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reword

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.
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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 are
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 satisfact

ion 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,

improved ¢ross-functional communication, systematic and traceable design decisions, efficient us
resources, [reduced rework, reduced time-to-market, lower life cycle cost, improved reputation) off
organizatipn among its customers or stakeholders.

The current ISO 16355 series describes methods and tools of QFD independent of industry becd

the princi
for all typ
partially d
measurabi
specific in
for design,
observed |

the emerging convergences in industries, suppliers, businesses and products cause a game chang

markets fo

Therefore,
at adapting
with respe
by the digi

The methd
neither exli
not require
current be

les of applying statistical methods for product and technology development are sim
es of products. However, when applying the standard for the development of fully
gitized products, specific characteristics of digital goods in product development (suc
ity, immateriality, etc.) should be taken into account. Digital goeds’/such as software
economies of scale and network effects and thus require specific’strategies and concg
development and marketing. Due to the progress of digitalization in almost any market,
henomena and measures gain relevance and importance in‘business and academia. Hg

I digital or digitized goods.

this document describes guidelines for developingdigitalized products and services. It g
the (QFD) process, its purpose, users, and tools’as they are described in the ISO 16355 se
ct to the specific characteristics of digitalized'products and services. All companies affe
fization of their products and services are intended users of this document.

ds and tools shown and described represent decades of improvements to QFD; the lis
austive nor exclusive. Users should consider the applicable methods and tools as suggesti
ments. As the other parts of theSO'16355 series, this document is descriptive and discu
bt practice; it is not prescriptive by requiring specific tools and methods.

4

e of

the

use
ilar
or

1 ds

are

pts

the
nce

e in

ims
ries
ted

tis
bNS,
Eses

Vi

© IS0 2023 - All rights rese

rved


https://standardsiso.com/api/?name=0d1e9750de99a5b47017ed1396032f01

INTERNATIONAL STANDARD

ISO 16355-7:2023(E)

Applications of statistical and related methods to new
technology and product development process —

Part 7:
Guidelines for developing digitalized products and services
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Use

Scope

current ISO 16355 series is written intentionally independent of industfy-because the
pplying statistical methods for product and technology development.are similar for 3
ducts. However, when applying the standard for the developmentof fully or partia
ducts in practice, specific characteristics of digital goods inCproduct developme
isurability, immateriality, economies of scale effects, etc.) are taken into account.

5 document gives guidelines for adapting the quality futiction deployment (QFD) p
pose, users, and tools as they are described in the ISOZ16355 series that consider thg
Facteristics for developing digitalized products and services. Table 1 illustrates the sc
ument by stating examples of the types of products the'standard focuses on.

rs of this document include all organization funetions necessary to assure customer s

lrltl

thod

principles
1l types of
digitized
(such as

rocess, its
se specific
ppe of this

htisfaction,

including business planning, marketing, sales;* research and development (R&D), epgineering,

infd
logi
org

2

Thd
con
und

ISO
pro

3

For

rmation technology (IT), manufacturing, procurement, quality, production, service, pac
stics, support, testing, regulatory, andcether 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 document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

16355-1, Applieation of statistical and related methods to new technology and product d|
ress — Part 12General principles and perspectives of quality function deployment (QFD)

Ternis and definitions

kaging and
nd system

Pir content
pplies. For
[s) applies.

evelopment

thepurposes of this document, the terms and definitions given in ISO 16355-1 apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1

digitalized products and services
works that incorporate components consisting of operable objects from digital information and

communica

tion technology

Note 1 to entry: In this document, the terms digital, digitized and digitalized are used synonymously. A digitalized
good is an intangible software enabled product or service that can be sold and distributed repeatedly online
without the need to replenish inventory. Digitalization may cause services to have a stronger product character.

Note 2 to entry: In this document, software product development means the development of digitalized products
and software parts of software-intensive products, i.e. systems or services.

Note 3 to e
entities are

Note 4 to en
smartphong

Note 5 to e
industries 1

Note 6 to en

called embedded software.

S etc.

ke financial, insurance, gaming, social software, or human services based on software support.

software-inkensive products.

Note 7 to ¢
document, 1

3.2
quality fu
QFD
managing

Note 1 to ¢

building, co

Note 2 to er
department]

ntry: When other parts of ISO 16355 series or ISO 9000 series standards are referenced in
ote they may not differentiate explicitly between products and sérvices.

nction deployment

pf all organizational functions and activities terassure product quality

ntry: The organization is responsible for product quality and strives for it via defining, tes
mmercializing, and supporting the product:

try: Literal definition is that the “quality function” is “deployed” to all other business functions
s who play a role in assuring quality-and customer satisfaction.

Note 3 to eftry: In most cases, the intefests of an organization are commercial, but there are exceptions,

sometimes

3.3

voice of cy

VOC
communic

Note 1 to enjtry: The-communications from the customer may be verbal, written, video, audio, animation, or o

form and m

een in open source-based products or in the public sector.

stomer

htions from-the customer, user, and others

hy be descriptive, behavioural, or ethnographic.

Note 2 to entry: Customer is defined in ISO 9000:2015,3.2.4

try: This document will generally use the term “software products” instead of explicitly referrin

htry: Software parts of software-intensive systems that are not marketed and priced as sepalrate
try: Software-intensive systems can be products from all industries such as automobiles, airpldnes,

htry: Software-intensive services, often delivered as cloud services, can alsp'be“products from all

gto

this

ing,

and

S is

ther

Note 3 to entry: For digitalized products and services, the voice may not come from the customer itself but from
data or other artefacts relevant for quality.

Note 4 to entry: Customers may be not only human but also digitalized actors (digital agents).

3.4
customer
potential b

need
enefit to a customer

Note 1 to entry: The benefit to a customer from having their problem solved, their opportunity enabled, their
image (self or to others) enhanced, or being advanced to a more desirable state.

Note 2 to entry: The benefit is positively stated.

© IS0 2023 - All rights reserved
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Note 3 to entry: The benefit describes a single issue.

