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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,

governmen

tal and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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Introduction

The ISO/IEC 24773 series replaces and expands upon ISO/IEC 24773:2008.

The ISO/IEC 24773 series consists of the following parts.

requirements which are common to the remaining parts.

ISO/IEC 24773-1 serves as the basis for the ISO/IEC 24773 series. It contains terminology, concepts, and

This document contains guidance which can be used by certification bodies regarding the definition

of knowledge, skills and competencies that are to be incorporated into a certification scheme for
professionals in software and systems engineering.

ISO/IE
engine

ISO/IE
engine

The ISO/IE
variety of n

[ 24773-3 provides specific requirements for certification schemes for professionals
ering.

[ 24773-4 provides specific requirements for certification schemes for professionals
Pring.

C 24773 series is applicable across all organizations and for conducting assessme
nethods, techniques and tools.

This document also contains additional discussion and guidance coneerning the requir

certificatio
certificatio
contains gu
or referenc

— bodyo
skills;

compe

In addition
that a confq
attributes

these other

h schemes defined in ISO/IEC 24773-1. It contains general giidance concerning the el
h scheme, particularly as they apply within the domain efSoftware and systems eng
idance for the description of several key elements of céttification schemes which ar
bd by the certification body:

F knowledge (BOK);

ency.

to addressing technical skills, knowledge and competence, ISO/IEC 24773-1:2019, 6.3
rmant certification scheme address other aspects of professionalism, such as profess
ind a code of ethics. This document provides additional descriptions and guidancg
aspects of professionalismto be addressed by a conformant scheme.

This docunpent is useful to certification bodies offering schemes for the certification of professi

domain of
designing t
of these sch

Annex A co
Annex A als
the require

systems or software engineering. It offers guidance for certification bodies when
he various elements of their respective certification schemes, as well as guidance for
eme elements.

htains further explanation about the distinction between certification and professionz
o contains additional guidance to encourage harmonization between a certification
ments,of regulators.

By conside

ing'the guidance cantained in this document certification hadies can pravide a cleard

in systems

n software

nts using a

bments for
ements of a
ineering. It
e generated

.1 requires
onal skills/
e regarding

bnals in the
defining or
description

1] licensure.
tcheme and

r and more

precise description of their certification schemes. This in turn benefits the other stakeholders (potential
certificants, accreditation bodies, professional and technical groups, and employers), allowing them to
more accurately assess the certification scheme and compare to other schemes. This document is also
useful to (potential) applicants or candidates of certification schemes, in that they can obtain additional
background information concerning the requirements for certification schemes claiming conformance
to the ISO/IEC 24773 series. Understanding the requirements for a certification scheme (as expressed
in ISO/IEC 24773-1, ISO/IEC 24773-3, and ISO/IEC 24773-4) along with the guidance contained in this
document, helps the candidate to compare various schemes, and understand where/how such guidance
is reflected in and incorporated into the various schemes. Similarly, employers; evaluators of professional
personnel who are certificants; and evaluators of certification schemes in the domain of software and
systems engineering can also use the contents of this document to better understand the requirements, as
well as the differences between various schemes.
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ISO/IEC 17

ISO/IEC 24
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3 Term

For the pui
following a

[SO and IE(
[SO On

IEC Ele

3.1
KA
knowledge

g documents are referred to in the text in such a way that'some or all of their content
ts of this document. For dated references, only the edition cited applies. For undated
lition of the referenced document (including any amendments) applies.

24, Conformity assessment — General requiremtents for bodies operating certification o

y73-1:2019, Software and systems engineening — Certification of software and systems
[s — Part 1: General requirements

5 and definitions

poses of this document, thetterms and definitions in ISO/IEC 17024, ISO/IEC 24771
bply.

ine browsing platform: available at https://www.iso.org/obp

ctropediaravailable at https://www.electropedia.org/

area

maintain terminology databases for use in standardization at the following addressgs:

s based on

constitutes
references,

[ persons

engineering

-1, and the

0

sub-area or grouping of related topics within a body of KkKnowledge (BUK)

Note 1 to entry: See 5.2 and 5.3.

4 Major elements of certification and qualification scheme

This clause introduces the major elements of a certification and qualification scheme as listed in
ISO/IEC 24773-1.

Clauses 5 to 8 discuss the various elements in greater detail.

© ISO/IEC 2024 - All rights reserved
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Conforming certification schemes have the following major elements at a minimum:

— body of knowledge (BOK);

skills;

competencies.

Figure 1 depicts these elements and the relationship between them within the context of a certification scheme.

The body of knowledge (BOK) associated with a certification scheme contains items of knowledge which
are relevant to the engineer or professional in the domain being targeted by that certification scheme.
Recommendations for describing the BOK for use in a certification scheme are explained in detail in Clause 5.

