less Total (years) more month orle§s Total
24 orless 144 52 19 215 24 or less 67,0 % 24,2 % 8,89 100 %
25139 46 58 29 133 25-39 34,6 % 43,6% 21,8% 100%
40 pr older 82 69 87 238 40 or older 34,5 % 290% 36,6% 100%
Totpl 272 179 135 586 Total 46,4 % 30,5% 23,09 100%
9.912.3 Column,pe€rcentages
Andwers expressed as percentages and displayed vertically, as shown in Table 11.

Table 11 — Cross tabulation by column percentage

Frdquency of Use by Age Range

(raw data) (column percentages)

Age of Age of

head of Oncea 2o0or3 Oncea head of Once a 2o0r3 Once a
household weekor timesa month household weekor timesa month

(years) more month orless Total (years) more month orless Total
24 or less 144 52 19 215 24 or less 52,9 % 29,1 % 14,1 % 36,7 %
25-39 46 58 29 133 25-39 169% 324% 21,5% 22,7%
40 or older 82 69 87 238 40 or older 30,1 % 38,5% 644% 40,6%
Total 272 179 135 586 Total 100,0% 100,0% 100,0% 100,0 %
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9.9.2.4 Grand total percentages

Answers in each cell expressed as percentages of the grand total, as shown in Table 12.

Table 12 — Cross tabulation by grand total percentage

Frequency of Use by Age Range

(raw data) (grand total percentages)

Age of Age of

head of Oncea 2or3 Oncea head of Once a 2or3 Oncea

household| week or timesa month household weekor timesa month

(years) more month orless Total (years) more month orless Total

24 or less 144 52 19 215 24 or less 24,6 % 8,9 % 3,2 % 36,7 %
25-39 46 58 29 133 25-39 7,8 % 9,9 % 49.% 22,7 %
40 or older 82 69 87 238 40 orolder 14,0 % 11,8% (14,8 % 40,6 %
Total 272 179 135 586 Total 46,4 % 30,5% 23,0% 100,0 (%
9.9.3 Usps of cross tabulations

Cross tabujations can be easily displayed in graphical presentationsfof more efficient communicafion
to management. The choice of horizontal, vertical, or grand total tdbulations make it easy to select{the
format that best corresponds to the attributes being analyzed. Customer segments can be prioritized
based on the tabulations. Customer segment prioritization is described in ISO 16355-2:2017, 9.2.3.
NOTE1 Results can be misleading if based on too small a sample size of the subject population. Sample [size
calculation |s described in ISO 16355-4:2017, 11.5.

NOTE 2 A large number of attributes can create very large tables. For example, all possible pairs fof 50

questions c}

q

J

NOTE 3

9.10 Mulf

9.10.1 Ge|

This statis

eate 1 225 cross tabulations.

ince only two or three variables cap-be tabulated at a time, some relationships might be hidden.
ridimensional scaling (MDS)

neral

e products as.points in multidimensional space. MDS uses these terms[12],

whjch-measures a lack of fit where a higher stress indicates a poorer fit.

rity judgments, where products or brands are rated in terms of similarities or difference$

fical technique spatially presents customer perception and preference in a visual mappirlg of

P«

re.PR2), which represents the proportion of variance in data explained by the MDS techni

Jue.

competitiv
a) Simila
b) Stress
c) R-squg
d)

differe
e) Coordi
f)

nces in competing products and brands.

nates on the spatial map, used to position the competing products.

spatial map.

9.10.2 Conducting the MDS study

1) Formu

18

late the problem in terms of how many variables to compare.

Spatial map, which is a multi-point geometric characterization of perceived similarities or

Unfolding, which is a juxtaposition of products or brands and market segments in the same
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2)

3)

4)

5)

6)

9.1

9.1

Too
bra

ISO 16355-3:2019(E)

Obtain input data. Input data includes direct (judgments) and derived (product attribute ratings
using a sematic differential scale as described in ISO 16355-5:2017, 8.9.2) of perceptions and

preferences.

Run MDS program on the input data. This is found in most commercial statistical packages. There

are different types of MDS for different problems, but the classical approach is to us
coordinates analysis (PCoA) which calculates the distance between products as:

=) i)'

e principal

(2)

Decide number of dimensions. The more dimensions, the lower the stress and better t
makes it more difficult to interpret the results.

Label the dimensions and interpret the map. The software will produce-a 2-d
representation of the products with those closest to each other sharing‘the most s
Perceptual mapping helps interpret the correspondence of the dimensions:

Assess reliability and validity. The R-square is computed by the seftware and a valy
minimally acceptable.

).3 Case study on toothpaste

D.3.1 General

thpaste consumers are presented with advertisements claiming multiple benefits frq
hds such as freshens breath, fights cavities, remo¥es stains, whitens teeth, and others. M

valyiable technique when developing a new product in a crowded market.

9.1

Cus
sho
cus
wit

NOT
quid

).3.2 Obtain input data

tomers are asked to pairwise rate-the similarities between ten different toothpaste
ivn in Table 13. The 1 - 7 ratings indicate a degree of similarity in the brands as perce
fomer. The higher the number; the greater the similarity. Brands are identified and not
n themselves.