Note 4 to entry: The benefit is independent of the product or service performance, functional requirements, non-
functional requirements, functions, features, or enabling technologies.

Note 5 to entry: A need may be explicit or latent.
Note 6 to entry: Customer is defined in ISO 9000:2015, 3.2.4.
Note 7 to entry: Requirements engineering for digitalized products and services defines customer needs

differently than ISO 16355-1. Requirements engineering in focusing on product requirements may not deal with
customer needs explicitly. Customer needs may be latent according to ISO 16355-1 which does not match the

defi
is c
whi

hition of requirements in ISO 9000 where needs must be stated explicitly. If the input to voieg
nsidered as customer needs in requirements engineering, the voice analysis yields statéd rg
Ch may be interpreted as customer requirements as the complement to product requiremen

reqirements engineering the term customer requirements may be used synonymously totustomer

Not

3.5

e 8 to entry: The term demanded quality is also used in software QFD projects.

funictional requirement

cha

Not
the
not

Not
Not

Not
diff
acti
tern

3.6
voi

VO§

con

Not
forn

Not

Not

Not

racteristic that a product or service is specified to possess

b 1 to entry: The characteristic may be an inherent performance of the product or service or arf
broduct or service may be able to accomplish. The manner in whiclthe product accomplishes the
nclude specific mechanisms or internal procedures as part ofthe’functional requirement.

e 2 to entry: Product is defined in ISO 9000:2015, 3.7.6.

e 3 to entry: Service is defined in ISO 9000:2015, 3.7+

pf customer
quirements
s. Hence in
needsl2],

action that
action does

e 4 to entry: Common methods for the specification of requirements for digital products and services

brentiate between functional and non-functienal requirements, whereas functional requirems
bns a product may accomplish and non-fungtional requirements the inherent performance of a y
s quality requirement, and quality characteristics are also used in software QFD projects.

re of stakeholder
b
munications from stakeholders

e 1 to entry: Communieations from stakeholders may be verbal, written, video, audio, animati
1 and may be descriptive, behavioural, or ethnographic.

e 2 to entry: Stakeholder is defined in ISO 9000:2015, 3.2.3.
P 3 to entfyy Stakeholders may be not only human but also digitalized decision-makers (digital ag

e 4 £o'entry: For digital goods, the stakeholder “solution developer” is particularly important

nts address
roduct. The

bn, or other

ents).

because the

pro1iuct is often created incrementally in close cooperation with the customer.

3.7

customer gemba
location where true customer information is found

Note 1 to entry: Gemba is a Japanese word meaning the place where the truth is discovered. In Six Sigma, this
usually refers to the shop floor where internal activities take place. In QFD for new product development, the
new product does not exist yet, so the gemba changes to where the customer's activities or encounters take place.

Note 2 to entry: The gemba may be not limited to physical location. For digitalized products, digitalized spaces
may exist where human actors directly may not explore (for example, cyberspace).

Note 3 to entry: Gemba visits help discover unknown or latent customer needs and requirements.

© IS0 2023 - All rights reserved
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3.8
hoshin kanri
method for management and deployment of strategic organizational policy

Note 1 to entry: English translations of the Japanese include policy management, policy deployment, management
by policy, and strategy deployment.

4 Basic concepts of developing digitalized products and services

4.1 General

This standprd describes guidelines for adapting the methods described in ISO 16355 series standqrds
that consider the specific characteristics for developing digitalized products and services. Séé Tablg 1.

Table 1 — Digitalized products and services in scope of this document

Degree of digitization
Physical Digitalized (hybrid) Digital
Degree of servizitation
Product Watch with mechanical Smart watch Watch App on smartphpne
movement or notebook
Hybrigd product il i i -
y p / Phone with contract Intermoda_l mobility Onlince b_ooklng (with
Hybr|d service services chipTAN)
. . Car ngvigation system Automatic download vfia
Service Car repair (updateperformed by car .
web services
garage)
|n0t focus of ISO 16355-7 | focus of ISO 16355-7

4.2 Characteristics of digitalized products and services and their development

4.2.1 Spgcific characteristics of digitalized products and services

Digital products and services have Specific characteristics that influence the applications of statistical
and related methods to new téehmology and the product development process.

a) digitall"voices" from«€ustomers and stakeholders;

b) availability of digital data from product usage;

c) easier productchanges during development;

d) easier product changes after delivery;

e) cloud based product functions;

f) high rate of change due to requirements uncertainty and technology dynamics.

4.2.2 Effects of specific characteristics of digitalized products and services on the development
process

These characteristics affect the development process of digitalized products and services.

a) agile development as widely used paradigm for developing software;

4 © IS0 2023 - All rights reserved
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NOTE

There is no one common agile development model, Typical methods in practice are scrum, extreme

programming (XP) or kanban. All models refer to certain core concepts going back to agile principles and

values of the Agile Manifestol3l.

b) iterative development process for digital functions;

c) incremental development process for digital functions;

d) non-deterministic development and production process;

e) negligible manufacturing cost;

f) [value co-creation through platform ecosystems.

4.2]13 Requirements change management in the development of digitalized products and
seryices

Reduirements change in every case and thus ways have to be found to deal efficiently with thepe changes.
Agility stands here for the ability to handle these changes efficiently, aimingata kind of balanfe between
strycturing and flexibility. According to ISO/IEC/IEEE 26515[4], it is “based on iterative dejelopment,
frequent inspection and adaptation, and incremental deliveries, in which requirements anf solutions
evolve through collaboration in cross-functional teams and through.continuous stakeholder| feedback.”
It represents a countermovement to traditional, sequential development models in respdnse to the
inceasing dynamics of change in requirements

4.3| Design guidelines for developing digitalized.products and services

4.311 General

Basgd on the characteristics and the effects onthe development process the following design guidelines

formn the framework for developing digitalized products and services with QFDI3II6],

4.3

Dev
tha
ear

4.3

Wh
exp
cus
cus

2 Iterative and incremental development for digital functions

elopment is in short time frames in which a set of features is developed, leading to a work
can be demonstrated to stakeholders in order to incorporate immediate and intensive
y product versions which,contributes to the constant growth of the digital good and its f]

3 Close collaboration, cooperation, and co-creation of customers’ and developers

le requirements engineers and product managers increasingly use data analytic
erience shows that it is important to spend a significant amount of time in direct ca
fomers to_gain a deep understanding of the context in which the product is being used
fomer.needs.

ng product

Jeedback to

unctions.

side

methods,
ntact with
and of the

Regular participation and engagement helps to keep abreast of issues and trends facipg existing
customers. DIrect contact with customers by personal, face-to-face communication not only supports
an analytical understanding of their problems but may also create empathy.