NOTE1  Alsosee ISU/IEC Z24773-1:2019, 5.3 Tor the explanation of knowledge, BUK and cognitive level.
Skills defingd for a certification can represent various abilities of the certificant, such as the\ability to apply
specific knpwledge in the performance of an action, or a single step within a sequence,-Recommendations
for describjng skills are explained in detail in Clause 6. Since skills are defined basgdon a ceftain set of
knowledge|topics, Clause 6 also contains recommendations about relationship betwéenknowledge and skills.
NOTE2  Also see ISO/IEC 24773-1:2019, 5.4 for the explanation of skill and performance level.
Competencjes represent the ability to successfully complete tasks that certified persons are ¢xpected to
undertake.|Each competency required by the certification scheme is associated with appropriate|proficiency
levels (see ISO/IEC 24773-1:2019, 6.5.3). A competency area may be defined and may include varjous related
competenc]es. Recommendations for describing competencies for use'in a certification scheme ar explained
in detail in|Clause 7. Since competencies are defined based on.a certain set of knowledge topic$ and skills,
Clause 7 algo contains recommendations about relationship among knowledge, skills and compefencies.
NOTE3  Alsosee ISO/IEC 24773-1:2019, 5.5 for the explanation of competence and proficiency level.
Knowledge
Body of Knowle [
Competencies ] .
Knowledge Ax@ = p Required
Topic 1.x; 2 for A ]0b
Theor; %tice, Standards — 4% Competency . -" X
To X'& 2 ‘O/l@ Area 1: g e w
éej , Practice, Standards k= Q ~ 32 P R
£ & z L ’ |
. b0 Comp 1.A £ 4 H
Knowledge Area 2: 8 Comp 1.B 2 N, e
Topic 2.x: - 5 ~. / i
N Theory, Practice, Standards - :': - ; Comp 1.C E I~ }t: ; i
————— 2 . i
Skill Croup 1: » I T L H Competency = P [ = A ]Ob
S\ .- Appliedin _~ Area 2: H e N Y
Skill 1.1 & T e mimimmim e e » =l g
Skill 1.2 .- 000 -7 Comp 2.A g €7
8 A Comp 2.B S S <
Skill 1.n ;== Ss Comp 2.C S h 8 ;
. . . —",”’I \l o~ \\\:..'
Skill Croup 2: ; ————— \\ Other :.,v\~
Skill 2.1 g Sy Professional e ! :‘i\
Skifi 2.2 = Competency ki 4 ]Ob
g Area 3: L:r S
Skill 2.n = Comp 3.A jg ST = Z
Comp 3.B S
Comp 3.C A '
Certification Scheme Generic
Competence g
-
Self Organization ?
Time Management £
Prof. Communication 5
Prof. Development &

Figure 1 — Major elements of certification scheme and relationships among them
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Other relevant elements of a professional certification scheme are not depicted in Figure 1:
— individual attributes (refer to 8.1);

— pre-requisite education or other pre-requisite qualifications;

— other KAs not in the reference BOK (refer to Clause 5).

Clauses 5 to 8 in this document provide additional guidance related to these elements.

The CASCO document “How to Develop Schemes for the certification of persons”[11l provides useful introductory

information about and general guidance concerning certification schemes and certification bodies.

5 Recor

5.1 Gen

]:al
The following recommendations apply to the BOK as used within a certification scheme for profi

the domain
Within ISO

The term “
bodies. The

for many pyirposes.

Accordingl]
certificatio

endations — Body of kKnmowledge (BOK)

s of software and systems engineering.

body of knowledge” is used within many contexts, both in industry, academia and g
scope and meaning of a BOK should be clarified, especially.since any particular BOK 1

i, the certification body may choose to construct/and define a BOK specifically
h scheme. It may choose to adopt another (extefnally defined and controlled) BOK

[EC 24773-1 and ISO/IEC 17024, a BOK is a required element of a eertification schemg.

bssionals in

h

rofessional
hay be used

for its own
[ for use in

its certificqtion scheme. In a pragmatic approach, the certification body may construct a unique BOK by
assemblingreference material from existing sources.

5.2 Scope and depth of a BOK

The purpoge and scope of any BOK should be<¢larified - whether that BOK is utilized as an element of a
certificatiop scheme; as a foundation for academic syllabus or curriculum; or as a basis for grofessional
regulation.

A BOK, for the purpose of this docunent, provides the underlying knowledge contained within an gppropriate

set of topic
hierarchy, i

A certificat
However, t
ensure the

The scope
BOK associ

5 grouped into KAs (ilustrated in Figure 1). The enumeration of topics, in a sound s
5 essential.

ion body may choose to assemble a BOK using several approaches (see subclauses il
he BOK should ‘always be managed and treated as a whole; and the certification b
integrity,-accuracy and currency of the BOK as a whole.

bf the BOK should be consistent with the purpose and intended use of the BOK. In tl

tructure or

h Clause 5).
ody should

he case of a

knowledge

suggestions

ated with a profession or a professional discipline, the BOK should at least cover t
1 1 ) 1 ne aks 1 O ! . 1 O

‘supporting disciplines”

e essential

¢ additional

The scope and depth of knowledge contained in the BOK should be consistent with and sufficient to support
the various skills and competencies defined as other elements of the certification scheme. This completeness
and sufficiency should be validated.