E As with any pairwise comparisons, the number of pairs that the respondent is presq
Kkly. The number of quéstion pairs is calculated as (n2-n)/2. Ways to reduce the number of pairs aj

in the analytic hierarchyprocess (AHP) technique in ISO 16355-4:2017, 11.6.

©IS

Table 13 — MDS similarity ratings grid

e fit, but it

imensional
imilarities.

e of 0,6 is

m various
DS can be a

brands, as
ved by the
compared

nted grows
e described

Similarity ratings of toothpaste brands
A B C D E F G H 1 ]

A

B 5

C 6 7

D[4 6 6

E 2 3 4 5

F 3 3 4 4 5

G 2 2 2 3 5 5

H | 2 2 2 2 6 5

I 2 2 2 2 6 6 6

J 1 2 4 2 4 3 4 3

02019 - All rights reserved
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9.10.3.3 Create spatial map and label the dimensions

By examining the closeness of competing brands and their claims, ideal vectors can be drawn to label
the customer perceived dimensions and where there is space to introduce a new brand. In Figure 2,
opportunities for greater teeth whitening are possible.

2,0
1,5
1,0

0c

D fights cavities

/

R
=

9.11 Net

9.11.1 Ge|

Net promd
customer {
a score on
difference
detractors
future bug
process, it

9.11.2 NP

The NPS sy
the produc
selected th

9.11.3 NP

oo

0,0
-0,5
-1,0
-1,5
-2,0

—

whitens teeth

cleans stains

-20 -15 -10 -05 00 05 10 1,5 20

Figure 2 — MDS spatial map with labeled dimensions

promoter score (NPS)

neral

ter score®l) is a method to measure cust@émer loyalty as the likelihood that a satis
vould recommend a product or service to afriend or relative. Customers express this as I
h 0 - 10 scale as well as by giving reasoriswhy they selected such a score. The NPS score i
between the percentage of promoters,{those responding with a 9 or 10) and the percentag
(those responding with a 0 - 6).Passives are those who respond 7 - 8. Essentially, it pred
iness[13]. NPS is typically used to score companies and brand strength, but in the
has been modified to analyze\product attributes, as well[14].

S survey

rvey is simple in-that it asks the customer one question - how likely are they to recomm
t to a friend oxTelative. Then, it asks the customer to comment in their own words why {
at score.

S survey-results

fied
oth
the
e of
icts
DFD

end
hey

he-NPS survey responses are on a 0 - 10 scale. They are classified as follows.

don't know if I would recommend or not.

9.11.3.1 T

a) 0-1,1would surely not recommend.
b) 2 -3,1would rather not recommend.
c) 4-6,1

d) 7 -8,1would probably recommend.

e) 9-10, [ would absolutely recommend.
1)

NPS is a trademark of Fred Reichheld, Bain & Company and Satmetrix. This information is given for the

convenience of the users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

20
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9.11.3.2 Calculating the NPS score
The calculation of the NPS score is as follows.

Net promoter score = % promoters - % detractors

9.11.3.3 Interpreting the NPS score
The NPS score is interpreted as follows.

a) Positive % value means everything is fine. For example, NPS of 40 % means that there are 40 %
more promoters than detractors.

b) [0 % value means there are an equal number of promoters as detractors. Something is nqt right.

c) |Negative % value means there are fewer promoters than detractors. This requires an[immediate
and focused response.

NOTE In all cases, the company can strive to convert detractors into passives, and convert gassives into
promoters.

d) |Free responses are used as customer narratives and added ¢ovthe customer voice table to be
translated into customer needs. The customer voice table is, déscribed in ISO 16355-4:2(017, 9.2.4.

9.12 Neural networks (NN)

9.12.1 General

A neural network uses computer-based learning teidiscover patterns between input and output data. In
ordpr to determine an overall satisfaction level,‘data is collected through two groups of surveys:

1) |first, to discover the patterns and train‘the neural network;
2) |second, to test how well the neuralnetwork has learned the patterns.

As ¢ach training survey is processed, the test survey adjusts the network to be closer to the correct
response.

9.12.2 Preparing the supveys
NN surveys pose litéral' responses to why customers purchase a product. A common set of responses are:
a) |definitely weuld purchase;
b) |probablywould purchase;

c) |might or might not purchase;

d) probably would not purchase;
e) definitely would not purchase.

By assigning specific numerical values to the above responses, sensitivity analysis can be performed.
Though ordinal 1 - 5 responses have been used, values with equal ratios between the levels are more
precisell5]. These are described in ISO 16355-4:2017, 11.1. The number of survey questions is typically
50 - 80 customer needs, configured into three levels using affinity diagram and hierarchy diagram
described in ISO 16355-4:2017, 10.2 and 10.3 respectively. As this is an opinion survey, 200 respondents
for training the NN and another 200 for testing the NN are recommended. This number of input
questions and respondents produces a large number of networks which are narrowed to 10 - 12 such
that 80 % exhibit consistency between individual inputs and outputs.
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9.12.3 Interpreting the NN output

Neural network software is used to identify and test the patterns of customer needs and satisfaction
level responses.