Collecting relevant customer data is only the first step to create insights. For digitalized products and
services, the voice may not come from the customer itself but from data or other artefacts relevant for
quality. Customers may be not only human but also digitalized actors (digital agents). Requirements
engineers and product managers need to feed this data into discussions with stakeholders and use it
for requirements analysis with QFD, as well as for business modelling.

Digitized products are often not monolithic products but the result of cooperation in platform
ecosystems. An ecosystem is a set of actors with varying degrees of multilateral, non-generic
complementarities that are not fully hierarchically controlled!Zl. For developing digitized products and
services, this means not only having to understand the voice of the customer, but also to include the
voices of additional complementary actors!(&l.
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4.3.4 Focus on essential activities and tasks

Not only is the focus on the highest priority customer needs and product requirements but also on
minimizing non-purposive work efforts within the development process. There should be constant
reflections at regular intervals within the development team to become even more efficient.

4.3.5 Consider all aspects of business value

While the focus in QFD as well as in agile development is on satisfying the customer through early and
continuous delivery of valuable software, all aspects of business value may be taken into account. This
means, for vqmp]n’ not nn]y high-rqfnﬂ functions butalso nln:ﬂify rnnlnirnmnnfc and ﬂncign constraints.
In general) the developers are open-minded towards all (even late) changes when delivering higher
value.

4.3.6 Suptainable and comprehensible procedure

Apply techniques and methods with comprehensible and reproducible sequence;of activities. Juch
techniqueqd and methods produce trustworthy results that are not regularly questioned or douljted
by the invglved stakeholders. Authentic and credible procedures and results.which lead to increaging
confidenceland trust concerning job performance are important to deliver.

4.3.7 Foster commitment and motivation

Sustained motivation maintained so that work proceeds. Technigues and methods that are fun tofuse
help the team stay motivated to apply them in the long term. Building development projects around these
motivated [ndividuals and giving them the support they needestablishes a common understandingpnd
commitmept between all stakeholders of the product to be«developed.

4.3.8 Uspg digital data analytics

By analysi;lg the performance statistics or usage data, the development team experiments With
different implementations of design and product concepts to focus on innovation and optimization
despite ungertainty.

Data analyfics methods are used to monitor online reports of market research agencies, blogs, and tijade
press for qustomer information, and/data analytics software retrieves information about customer
behaviour throughout the internet;

Data can also come from the.[potential) user side covering how they behave in certain situationg, or
how much|time they spend-on which tasks. Data gathering methods may include both direct conIact
and analytlics include customer observation, A/B testing, launching a beta version, and producing a
minimum Yyiable product (MVP) or a minimum merchandisable product (MMP) for evaluation.

NOTE /B testing is randomized testing of two or more versions are shown to different market segments to
assess impajct and'business metrics.

5 Basic concepts of QFD

5.1 Theory of QFD

ISO 16355-1:2021, 4.1 defines quality function deployment (QFD) as an "approach for ensuring quality
throughout, but not necessarily, at each stage of the product development process, starting with the
initial product concept. As a quality method, the aim is to assure that decisions regarding product
development have a defined and repeatable process, are based on factual information, have definable
and measureable targets, involve all relevant business departments, and focus first and best efforts
where they matter most to customers. QFD should begin upstream in the product development process
in order to assure that decisions are made in this way, as downstream rework can be costly in terms of
money and delays."

6 © IS0 2023 - All rights reserved
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5.2 Principles of QFD

QFD principles are to:

a) prioritize information to focus;

b) understand how to cause good quality;
c)

d) observe the customer’s situation;

listen to the voice of the customer;

e)
f)

capture information from other sources;

improve internal communications through the transformation of information

perspectives.

5.3

ISO
WOl
sho
acq
req

Spirit of QFD

16355-1 defines the underlying spirit of QFD as the commitment among all critical depg
k together for the benefit of the customer or stakeholder. A persenal connection to th
1ld be established. As a central principle, customer needs or tequirements should be
hired and understood adequately by all relevant stakeholders. It should be validated
1irements meet the needs of the customer or stakeholder.

6 [Integration of QFD and the development ofdigitalized products and se

6.1 QFD support for product developmentimethods in general

gration of QFD into new product development processes is both desirable and possible,
gration has been accomplished with othet product development methods such as Stage-(
duct development support methods-such as design for six sigma, design for lean sigma,
5 may be done at an enterprisedevel, business group level, project level, or technology
gration should be guided by a QFD expert familiar with these methods.

Inte
inte
pro
Thi
inte

QFIl

mal

is designed to link togetherthe various phases of product development such as strateg)
keting, competitiveness, systems, voice of customer, requirements analysis, concept de
mization, change management, reliability, cost, safety, security, privacy, quality, tes

NOTE 1

between

rtments to
P customer
known or
if product

rvices

Successful
fate™1) and
ind others.
level. This

, portfolio,
velopment,
fing, build,

port, logistics, training, and other product development phases. This linking assures that priorities

bd for their
process by

Conversely,

ve been effectively used in QFD. Other tool

DD U CVY d

NOT 2
hat ha

illustrate tools t

6.2 The fit between the design guidelines and QFD

re meant to

s might also be useful according to the project.

QFD and the development of digitalized products and services share a common spirit - a commitment
among all critical departments to work together for the benefit of the customer and stakeholder, and to
provide them the support they need to establish a common understanding between all stakeholders to
the product to be developed.