The depth of the material covered by the BOK should also be consistent with the purpose and intended
use of the BOK. For the purpose of a professional discipline, if a KA is deemed essential and necessary for
the understanding and practice of that discipline, then the material provided may be extensive in order to
provide more detail. The knowledge provided in a given KA in the BOK should be provided in depth sufficient
for professional practice.

© ISO/IEC 2024 - All rights reserved
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A BOK may include or reference supporting KAs. Supporting KAs should be included in a BOK where such
knowledge is directly required for professional practice, or where such knowledge is originating in another
discipline (such as discrete mathematics, quality assurance or economics) and underlies the knowledge
contained in the primary KAs. The information included in these supporting KAs may not necessarily
be provided in depth and does not need to be repeated in the BOK if they are referenced to authoritative
external sources.

Existing reports of BOK development projects such as “The Guide to the Software Engineering Body of
Knowledge”[12] and “Towards a distinctive body of knowledge for Information Systems experts: coding ISD
process knowledge in two IS journals”[13] may help design the purpose, scope, and depth of a BOK.

See 5.6 concerning “supporting or related disciplines”.

5.3 Consgtruction or assembly of BOK: content hierarchy and guides to BOK

A BOK may| consist of many KAs. A KA may in turn consist of specific topics, and even sub~topic

in a hierar

The BOK

y.

ould present information or knowledge for each defined KA. See further guid

concerning|the quality of the knowledge sources referenced or used within a BOK.

However, the assembly or presentation of the knowledge content for a given'KA or topic within t

be via refer

ence to an external source.

Thus, the BOK itself may contain source knowledge material for some)KAs, or it may provide rg

external ki
This appro

moduld
within]

efficien
are alr¢

extern

owledge sources and not contain the referenced external source knowledge mater
ich has the advantages of:

rity - new references may be added or substitGted easily when the content for a K
evolve;

cy - external knowledge sources (provide@they also meet criteria for source informat
bady written and do not need to be re-written for the purposes of the BOK which incorpa

il reviews and validation - in seeking to adhere to the highest standards of informa

and infegrity, an external knowledge source may indeed have the benefit of thorough peer

widesp

However, r
or whether
BOK remais

read recognition.

egardless of whether the'BOK contains knowledge which is specifically written for a
a topic is covered by an appropriate external knowledge source, the integrity and acct
1s the responsibility.of the BOK developer.

The BOK t
contain citg

pic section sheuld describe or summarize the objective knowledge inherent in th
itions whichspermit the reader to obtain more detailed information.

In the case where a BOK is broad and contains many distinct KAs, and where the depth of a BOK is
an overviey orga summary should be included within each KA, before going into detail or citing

s, arranged

ince in 5.4

hat KA may

ferences to
jal directly.

A (or topics
ion quality)
rates them;
fion quality

review and

given topic,
iracy of the

e topic and

significant,
references

for sub topjcs.,/This summary provides a useful overview of the scope and depth of each major

topic area.

This is of greatvalue foratleastthe followingreasons—— |

— practitioners in the discipline (or users of that BOK) may not require all of the in-depth knowledge of
every topic, but for the purposes of professional certification may need a certain amount of knowledge;

— the summary presents the nature and scope of the topic being treated (presumably by one or more
external knowledge sources) and provides a rationale for inclusion of each of the external knowledge
sources; this is helpful as a validation tool for readers and reviewers (and future maintainers) of the
content for that KA.

A BOK document does not need to be one self-contained, encyclopaedic work. It may achieve depth and
breadth by referring to other works, particularly when the cited works and their references are well
organized and structured.

© ISO/IEC 2024 - All rights reserved
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However, the BOK should have integrity in its resultant depth and breadth. A BOK should not simply cite a
comprehensive text which in turn contains numerous sections and topics. The BOK should itself contain the
structure of topics and subtopics, making specific references to specific topic areas in the comprehensive
text. This allows for clean separation of knowledge topics and subtopics and also allows for focused review.

In the event that a BOK is constructed or assembled using many external references to authoritative
knowledge sources, it may be considered a “Guide” to that BOK (e.g. Guide to the Software Engineering Body
of Knowledgel2l and INCOSE SE Handbook![3]).