EXAMPLE A Department of Motor Vehicles (DMV) used NN to improve their customer service. Among the
customer needs tested are the following.

a) Employees are courteous.

b) Employees are knowledgeable.

c¢) My timgp isrespected.

d) Employees are concerned for me.

e) Forms fire easy for me to complete.

f) I can cqmplete my business in one visit.

The NN oufputs helped the DMV understand the impact of each need on overall.customer satisfactfion,
as shown in Figure 3. The Y-axis identifies the current level of satisfaction with each customer need.
The X-axisfidentifies impact of improving each customer need on overall satisfaction.

EXAMPLE 7 % of the customers are satisfied with the DMV employees réspecting their time. The impaft of
improving this is 0,84. Thus, a 10 % improvement in respecting their time would resultin a 10 % x 0,84 = 8[4 %
improvement in customer satisfaction.

ST 75%
2L o
25 60%
= aEa X Employees are knowledgable
(]
g % 45 % |X Employees are courteous
S E 30 % X Employeesare concerned for me
73]
g8 0 X Forms are €asy for me to complete
o = 15 %
S ©
= 0% X I can complete. my business in one visit X My time is respected

01 0203 04 05 06 07 08 09
Impactof customer need on overall satisfaction

Figure 3 —Impact of customer needs on overall customer satisfaction

9.12.4 Usjng the NN output in a QFD study

The NN repults help the QFD create a solution strategy by focusing efforts on those needs that will
yield the hiighést impact in overall satisfaction. The maximum results are achieved when the curfent
satisfaction level is low and the impact is high.

EXAMPLE The DMV investigated improvements in respecting customer time by reducing wait times for
common transactions through customers inputting much of the required information online and informing
process status to customers on more complex transactions.

9.13 Quantification methods (QM)

9.13.1 General
The quantification methods were developed by Chikio Hayashi to quantify category data and are

used in evaluating questionnaire results[16l. Four different methods have been defined according to
the type of target variable and respondent variable. There are two major types - target variables (also
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called dependent variables, y variables, response variables) and explanatory variables (also called
independent variables, x variables, regressors). The target variable is usually the outcome of some
observation or event, and the explanatory variables attempt to explain the variance among outcomes.
When there are three or more variables, we can use multivariate analysis to look at these relationships
at the same time. Sometimes we can find a direct causal relationship between variables and sometimes
we can find that two variables do not have a causal relationship but correlate with a third variable, and
we need to study its influence in order to explain and predict other similar scenarios.

Each of these variables can be either numerical (interval scale or ratio scale) or category (nominal scale
or ordinal scale). We sometimes find “near-ordinal” nominal scales and “near-interval” ordinal scales,

as

vell. Table 14 suggests different statistical methods depending on the type of variable

s. QM III is

mof

t widely used in QFDI1Z],

Table 14 — Quantification methods and uses

Type of Respondent Variable

Target Variable? Statistical Method
Target Explanatory
Numerical Category Quantification Method I
Yes Numerical Numerical Multiple Regression
(tp explain cause & effect) Category Category Quantification Method II
Category Numerical Discriminant Analysis
Quantification Method II
No — Category -
, Correspondence Analysis
(data reduction, Princiole C Andlvei
theory-generation) o Qumerical rinciple Component Anglysis

Factor Analysis

9.1

In a

typ
one|

affi

9.1

Su
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B.2 Quantification method III (QM III)

8.3 Applying QM III to.a)2-dimensional QFD matrix

QFD house of quality, when there is.a need to reduce a large number of customer needs
b variables) to a more manageable'set, QM III can be applied to determine which one-
-to-many corresponding items can be temporarily excluded. This can also reduce the ti
hity diagram and hierarchy diagram analysis, described in ISO 16355-4:2017, 10.2 and 1

ose that there arétwo dimensions, X and Y, each of which has three items, X;, Y; (i, j = 1,

houlse of quality, thé-Xs would be customer needs and the Ys would be functional requirem
X;s and Yjs are respectively related to scores x; and y;. This step signifies the quantification. T
the|data showmnyin Table 15. The O symbols denote a correspondence between the X and Y it
synjbols cartbe'replaced with pairs of scores and their frequency as input data, as shown in ]

Table 15 — QM III data table

(category-

to-one and
e spent on
3.

D, 3). In the

pnts. Items

hen we get
ems. The O
able 16[18].

Y Item

Y1

Y2

Xitem

score

y1

y2

X1

X1

0

X2

X2

0

X3

x3
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Averages

Table 16 — QM III input data

Y Item Y1 Y2 Y3
Xitem score V1 V2 V3 freq.
X X1 (x1,y1) 1
X2 X2 (x2,y1) (x2,y3) 2
X3 X3 (x3,y2) | (x3,y3) 2
freq. 2 1 2 5

scares are assumed to be zero:

(x1 +2

Variances :

(w12 +

2
(ZJ’1
Then, the g
p =(X1

QM III def
Formulas

(3/4)

(1/4)

where A = g.

[ 42

2
-2

X2 +2X3)/5:0,

ire assumed to be unity:

D2 +2x32)/5:1.