1) Stage-Gate™ is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Table 2 visualizes the fit of the QFD principles and spirit in Clause 5 and the design guidelines of
developing digitalized products and services in 4.3.

Table 2 — Fit between the design guidelines and QFD

| QFD principles and spirit (Clause 5) Design guidelines (4.2) |

prioritize information to focus

focus on essential doings

understand how to cause good quality

sustainable and comprehensible procedure

validatio

cap

ure information from other sources

consider all aspects of business ﬂlu e

]|isten to the voice of the customer

use digital data analy@io,

pbserve the customer's situation

information about customer beha@}/throughout
internet ™\

establish personal connection to the customer Close collaboration/c !ration of customers’ an(d

p
d;v&ers’ side

the

improvd

internal (and external) communications

Provide sustaiA@g‘notivating procedure of work

6.3 Flow

y of product development of digitalized produ@and services with QFD

The flow o

)
As in class]cal engineering, there are different produ&development approaches and flows in softw
ranging from the waterfall model o@ iterative and agile development. However,

ion
ated information.

n the QFD process for the planning of software products folloy
bt. al. (2000a)[2] supplemen y and combined with the software life cycle processes accordin

engineeri
employing

similar. Figure 1 adapts a sample flow of Q

q

J

NOTE 1
Herzwurm
ISO/IEC/IEK

NOTE 2
deployment]
artefacts.

In QFD, the informati

QFD methods and tools may vary according tcg\‘;& organization and project requireme
Typically, they begin with broad concerns and through }&\oritization, flow down to specifics.

QFD, the basic flow of informat

.

ample QFD-flow based o

E 122070191,

O

S (ISO 16355-1:2
V@Q
Q
D
R

o)

flows downstream through the entire product development are c{
.1). Such QFD flows imply pre- and post-traceability between the consid

hd

customer needs to product requirements sho

uvl\]?be

nts.

are
en

ving
g to

lled
bred
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— Project

— Business goals
— Identification of

Exploration of

Project and customer
planning

customer needs

Definition of customer

|

|

needs
P

organization

customers,
segments, and
stakeholders

Voice of
customer
analysis

— Categorization of
customer needs
— Validation of
customer needs

~

targets

— Prioritization of
customer needs
by segments

— Setting customer

~

Specification of product
requirements

P
— Customer-driven functional
and non-functional product
requirement specification
— Solution-driven functional
and non-functional product
requirement specification
— Validation of customers,
segments, and stakeholders

N

Evaluation of product
requirements

A-

Vs

— Analysiscef the impact
of functional and non-
funetional product
requirements on
customer needs

= Customer value of
functional and non-
functional product

— Evaluate design
alternatives

Figure 1 — Flow chart of ptoduct development of digitalized products and services w

— Validation of product requirements
requirement specifications L
A J
~%
Software design Softwar.e_cox:ﬁng Software
and ver;fg@tlon deployment
— Define architecture, — Testing _ on-premise )
system elements — Analyze customer o on-geman d
and interfaces feedback

ISO 16355-7

th QFD in

dig

the[ISO 16355:series standard that provide detailed guidance, methods, and tools as well ag

case studiess

Tabre 3 categorizesCthe flows into general aspects that may be mapped to any specific agproach for
tal product development with QFD. Furthermore, it references related clauses in the otlfer parts of

applicable
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Table 3 — Mapping of flow chart to other clauses in ISO 16355 series standard

Aspect of the flow of information

Related chapter of ISO series standards

Project and

ISO 16355-1:2021, Clause 6

A custolr]r;ﬁlf‘gplan- Project organisation 1SO 16355-5:2017, Clause 7
[SO 16355-2:2017,9.1
Business goals, derived from 1SO 16355-2:2017 9.1.2.8
trostrimrkart * =
[SO 16355-2:2017,9.1.3
ISO 16355-2:2017,9.1.4
[SO 16355-2:2017,9.15
Identification of customers, 1SO 16355-2:2017 9.2.1
segments and stakeholders ' . o
[SO 16355-2:2017,,9:212
ISO 16355-2:2017,9.2.3
ISO 16355:2:2017,9.2.5
E . Voice of the customer and ISO 16355-2:2017,9.2.5.2.3
xplpration stakeholder acquisition and
B | of cuptomer behavi 1 4 lvsis in th ISO 16355-2: 2017,9.2.5.2.4
ndeds ehavioural analysis in the
customer gemba IS0, 16355-2:2017,9.2.5.15
ISO 16355-3,
Categorisation of customer IS0 16355-4:2017, 9.2
needs [SO 16355-4:2017, Clause 10
Validation of customer needs ISO/TR 16355-8:2017, Clause 11
Measilirement | Prioritisation of customer 1SO 16355-4:2017. Clause 11
¢ | of cuktomer needs by segments ’
néeds Setting customer targats [SO 16355-4:2017, Clause 12
Customer-driven fuhctional
and non-functiomal\product
requirement gpecifications [SO 16355-5:2017,9.3.6.2.2
5 Sg;fgfﬁfc(;n Solution-driven functional 1SO 16355-5:2017, 10.4.3.7.1.2
requifements | 204 DoINUActional product ISO 16355-5:2017, 10.4.3.5.1.2
requireément specification
ISO/TR 16355-8:2017, Clause 11
Validation of product require-
ment specifications
Analysis of the impact of
functional and non-functional
Evaluafionof | product requirements on cus- IS0 16355-5:2017, Clause 9
E | productre- tomerneeds TS0 16355-5:2017, Clause 10
quirements | cystomer value proposition of ISO 16355-5:2017, 10.3.4.1
functional and non-functional
product requirements
Define architecture, system ISO 16355-5:2017,10.4.3.7.1.1
Software de. |  Ciements and interfaces 1SO 16355-5:2017, 10.4.3.6
F signl10] Evaluate design alterna- 1SO/TS 16355-6
tives (especially concerning ’
non-functional requirements) ISO/TR 16355-8:2017, Clause 11,
Software Testing ISO/TR 16355-8:2017, Clause 11
G |coding and ver-
ification[10] Analyse customer feedback ISO/TR 16355-8:2017, 17.1
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Table 3 (continued)

Aspect of the flow of information

Related chapter of ISO series standards

ISO/TR 16355-8:2017, Clause 13
ISO 16355-1: 2021, Clause 18
ISO/TR 16355-8:2017, 13.5.1

ISO/TR 16355-8:2017, Clause 14

On-premises (installed base)
On-demand (cloud based)

Software De-
ployment[10]

6.4 QFD enhanced validation support to unified modelling language (UML) and systems

modelling language (SysML)

6.4/1 General

QFI) may support other software modelling languages.

6.4{2 QFD Support to UML

Theg unified modelling language (UML) described in ISO/IEC \49505-1, is a general-purpose,
developmental, visual modeling language in the field of software engineering. UML was devdloped with

the
too
bus
relg
Thi
intd
diag

6.4

Sys

help integrate modelling for systents,containing both hardware and software elements. |

the

objective of providing system architects, software engineers, and software developers

s for analysis, design, and implementation of software<based systems as well as for
iness and similar processes. QFD provides direct supportto the UML analysis by establi
tionships between customers, their needs, requirements, activities and priorities for de
5 supports the validation and prioritization of the' development of UML use case n
raction diagrams captured in communication“diagrams, interaction overview and
brams.

3 QFD Support to SysML

vith visual
modelling
shing clear
velopment.
hodels and
sequence

particular

fems Modelling Language describedin ISO/IEC 19514, extends UML visual modelling ap‘1roaches to

SysML extension includes .the development of a requirements diagram that can

sup

stakeholder needs, and the,associated prioritization of those requirements. These are the :
systematically addressed.within ISO/IEC 19514. UML and SysML have been used to establi
modlelling methods unpder the general heading of ‘Model Based Systems Engineering (MB

em
QFIl
cen

7

orted by QFD in the systemiatic validation of requirements, their traceability to cus

edded in development frameworks for systems, particularly software-centric systems
provides appropriate requirements validation and prioritization critical to successfu
[ric systems‘engineering development programs.

Types of product planning projects with QFD

e directly
tomer and
|spects not
ch systems
SE)’ and is
and hence
software-

Th

ell as the

increasingly global and multidisciplinary nature of software development as wi

establishment of agile process models (especially Scrum) challenge science and practice to combine
the principles of agile approaches with the circumstances of software development with digital and
human elements. However, as pointed out above, the software part in today’s business is mostly agile
developed.

Thus, using QFD in an agile development serves as a kind of framework and mindset for the types
of planning projects for digitalized products and services. A combination of the variants introduced
below is possible in any case. In each variant, QFD concepts adapted to the agile environment have to
be applied like handling matrix evolution methodologically, visual display of information to improve
communication or the organizational fit in iterative and incrementall2][17],
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Table 4 differentiates six different product planning approaches which serve as basic starting points (or
application scenarios) for using QFD for digitalized products and services. Note that these approaches

are not mutually exclusive and may be supplemented by concepts from the other approaches.

Table 4 — Product planning approaches with QFD for digitalized products and services
Life cycle phase Requirements driven Data driven Technology driven
Existing product evolution Requirements driven Data driven deployment Reverse QFD
deployment
New product development | Dynamic software QFD | QFD for MVP/MMP devel- | Technology driven deploy-
opment ment
7.1 Requiirements driven approach
7.1.1 Gepneral
This approach is used, for example for legal or regulatory requirements, commodity functionality pnd

data requi
customer 1
qualitative

7.1.2 Re

Fements, and technology requirements. It is also applied in methods)where hypothese:

and quantitative validation with customers, users and stakeholders.

quirements driven deployment

Classical spftware QFD approaches applied in the context of further development of existing prod;

referencin
functional
priority to
process an

b the focused QFD approaches that triangulate customer needs with functional and 1
requirements[2l18], Modern QFD uses the maximum value table to focus on the higl]
improve customer needs and define criticalyproduct requirements through to the b
1 customer support(171[19][20],

7.1.3 Dynamic software QFD

Software

incorporat
starting in
also used i
and the tw

7.2 Datd

QFD is applied iteratively in{ increments, virtually, especially under time presg
ng a certain amount of technical feedback on software designs and architectures. Usu
new product developmentiihcertainty is reduced through regular feedback. Feedbad
h further development. Fypical approaches include continuous and collaborative QFDI[13
in peaks approachl22}i23};

| driven approach

7.2.1 Datta driven.déployment

Data-input|
product de

driventas well as data-analysis-driven product planning in general refer to data dr
velopment using data mining and analytics of past usage of existing products. Artif

intelligenc

on

eeds, often referred to as customer problems and potential solutiofis are evaluated through

icts
jon-
hest
uild

ure
ally
k is
[[21]

ven
cial

e (A1) and machine learning (ML) such as chat-bot data are examples where data is use

as

input for an ML engine to derive insights about directions for further development[241(23], Especially
when handling a large amount of data in data-intensive applications, the raw data requires preparation,
modelling and quality checking before usagel3¢I[37][38],

7.2.2 QFD for MVP/MMP development

The product team may experiment with different implementations of design and product concepts and
makes decisions based on the analysis of performance statistics or usage data. Data can also come from
the potential user side covering how they behave in certain situations, or how much time they spend on
what tasks. Such experimentation is a good approach when the focus is on innovation and optimization
under uncertainty to learn and validate assumptions about a future product. Traditional development
works toward developing a minimum viable product (MVP) or one that achieves basic function, but by
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incorporating QFD in the learning cycle, the focus shifts toward developing a minimum merchandisable

pro

7.3

7.3.

ducts (MMP) or one for which customers will pay.
Technology driven approach

1 Reverse QFD

Analysing an existing product or service (especially one which may have not been planned initially with
QFD) is an approach to adding new product capabilities and characteristics, functions, and features.
Often this is done when technology advancements make such functions and features possible or achieve

am
ach
the
targ
nee
soly
rev

7.3

Evodlutionary market innovations take place when a technology is clese to market maturity b

cus

und

8

8.1

The
ISO
rold
acd
and
inte

8.2

Cor

digjtalized products and services are shown in Table 5.

arket-acceptable performance level. These are then mapped back to the customer needs
eved or fulfilled if the technology is employed, and in what use cases by which cuStor
standard forward QFD process is used to determine how best to develop a business-mod
fet customer segments and use cases, and then pursue their most important t6, improv
ds. This improves the likelihood that the product will not only be technologically elega
e real customer problems, opportunities, and image concerns resulting in tharket succ
bnue, and other business goals(26l[27],

2 Technology driven deployment

that can be
hers. Then,
el, identify
b customer
nt, but will
ess, profit,

ertainty with low technology uncertainty is strengthened with technology competence.