+2y32)/5=1.

+(1/4)
(1/2)-2% +1/(2+2)

+1/(22) +(y2)=27 |

orrelation coefficient p is given by

Y1 tX3Y1+X3)3+X3Y) +X3)3 )/5

2y,
Yo, |=0

\/§y3

(3)

(4)

(5)

(6)

(7)

ermines scores so that Formula (7) has the maximum value under the restrictiop of
3), (4), (5) and (6). Then, we get the following formula:

(8)
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This can be solved with respect to A2 as follows:

:2019(E)

16(/12)3 —28(/12)2 +13(12)—1=[(/12)—1}[16(12)—12(12)+1}=0. 9)
Then, we have following three solutions with respect to A2:
2% =1,
2% =(3+5)/8 (10)
~0,65451;0,09549.
QM|III excludes scores with respect to A2 = 1 because their component values are all same, that is,

Y13

Thd

Fin

resj
can

[(528) 8] ) (520
[(15-8) 8]z () (242)0
() (28) (1) ] ).

se formulas yield the following scores of Y items,

yi~ 1,14412, 0,43702

yo= —1,41421, 1,41421

y3~ —0,43702, -1,14412

hlly, we can obtain scores of X items from Foriitulas (10) as follows:

x1~ 1,41421, 1,41421

x,~ 0,43702, -1,14412

x3~ —1,14412, 0,43702

obtain the two-dimensional table as shown in Table 17 by sorting each items of Tal

bect to the 2nd eigenvalue, These can be visually displayed as a scatter diagram as in Figu

y2 =y3 =1/V/5 in this case. Substituting the second and the third values of A2 into Forhla (§), we have:

(11)

(12)

(13)

le 15 with
re 4 which

nlue

be used to structure theX and Y items.
Table 17 — Two-dimensional table sorted by scores belonging to the 2nd eigenv|
Y Item Y2 Y3 Y1
Xitem score -1,4142 | -0,4590 | 1,144 1
X3 -1,144 1 0 0
X2 0,437 0 0 0]
XT 41442 S

© IS0 2019 - All rights reserved
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7
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=
=
& -1,0
S Y3 X ® x;

-1,5

scores with respect to 2nd eigenvalue
Figure 4 — QM III values scatter diagram
EXAMPLE A Japanese regional tourist board wantsto improve information available to sightseping

visitors. Their initial analysis includes a large number of customer needs while sightseeing and a large number
of informatjon content, having both one-to-one and one-to-many correspondences, as shown in Table 18. These
are further|detailed into information related to GPS location, contact information, price, and other typds of
information]. For generally encountered scenarios, scatter diagrams of eigenvectors are created to show which
information is most useful. Further analysis with'scatter diagrams as shown in Figure 5 allowed the tourist bgard
to identify ynusual scenarios, such as healthrand other problems, and develop information for that as well[19],

Table 18 — Correspondence’table of tourist scenarios and information requirements

No. Customer need-and scenario Information contents Correspondence
| |l wantto gofotot spring The closest hot spring 1
b | want te.go to hot spring The quality of hot spring 1
B | [ waiit to have a meal Restaurant catering to families 1
t |I Wwant to have delicious food Restaurant with local food 1
b CH want to stop my car Parking place 1
836 |l want to enjoy hot spring Massage info 1
837 |l want to enjoy hot spring Beauty-treatment clinic info 1
838 |l want to decide one day schedule |Transportation time 1
839 |l want to decide one day schedule |Word-of-mouth info 1
840 |I want to decide one day schedule |Average time needed for visit 1
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A Regression analysis

1.1 General

formance grows rapidly[20].
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E o
E My camera \machine?) J I want to take
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Figure 5 — QM III scatter diagram for-tourism

High

Eval

on

High cost

ression analysis is a statistical method used:to predict scores on one variable base
‘elation with scores on another variable. Regression works by fitting a set of data pointg

d on their
to a curve

minimizing the distance from the points to the curve. It also estimates the uncerta
e, probable slope and y-intercept, and outside influences such as other product characferistics or
fomer irrationality. This is importafnbin QFD studies when the product development tea
rget performance level for a product characteristic or requirement and there are gxponential
Is of cost compared to more linear levels of subjective customer satisfaction scores.
his in automobiles is maxitim speed as illustrated in Figure 6 where the customer ¢valuations
erformance level off tg"the point they are no longer perceivable but the cost to ach

inty of the
is setting
n example

eve higher

Customer evaluation

Low

Cost

0 cost

Low

High

Product cost increase

Figure 6 — Subjective evaluation of car speed vs cost increase
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gression analysis in QFD

Either the maximum value table (ISO 16355-5:2017, 9.2) or the customer needs - functional
requirements matrix (house of quality) (ISO 16355-5:2017, 9.3.6) can supply the regression variables.

The variab

les in QFD to be regressed are the following.

The dependent y variable is the degree of satisfaction for each product-independent customer

need, as defined in ISO 16355-1:2015, 3.3 and ISO 16355-4:2017, 9.1.3.3. The degree of customer
satisfaction with the current, competitive, and proposed new product is measured on a 1-10 scale,
using the mean value of customer responses.

dependent x variables are the technology independent runctional requirements, as det
16355-1:2015, 3.4 and ISO 16355-5:2017, 9.3.6.2.2. The maximum value table will have
yariables, but If the house of quality includes a large of variables, use the onescwhere

relatiopship is extremely strong and very strong, as described in ISO 16355-5:2017, 10,271. Va

a)

b) The in|
in ISO
a few
can be

NOTE 1 I

NOTE 2 ]

first use on
products to

9.14.3 Re|

9.14.3.1 1

actual performance values or a rating.
If the data between the y and x seem random, consider eliminating the x functiofial-requirement.
'he statistical significance of a QFD model can evolve over successive generations of the product. Fo

h new product, as few as seven data points can be sufficient. With more vatiables or more compet
compare, the sample size increases. For calculating sample size, see ISO<16355-4:2017, 11.5.

pression data

nput data

The customer assessment of current (1 and 2), competitive (A, B, C1, C2), and proposed prodt

relative to
competitiv
statistical

9.14.3.2 (

The regres

heed 1, as well as the actual performance of fuiictional requirements x1 and x3 of the curr

software application.

utput data

Sion statistics are outputtedsas-shown in Table 20.

Table 19 — Regression data

Customer need 1 Functional Functional
satisfaction level requirement requirement
1) performance performance
Y level (x1) level (x3)

Jompetitot G2 4,7 556 2,5
Jompetitor C3 5,5 556 2,2
Jompetitor B 5,6 554 2,15
OIMpEtitor & 6,7 582 T8
Current product 1 6,7 566 1,9
Current product 2 7,8 575 1,65
Proposed product 89 604 1,4

ed
nly
the
ues

the
tive

Icts
ent,

e, and proposed products are measured, assshown in Table 19. The values are entered infto a
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Table 20 — Regression statistics

ISO 16355-3:2019(E)

Regression statistics

Multiple R 0,99

R-square 0,97

Adjusted R-square 0,96

Standard Error 0,28

Obgervations 7

Analysis of variance df Sum of squares Mean square F SignificahceF

Regression 2 12,24 6,12 76,32 0,00

Redidual 4 0,32 0,08

Totpl 6 12,56

Coefficients Standard error  tstatistic ,P<value Lower95% Upper 95 %

Int¢rcept 7,81 9,39 0,83 0,44 -18,17 33,79

Furctional requirement x1 0,01 0,01 0,67 0,53 -0,03 0,05

Furctional requirement x3 -3,43 0,70 491 0,00 -5,38 -1,49

9.14.3.3 Interpreting the output

1) |The F value of 76,32 and the significance of 0,00 indicate the model is statistically signifjcant.

2) |The adjusted R-square value indicates that 96 % of the value of y1's assessment can be predicted by
the performance levels of functional requirements x1 and x3.

3) |The t statistic with an absolute-alue of >3 indicates the certainty of the fit of the sloge. The low
value for x1 of 0,67 suggests additional analysis, such as adding or removing other|functional
requirements x in the analysis, looking for interactions between the functional requirements, and
testing for non-linear assuniptions.

NOTE Defining functignal requirements to be technology independent helps avoid interactions.

9.14.3.4 Using the regression output in the QFD study

When using regression analysis to test the correlations between customer perceptions pof current,

conjpeting,.and proposed products, a poor statistical fit can suggest the following.

a) |Customer perceptions are driven by unknown product characteristics.

b) TIIU iuﬂucm,c Uf ddVEl Libillg HIES54g TS5 Ul ‘Ul dlld SLI Ellngl.

c) All competing products fall within the same perceptible range and the customer need will not be
differentiating enough, as long as it meets some minimal degree of satisfaction. In other words,
more is no longer "better" in the customer's point of view. This can also be tested using the new

Kano model described in ISO 16355-5:2017, 10.3.4.4.3.

d) Uncontrollable factors or "noise" such as the environment or experience of the user. Noise factors

The

are described in ISO 16336 and ISO/TS 16355-6.

regression statistics can also be substituted in the house of quality.

a) The relationship weights and symbols can be replaced with the y = f(x) transfer function.

© IS0 2019 - All rights reserved
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b) The adjusted R-square value can replace the current, competitor, and plan values in the quality

planning table (ISO 16355-4:2017, 12.2).

c) The transfer function can be used to calculate the target performance values in the design planning

table (ISO 16355-5:2017, 10.3.4.1).

NOTE The use of regression analysis to augment the QFD study increases the time, effort, and the need

for accurate data collection and assessment. As QFD studies are updated in future product generations,
importance of this augmentation grows.

9.15 Repertory grid technique

the

9.15.1 Gejneral

The role cgnstruct repertory grid technique was developed in the 1950s by George A. Kelley, based on

his theory |of personal constructs, a psychotherapy and diagnosis tool used to understand how pe
distinguisl} between known and new people and objects in their environment. It Higs evolved fro
clinical thgrapy to broader applications in environmental studies, education, healthcare, business,

bple
m a
and

quality mapagement[36],

9.15.2 Thie repertory grid technique process

a)

b)

30

Identifly items (objects) in the target customer's personal ehvironment from which product
charadteristics will be determined.