QFD team membership

General

essential roles in a QFD team remain the same as described in ISO 16355-1:2021, ClI
16355-5:2017, Clause 5. Howevep; irsoftware development and especially in agile enviror
of a product manager (in scrun;the product owner) is responsible for profitability and
mmunication interface between the development team and the customer or additional st|
subject matter experts. This assures that the product manager will always consider t}
rests of the company as.defined by the voice of business as described in ISO 16355-2:201

Core team membership

e team membership is referenced in ISO 16355-1:2021, 7.2. Typical roles and tasks

Table 5 — Roles and tasks in QFD team for digitalized products and serviceg

t potential

fomers are not yet defined. QFD’s voice of customer and¢stakeholder analysis provide$ the fuzzy

¥

front end for innovation management by including QFD to derive new business modelsl®l. Hj

gh market

huse 7 and
yments, the
serving as
hkeholders
e business
7,9.1.

n QFD for

Tanly.-

3 NG
S

TITY

Product manager with responsibility for profitability

and close coordination with development team

Planning and coordination with voice of business

Process manager, method expert Planning and moderation of worksh

ops

Development team

Defining and implementation of product requirements

Cu

stomer, user, additional stakeholders (for example,

software platforms) customer, involved in testing

Participation in workshops, bringing in the voice of the

8.3

Subject matter experts

Subject matter experts are referenced in ISO 16355-1:2021, 7.3. In the digitalized products settings
additional experts for example, software platforms, complementary eco-system partners, contestants
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for co-creation of services as well as users and customers capable of coding and designing should be
involved. Primarily, their task is to bring their perspectives into the planning process.

8.4 QFD team leadership

Subject matter experts are referenced in ISO 16355-1:2021, 7.4. In the digitalized products settings,
a process manager is a method expert (for example, a scrum master), and the QFD team leader is
responsible for the planning and moderation of workshops. The QFD team leader should take a position
of being function-agnostic so as to remain neutral to any business department or activity.

9 Techllliques for applying QFD for developing digital products and services

9.1 Gen

Certain te
services. U
design gui
approache
techniques
and scienti
in more de
developme

9.2 FitVv

According
cycles is us
developme]
activitiesl4
review me
guiding an

Using QFD,
customers
activities

requireme
these requ
prioritizat
both purel
an iteratio
changed cf
directly in
and before

bral

chniques are especially useful when applying QFD for developing digitalproducts
sually the described application of the techniques corresponds to one of-more of the al

5. How these fit as well as potential mutual dependencies (supplementation or conflict) of
among themselves are important considerations. Supporting examples such as case stu
fic evaluated papers are referenced which demonstrate the applicability of the approad

nt settings.

yith iterative procedures

and
ove

Helines or one or more of the typical application scenarios of the above product planning

the
lies
hes

bthl28], The listed techniques are not exhaustive but compri$é current best practices in agile

to the agile principles for continuous delivery of'softwarel3], an iterative approach in s
ed where the product grows incrementally-Thus, QFD techniques have to fit with iter
nt, which represent a repeated use of cencurrent planning, developing and verifica
. There are requirements refinementyiteration planning, requirements realization
btings into which QFD practices willfit. QFD serves in this setting especially as a mana
1 control tool through determiningthe needs and requirements to be fulfilled.

in these settings incorporates planning meetings with external stakeholders, especi
to clarify details and to-achieve an agreement and commitment on the next iterati
among all participants ;(éspecially developers). It results in a selection of pro
hts (such extended uger stories) to be implemented within the iteration. During the iteraf
rements remain unefianged. Further refinement of needs and functional requirements u
on techniques and matrices may take place separately in so-called grooming meeti
y internally astwell as with external stakeholders. In up to three grooming meetings wi
h, estimates, and assessments are updated and new solutions are sought to satisfy ney
Istomer<needs. In order to consider the feedback on the working product’s performa
the nextiteration, a mini-grooming is recommended immediately after the review mee
thelstart of the next cycle. The daily status meetings as well as the retrospective meetin

the experie

ort
ive
ion
nd
ing,

ally
n’s
uct
ion,
bing
ngs,
hin
y or
nce
[ing
b on

rices with the past iteration remain unchanged as in usual agile practicel2l.

Emphasized is the fit with design guidelines and QFD product planning types of iterative and
incremental development for digital functions, close collaboration, cooperation, and co-creation of
customers’ and developers’ sides, all of which fosters commitment and motivation.

9.3 Extended user stories

User stories are the main requirements representatives in agile contexts. In general, a user story
refers to a product function that has a certain value for users or buyers of a software product. The
focus is usually, but not always, on functionality, since software differentiates itself in most cases
by its behaviour. The value directly corresponds to a higher business value from the perspective of
the development organization. There is a widely used and established standard template for the
formulation of a user story: “I as a (role) want (function or goal) so that (business value)”[22][4], From a
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QFD perspective, this phrase can be restated as “As a (stakeholder) I want (functional requirement) to
satisfy (customer need).” Or even more abstractly: “As (who) I want (what) to satisfy (why).”

A user story explains a moderate, strong, or higher relationship in a QFD house of quality L-matrix
through this “why” component and its link to the “what” component. In the house of quality, the “why”
component represents the customer needs in the rows and the “what” component represents the
functional and non-functional requirements in the columns, as referenced in ISO 16355-5:2017, 9.3
However, because user stories only combine exactly one need with exactly one potential solution, the
maximum value table in modern QFD better supports this. This is explained in ISO 16355-5:2017, 9.2.
This one-to- one relatlonshlp between needs and solutions i is not the usual case because product features
rarel gntexts and

prigritization L-matrix represents an extended user story not only focusing on one relation of a solution
to gne need but on many relationships to many needs.

Emphasized is the fit with design guidelines and QFD product planning types for close co:llaboration,
cooperation, and co-creation of customers’ and developers’ sides mrhich create businpess value,
sustainable and comprehensible procedures, which are useful in requiréments driven depldyment and
reverse QFD, (see A.1).

9.4 Visual display of information

Description: Especially within a development team, agile €ontexts demand for easy and quidk access to
infgqrmation like the requirements to be realized within the next iteration. Additionally, assgssments of
risKs, dependencies, difficulties, complexity and so e have to be intuitive and accessible. A prioritization
L-matrix like the house of quality could serve asicompact and well-arranged map of priorfities of the
nee(ds and functional requirements to be addressed. It can be further reduced to its essentifl relations
by selecting only the extended user stories (¢olumn-row-combination with highest relatipnships) or
trapsforming it into a relations diagram like’the maximum value table. In either case, the vifualization
seryes as a management tool to guide theagile development.

These aspects can be seen to be aligned to the ways that modern QFD supports the validation and
prigritization of aspects of visual software and system modelling and development gpproaches
destribed in UML and SysML({SO standards, outlined in 6.4.

Emphasized is the fit with‘design guidelines and QFD product planning types to foster cgmmitment
and motivation. Thesé-visual displays help with incrementally growing and shrinking prioritization
mafrices, maximumvalue table, and assessing and prioritizing functional requirementsl(2l.

9.5 Categorization with the Kano model

Validation-ef the highest priority functional requirements from the house of quality L-matrix with
suryey results and categorization according to the Kano model as referenced in 1ISO 16355-5:2017,
10.3.4:4 increases the depth of analysis to determine if solutions meet only minimal expectations
or will generate true excitement in the market. Additionally, judging the consequences on customer
satisfaction when not realizing a requirement (and therefore not fulfilling corresponding customer
needs) is valuable.

Emphasized is the fit with design guidelines and QFD product planning types of QFD for MVP and MMP
development. This helps with assessing and prioritizing functional requirements(11],

9.6 Maximum value table (MVT)

Modern QFD’s maximum value table as explained in ISO 16355-5:2017, 9.2 focuses on only the most
important or urgent to improve customer needs and which functional requirements, non-functional
requirements, design details, technologies, development and build activities and tasks, and customer
support are essential. Due to this strong focusing on the relations with highest impact, the MVT directly
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corresponds to the extended user stories. It further extends the linking between needs and solutions to
one to five top customer needs to many dimensions of design, development, build, delivery, and support.

Emphasized is the fit with design guidelines and QFD product planning types with focus on essential
activities and tasks, and requirements driven deployment based on extended user stories[11l,

9.7 Incrementally growing and shrinking prioritization matrices

Prioritization matrices in their standard form are often time-consuming to build due to the many
possible relatlonshlps to be quantlfled between many rows and many columns One way to tackle this
problem is A A

the matric

iteration.

Extended user stories shown by the column-row-combinations could then be selected

realization
on the bas
fully satisf
implement
user storie

Emphasize
increments
compreher
Useful are
iterative p1

in the next increment. After successful implementation, the€ prioritization matrix is shr
s of what was achieved and fully satisfied needs. The néeds in the rows which have b
ed are deleted as well as the corresponding solutions jn the columns that have been alrg
ed in the product. The reduced matrix serves finally.as'a starting point for adding exten
5 in the form of new needs and further requirements.

d is the fit with design guidelines and QED product planning types of iterative
11 development for digital functions, focus-oiessential activities and tasks, sustainable
sible procedures which foster commitment and motivation, and dynamic software (
extended user stories, fit to planning hi€etings and requirements refining meetings wi
ocedures[2], (see A.2).

9.8 Prioritization with pairwise comparison

Especially
with the a
already pr
and neede
Clause 11 3

Emphasize
incrementd
assessmen

when adding new needs-as-well as eliminating fulfilled needs, pairwise comparison, suc
halytic hierarchy proeess’ (AHP), is used to easily judge the new needs in comparison v
oritized ones. It is alse’used for other evaluation criteria such as difficulty, complexity, t
l resources. AHP.applied to prioritizing customer needs is explained in ISO 16355-4:2
nd to other evalyiation criteria is explained in ISO 16355-5:2017, 10.3.4.5.

d is the~fit~with design guidelines and QFD product planning types of iterative
11 development for digital functions, and focus on essential activities and tasks. Useful
I and‘prioritizing functional requirements.

and
and
)FD.
hin

h as
vith
me,
D17,

and
for

9.9 Ass

ssment and ranking runctional requirements

In very tight time schedules or with less motivated team constellations, simple symbolism and
visualization could be sufficient to achieve a prioritization of the requirements on the basis of the
ordinal ranking scale mostly used in agile contexts[4l. If the needs are placed in a simple ranking
according to their business value, all the effects listed in the upper lines of a prioritization matrix as
well as a maximum value table are to be judged higher than the lower ones. The focus is on the strong
and medium relationships; weak ones as also in classical prioritization L-matrices, are omitted as they
do not help in the differentiation of the solutions.

The solution space consists of all possible kinds of functional requirements, especially product functions
and quality characteristics. For further assessments of risks, dependencies, difficulties, complexities,
efficiency and so on additional techniques like direct assessment or the pairwise comparison may be
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used. Additionally, Kano categorization can support a sound and rational selection of requirements to
be realized.