NOTE Prioritizing customers and applications is described in 1SO 16355-2:2017, 9.2.2.2 and 9.2.3.

NOTE The sample size of the number of subjects is determined according to margin of error tolerpble
and conpfidence level desired. This is described in ISO 16355-4:2017, 11.5.

EXAMHLE A group of college students between, 19 - 28 years old (70 % male, 30 % female) at a Gernan
univerdity are selected in a study of smartphones. This demographic of education, age, and sex approximated
the actpal smartphone owners.

Organjze an interview in which target’customers (subjects) are presented with three prodluct
charagteristics (called a triad) to be'grouped as two similar and one dissimilar (called the contfast
pole) and to describe the important characteristic that delimits them.

NOTE1 To reduce the number of objects shown, a subset can be used. The subset can be selected by the
target ¢ustomer, thus assuming that with enough subjects responding, all possible triads can be evaluatpd.

NOTEZ4 Working objects can be replaced with mock-ups and specification sheets. This is useful in pew
produck developmentiwhen working models of new technology are not available for testing.

EXAMHLE Ten smartphones from among the top 50 are selected. To remove color and price from the
decisiop, they,.are all black in color and price is not given. Subjects are asked to select and examine|five
of then} using the triad technique and to explain the important delimiting characteristic. According tq the
intervi[zw the desired characteristic is determined and a polar opposite adjective is selected to credte a
survey. For example, square corners (undesired) vs round corners (desired), complicated to use (undesired)
vs easy to use (desired), heavy weight (undesired) vs light weight (desired), and others organized into 24
construct pairs.

Present target customers with products in a simulated purchase decision and have them score using
a multi-level rating scale. Average scores for all objects against all characteristics or constructs by
all customers.

NOTE Scoring can be done by customers (subjects) examining all the objects, not just the subset.

EXAMPLE In the smartphone study, the scoring is based on a count of the number of entries of a
construct pair for each phone by a single customer. For example, round is entered 16 times, easy to use
12 times, light weight 9 times. The number of entries for all phones for all constructs are then averaged for
all customers, as shown in Table 21.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=611abee775704e8041e3d498d77b45bd

ISO 16355-3:2019(E)

Table 21 — Repertory grid for smartphone (partial)

Smartphone model

L7

S10 | L1 | N75 | HD | S2 | B80 | HTP | N70 | Al4 |undesired characteristic desired characteristic

1,8 1,2 59| 51| 58| 2,1| 54 1,3| 6,3| 3,8|square corners round corners

4,7 3,5/ 43| 5,0/ 50| 3,6/ 5,5 44| 4,8| 5,1|complicated to use

easy to use

2,7 2,5| 60| 57| 50| 28/ 64| 40| 64| 49|heavyweight 1

ight weight

d)

9.1

9.1

Tex
onli
and|

6 Text analytics and text mining

Benchmark products of repertory grid against actual sales figures. This helps explain
models are more popular among certain market segments.

NOTE These scores can also be used to understand sub-segments of the market.

EXAMPLE In the smartphone example, the frequency distributions for the tgp/'three mode]
by men are B80, Al4 and HD, and by women L7, B80 and HD.

b.1 General

[ analytics and text mining are used to extract more detailed.and defined information frox
ne reviews of products and services. The increasing.availability of such reviews in sd
other digital formats makes such mining difficult té;do with labor-intensive manual an3

an
de

stafistics, and computational linguistics are employed on large data sets of customer reviey

an

9.1
Tex
ind
clus

acc
the

iy

2)
3)

ytics unlocks hidden information and creates new,knowledge and opportunities for ng
lopers. To derived high quality information, information retrieval, data mining, machin

ytics steps used in QFD include text clustefing and text mining[22].

b.2 Text clustering

why some

s preferred

h customer
cial media
lyses. Text
bw product
e learning,
vs[21], Text

L clustering is used to categorize customer segments, and classify, filter, visualize, dociment, and
bx customer language. Different-algorithms are used to perform these tasks. K-medoid apd k-means
tering algorithms are used'to determine an optimal subset of documents by clust¢ring them

prding to similarity of keyitems derived through an iterative examination of the docu
following stepsl[23].

Preprocess freeform text according to word frequency using techniques such as term
(TF) or inverse document frequency (IDF).

Converttextto numeric data in a document-term matrix.

Determine number of clusters (k).

4)

ents, using

frequency

Define similarity method.

5)
6)
7)
8)

Normalize attributes.

Calculate similarities or distances.

Let d be the distance measure between instances. Select k random instances {s, Sp,... Sk} as seeds.

Until clustering converges or other stopping criterion:

For each instance x;

Assign x; to the cluster ¢j such that d(x; s;) is minimal.

(Update the seeds to the centroid of each cluster.)
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For each cluster Cj

sj = u(cj)- (14)
EXAMPLE User reviews for a diaper bag included both 1 - 5 review stars, descriptions of good product
characteristics such as stylish, lots of pockets, and bad characteristics such as poor quality, too small. Freeform
text included comments such as "I selected this bag because I thought it is kind of cute,” and "the front pockets
are small and flat," among the 232 user reviews examined. Text process software is used to calculate the TF-IDF
counts. The number of reviews using these words are incorporated into the QFD analysis to prioritize customer
needs such as I can fit many things, Easy to clean, and others as shown in Table 22 as well as product requirements
such as multipurpose pockets, size, and others.

Table 22 — Extracted customer needs for diaper bag

Number of reviews

Clysters Customer needs 0 20 40 60 80 100 120-140

2’5? 126’, 51' 97’ 291"1224 [ can fit many things

0,1,7,8,10,17, _

2123 Options to carry the bag

6,8 12,17,21 Easy to clean

3,11,13,14,16,17 |l want to keep things organized
9.16.3 Topic modelling
Topic modglling is used for exploring hidden patterns in collections of documents. The idea beljind
topic moddlling is to group similar documents within the same cluster. When considering the dyn1mic
nature and increasing size of customer reviews by time, product, or service providers, topic modelling
provides ajmechanism which periodically categorizes xeviews under topic groups and reduces the time
complexity of analysis of the VoC in a QFD study.
Topic modelling approaches such as Latent Dirichlet Allocation (LDA) treats each review (documgnt)
as a mixture of topics, and a topic as a distribution over a set of words[24]. By using special algorithms,
LDA turns|the association between the werds and documents into word-topic and topic-docu

associatior
highlight t
about cust]
associatior
considered

EXAMPLE
group them
text proces

under parti¢

of the two ¢
example, to

he main features for a specific topic. Topic-document associations indicate many th

s are used to determiine the representative documents for each topic. These documents
as the representative VoC for extracting customer needs[23].

More than.80,000 online customer reviews on Italian restaurants are analyzed by LDA in ord

bing software, the LDA procedure is implemented to extract topics in order to categorize rev
ular greups (topics), and generate representative samples for each topic. The topic-word matrix
utputs’of LDA application, presented the most frequent words in each topic in descending order]

ent
s separately. Word-topic a$sociation generates relative frequencies of the words WrIlCh

as topics. Aftet retrieving the freeform text data and converting it into an applicable format by ufi

ngs

pmers’ feeling good and Jooking good issues. Topic scores obtained from topic-docunfent

are

included sala

bic 0 mcluded such words as menu, item, optlon lunch, order, offer, try, time, soup and dlSh Topi

the concepts covered by the correspondlng toplc The second output of LDA, document—toplc matrix, helped
developers highlight the most representative documents (reviews) of topics for qualitative analysis. For example,
topic 0 and its representative reviews are used to extract customer needs such as [ want variety in the menu, my
food is to be served as it looks like on the menu, menu notes preservatives used in the food, and [ want to have
different drink options.

NOTE In QFD, customer needs are product-independent as described in ISO 16355-4:2017, 9.2. The above
example can be further refined as [ want to select a food according to my mood, I want to know how my food
looks before I order it, I want to make sure the food does not contain harmful additives, and I want to select
a drink that compliments my food. Menu variety, menu illustrations, food preservatives, and drink variety are
product attributes or functional requirements as described in ISO 16355-5:2017, 9.2. Product-independent
customer needs avoid problem of too many menu varieties that cause frustration, many menu varieties but none
are desirable, and others. Product-independent customer needs also promote innovation such as a menu-less
restaurant, design-your-own dishes, and others.
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10 Deployment to next stage

10.1 Customer needs related information

The quantitative assessments of the voice of the customer are combined with the non-quantitative

information described in ISO 16355-2, and then analyzed as described in ISO 16355-4.

10.2 Product related information

Quantitative assessments that produce information related to product, service, process,

priding, and other operational characteristics flow into downstream deployments as followd.

software,

a) |Functional requirements, functions, and performance information are describedinJSO [16355-5.

b) |Functional requirement parameters made robust due to user application conditions arg
in ISO 16336 and ISO/TS 16355-6.

described

c) |Product parameter tolerances made robust due to user application;” competitive pricing, or

manufacturing error are described in ISO 16337.

d) |Production, sales, distribution, support, and other commercialization information are described in

ISO/TR 16355-8.
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Annex A
(informative)

Using sampling surveys

A.1 General

Sampling surveys are used in several of the methods and tools in this document. These surveys-are 4
to collect ihformation about a population by using statistical and quantitative analyses of a'pertio

sample of
and cost

at population. Generally, collecting information about a sample population is more effic
fective than collecting information about the full population. To assure¢the quality

validity of the information and the interpretation of the information, it is importantto_follow a rigot
process, ag described in this generic statistical business process model of the United"Nations Econgmic
Commissign for Europel26].

A.2 Met

A.2.1 Clg

Population|
population
data are tg
meantto g

q

NOTE 1
The numbe
sheep in Ne
N. The spec

EXAMPLE 1

EXAMPLE 2
For exampl
toll booth o
advance, alf]
a digital ph

NOTEZ2 1

A211 S

hods used in sampling surveys

rification of the target population

of interest in the research project to which inférences are to be made. The ta
refers to the entire group of units (individual erobjects) for a survey to which the suf
be used to make inferences. It defines those units for which the findings of the survey|
bneralize.

urvey sampling concentrates solely on applications with a finite number of items in the popula
" of items could be very large (for example, hybrid automobiles in Europe, artefacts in a muse
v Zealand) but their number is finite;<Fhie number of items in the population is generally denote
fic value of N is not always known explicitly prior to conducting the survey.