Emphasized is the fit with design guidelines and QFD product planning types: of focus on essential
activities and tasks, consideration of all aspects of business value, requirements driven deployment,
and dynamic software QFD. This is helped with the maximum value table, prioritization L-matrices,
visual display of information, categorization with the Kano model, and prioritization with pairwise

comparison(2l[3],

9.10 Value proposition canvas

The value proposition canvas is a qualitative instrument for describing and visualizi
proposition. This describes the benefits that a customer can expect from the product@i1t
the|fit between aggregated product features and customer benefits and forms one,of the fu
pillars of a business model. The mutual coordination, concretion, and abstraction of]

g a value
represents
ndamental
the value

proposition canvas, a HoQ-like value proposition deployment matrix, and the mnimum vialple product

(MVP) constitute the value proposition deployment (see A.3). By iteratively validating
proposition in real settings, further central components of a business madel like target
conimunication channels, potential revenue streams can be derived.

the value
customers,

Emphasized is the fit with design guidelines and QFD product planning types of focus op essential

activities and tasks, considerations of all aspects of business value,-and technology driven d
Thip is useful with the maximum value table, prioritization 4.-matrices like the house of g
visyal display of information, (see A.3).

9.1/1 Persona development

In ¢
the
per
tha
are

ase of unclear preferences of the customer, hypotheses can be made about their charactg
priorities derived from them. A combinatipfitof hypotheses about the intended customel
tona. Clear and detailed personae support'the QFD team in product design. It is import
a persona is not the average customerbut represents a specific target group whose re
to be met. The hypotheses may then be tested by developing a minimal viable product (

Emphasized is the fit with design~guidelines and QFD product planning types for use
datp analytics, QFD for MVP/MMP development, and technology driven deployment. It
identification of customer segments within project and customer planning, minimal viabl
ext¢nded user stories, prioritization techniques, and test of prototypes, (see A.4).

9.12 Software support

Thd
incy
pro

incrementaldapproach with frequent changes and the large amount of information to |
ease the-edmplexity of development projects. This is intensified in distributed and hi
ects. Seftware can help to cope with this.

Emphasized fit with design guidelines and QFD product planning types for use with d

eployment.
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e products,
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9.13 Test of prototypes

When uncertainty concerning needs exists, learning by early demonstration of possible solutions to
external or internal customers is valuable. Possible solutions could be derived from a hypothesis of first
user stories and their assessment.

Emphasized isthe fit with design guidelines and QFD product planning types of iterative and incremental
development for digital functions, use of digital data analytics, QFD for MVP/MMP development, and
technology driven deployment. This fits with review meetings and requirements refining meetings
within iterative procedures(32l.
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9.14 Voice of engineer analysis (VOEA)

In coming up with potential solutions to provide benefit to customers there is not only an analytical
part needed for transforming already known customer needs into functional requirements to be met
by the product. Additionally, a creative part is essential for finding new innovative solutions and ideally
real “break-through ideas” which potentially lead to even higher customer satisfaction. Hence, the Voice
of Engineer i.e. of the solution developers have to be explicitly included and analysed. The procedure
and potential tools used have similarities with those from the acquisition of the voice of customer
(ISO 16355-1:2021, 8.2.7 to 8.2.11 and ISO 16355-2:2017, Clause 8) but are augmented with creativity
methods like the 6-3-5- method (reverse) bramstormlng or remember the future Already existing

of enginee
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9.16 Test

Digitalized
and societ]
safe publig
relevance

- analy51s can help to meet already 1dent1f1ed customer beneflts (requlrements drlve
ting point for the development of new products and services (technology driven). Expli¢i
he VOE is also important in order to identify exciting factors according to the Kano mmodel} i
requirements that customers themselves would not have come up with.

th the test of prototypesl[21],

vare house of quality (Software HoQ)

se of Quality matrix, weights quantify the relationship gt contribution between custo
functional requirements (ISO 16355-1:2021, 13.1)..The functional requirements cc
ht performance of the product (often called quality.characteristics) as well as actions
fomplishes (see 3.5). As a digitalized product or service without such actions nearly offe
customers, the focus within its development liés usually on product functions as solu
tics. Thus, the software house of quality (Software HoQ) as an instance of an L-Matrix,
as customer needs-functional requirements'matrix (ISO 16355-5:2017, 9.3.6.2.3), coms
non-functional quality characteristics relate to the product as a whole or to certain funct
tems, they are usually considered either as design constraints or are related to custo

product functions in a functional requirements-functions matrix (ISO 16355-5:2

d is the fit with design guidelines and QFD product planning types of iterative and increme
nt for digital functions, the focus on essential activities and tasks, and requirements dr
t. Useful are extended user stories, fits to the visual display of information and increment
ee A.5).

coverage matrix

products~and services often work in environments where safety and securityl(31l, priv
al issuel¥2l are important. Thus, sophisticated methods of testing and certification
usage-are required. QFD supports the selection of relevant test cases by measuring t
hccording to the extent they cover customer needs. An L-Matrix mapping test storie

d is the fit with design guidelines and QFD product planning types of focus on esserjti
uirements driven deployment, technology driven deployment and dynamic software ()
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Fit with design guidelines and QFD product planning types of iterative and incremental development
for digital functions, a focus on essential activities and tasks, and requirements driven deployment
are emphasized. Extended user stories, fitting to the visual display of information, and the testing of
prototypes are useful, (see A.6).
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Examples of applicable methods and tools

Details of how these methods and tools are integrated and applied within QFD are explained in the
citedbooks and papers The pv:mp]pc below are from QED app]ir‘:ﬂ'inn case chldy papers prncphfnd at

onferences

and

NO1
and
som

A.1 Extended user stories

Xk

Product functions

®

®

Customer needs

®

strong impact

medium impact

ships of functions and needs

in journals to illustrate how the methods and tools can be used in QFD.

E2 QFD can integrate with methods and tools from many product development methods. T
tools in this annex and in the Bibliography are not an exhaustive list. Some referencesare instriyictional and
e show how they integrate with other methods and tools in QFD.

he methods

Product functions

O

O

O]
O

Priorities

O]

Customer needs

O]

O]

O

©

Business value of
product functions

User stories as L-matrix'with 1:1 relation- b) Prioritization L-matrix with columns repre-
senting extended user storie

S

Figure A.1 — User stories L-matrix

This figure illustrates extended user stories in b) versus user stories usually applied in agile contexts(3],
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