The registry of citizens of‘a.country is an example of a finite population with a known size.

Although generally the population size N is known in advance, this situation need not be the g
e, the proportion of hybrid cars is of interest and observations could be taken at a checkpoint
I toll plaza). The number of cars that pass through the booth on a given day would not be know

to is taken of a‘'select number of these vehicles to determine if they are hybrid cars.

'his definition is a combination of ISO 3534-4:2014, 3.1.1 and 3.1.2 and ISO 20252:2012, 2.66.

ubpopulation

sed
h or
ient
and
ous

rget
vey
are

ion.
um,
d as

ase.

e.g.,
nin

hough the investigators would likely have a rough idea of the number from previous history. Perlaps

Well-defin

NOTE 1

tsubsetof thepoputation:

Sample surveys often have multiple objectives. Although the primary objective can concern the

population as a whole, it is possible that select subsets are also of interest. For the example, hybrid vehicles or
alternatively, sub-compact automobiles comprise subpopulations that can warrant particular interest. In some
situations, the actual size of the subpopulation is unknown (e.g., number of teen-aged children among tourists
visiting EuroDisney) and the interest can centre on estimating this value.

NOTE 2

34

This definition is taken from ISO 3534-4:2014, 3.1.3.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=611abee775704e8041e3d498d77b45bd

ISO 16355-3:2019(E)

A.2.1.2 Superpopulation
Expanded population that includes the population of interest.

NOTE1 For inferential or assessment purposes, it can prove useful to imagine that the population of interest
is embedded in a larger population having the base population as a special case. Such a theoretical construct
facilitates the development of optimal sampling designs and allows the calculation of sampling design properties.
The population of values can be treated as a random sample from a hypothetical superpopulation as opposed to
a set of fixed values from which random selection is used to constitute a sample. According to Reference [27],
the superpopulation concept can be given several interpretations. One of the interpretations is that the finite

population is actually drawn from a larger unlverse This is the superpopulatlon concept in 1ts purest form. The

EXA
refl

NOT

A.2

Thd
par

NO1
gen
elec
whd
cony

EXA
but

sa
Fr

EXA
unit]
inca

NOT

A.2
Par

NOT
con
can

o

MPLE

For a stable country (consistent political boundaries without immigration-or
a superpopulation could be the citizenry over the centuries. Thus, a decennial census infsuch a co

ect an individual observation from its population size at a specific time.

E 2 This definition is taken from ISO 3534-4:2014, 3.1.4.

1.3 Preparation of sampling frame (lists of the population)

sampling frame (or lists of the population) refers to the complete collection of all of the
[s into which a population is divided with their identificatiofx

E1 A sampling frame provides an explicit representation of the population of interest fo
brally consisting of a list. It is possible that the list can bedneomplete or contain some errors. For
toral register could contain individuals who have moved out of or into the voting district, contain
are deceased since the construction of the samplingdrame, could contain duplicate entries, or ¢
Ficted felons who are legally not entitled to vote and is to be expunged from the records.

MPLE1 Depending on the background informiation on the population, the sampling frame c3
pxplicit or, in the extreme case, highly complex. In a famous survey conducted in eastern India in ]

this heterogeneous material, a sampling frame was constructed and the study then proceeded.
MPLE 2 In a multi-stage sampling project, the first stage could use provinces as the prima
s. In the second stage, the sampling units could be counties. In the third stage, the sampling un
rporated towns.

E2  This definition iStaken from ISO 3534-4:2014, 3.1.25.

1.4 Cluster
L of a population divided into mutually exclusive groups related in a certain manner.

E1 _ For economies of sampling, it can be much more efficient to sample collections of sampliy
tituteclusters. Cluster sampling is useful when the frame of sampling units is not available. Clusf

alse be an 1ntegral part of multi- stage sampllng, where a f1rst level stage is glven by towns fc

'S in survey

bmigration),
untry could

individual

I the study,
example, an
individuals
ven contain

n be simple
940(28], the

ling frame is comprised of an enumeratiorrof the fields, a list of villages, and a set of maps in different areas.

'y sampling
its could be

g units that
er sampling
llowed by a

sta
leve

EXAMPLE

Is of the building. At the lowest level stage, all sampling units are examined.

e—with apat LlllCllL/ cotrdoniitm uuuuulso asthremexttevet uuou:r ard-tiren uuau_y opct,uu, f1d 0rs/stages/

In investigating medical insurance fraud (overpayment to the provider of medical services),
it is easier to obtain a sample of patients and then examine all of their submitted claims than to consider the
population of claims across many patients. Common examples of clusters include a household or residents in a
given building, agricultural fields in villages, patients of medical practitioners, and students in classes in a school.

NOTE 2  This definition is taken from ISO 3534-4:2014, 3.1.6.
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