In this case, even though the referenced articles and knowledge content are not written directly by the
developers of the BOK, the developers are still responsible for the integrity and quality of the BOK, including
selection or coverage of topics, and the selection or referencing of appropriate source material. This means
that even the content included via reference should be ver1f1ed and rev1ewed The content of the entire BOK

should be rg

competenc
should be g
considerati

The materi
an overviey
material fr
material.

Along with
selection(s)
“overlap be|

Existing lit
on Softwar]
structure ¢

viewed ar
es. In addition, when the BOK 1ncorporates materlal via external references specti
iven to ongoing maintenance and updates to the external material. Refer to 5.14\or m

Ons.

h] within the BOK and even within each KA should be properly integrated-\Each KA sho
v or a summary for each KA. An overview or a summary is especially important when
bm an external source or when blending original information with|such externally

an overview of the content (from various sources) contaiped in a KA, the ratior
of the externally referenced content should be providedZSee also guidance in 5.5
tween multiple knowledge sources”.

brature review and survey on BOKs in terms of their contents and structure such as
e Engineering Educational Context: A Systemati¢ Literature Review”[14] may help co
pntents of a BOK.

g skills and
h] attention
aintenance

uld contain
integrating
referenced

ale for the
concerning

“Open BOK
hstruct and

5.4 Professional orientation and style

The BOK (topics or KAs and the knowledge ‘therein) should be selected and described for the|purpose of
professiongl use.

While som¢ BOK may be created for othér purposes such as academic purposes, a BOK used in a dertification
scheme fo1 software and systems“engineering professionals should be oriented towards pgrofessional
knowledge

In the casq of knowledge relevant to a professional, not only “theory” but also the practical |knowledge
required by a practitionerShould be considered. This can include:

— industry, technical and commercial standards;

— practices, methods and techniques;

tools;

current quality criteria and evaluation or verification methods;

currently well-accepted empirical evidence, statistical knowledge related to the domain (various kinds

and aspects).

The BOK should also contain information for each KA which reflects the detailed and precise knowledge
needed by the professional. Information and external references should be suitable for use by professionals.

© ISO/IEC 2024 - All rights reserved
5


https://iecnorm.com/api/?name=a8f97ed8a515902fa8a591f736d586f6

ISO/IEC 24773-2:2024(en)

In the case of a BOK for a professional discipline or domain, the BOK should be reviewed by authorities
responsible for professional practice in that discipline. See also guidance in 5.10 concerning review and

validation of the BOK.

NOTE
certification

scheme which utilizes that BOK.

Validation of a BOK by a professional or regulatory body is not equivalent to validation or endorsement of a

For this reason, certification bodies considering the construction of a new BOK vs the adoption of an existing
BOK may determine that use of a recognized existing BOK may have an important advantage: the existing
BOK may already have achieved recognition and validation from professional bodies or regulatory bodies.

5.5 Sepa

ration of topics and orthogonality

Topics for 4

Within the
focused an

However, t
the BOK. F
relationshi
“configurat

5.6 Tre
knowled

The object
knowledge
needed by i

This presel
bodies, bec

Within a B
the knowle
unique to o
maintained

enume
refer td

summg
suppor

useanm
discipl

|

bUK should be orthogonal = the intention 1s to have little or no overlap between topl

discussion and presentation of each topic and sub topic area, the descriptionsho
not attempt to covey knowledge contained in other topic areas or sections,

e inter-dependencies and relationships between topics should be recognized and tre
br example, a treatment of “systems integration” as a topic may confain an explan:
b to (along with a reference to) the related topics “interfaces and subsystem/compon
ion control”, and “testing — integration”.

ment of knowledge and references to other disciplines and other basic
e domains

ve of a BOK for professionals in software engineéring and systems engineering ig
within the discipline. As mentioned in 5.4, the-BOK should contain or present the
 professional practicing with that discipline to.be fit for use from the professional st3

1ts a challenge to those who are responsible for the production of a BOK and to @
huse the scope of both should be deterniined with respect to supporting and related ¢

DK written for the systems and software engineering discipline(s), it is impractical tc
dge about the supporting disciplines. Further, the knowledge regarding these discip
I originating within the disciplines of systems and software engineering - they are aut
elsewhere. Therefore, a BOK covering the disciplines of systems and software enginee

rate the supporting disciplines;
existing authoritative BOKs or authoritative references for each supporting disciplin

rize within ¢he’software engineering or systems engineering BOK the relation
ting disciplines to various topics and KAs in systems and software engineering;

ore defailed explanation (and more specific reference) to a knowledge source in one of
nes(where one is needed within a systems or software engineering topic or KA.

s or KAs.

uld remain

hted within
hition of the
ent design”,

to present
knowledge
ndpoint.

ertification
isciplines.

include all
lines is not
horitatively
ing should:

€;

ship of the

the related

Presentatid

£1 lad iela s 43 laotad s 13l | 3 3 1 +la H 1
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reference to) knowledge from other disciplines, mathematics and sciences.

usion of (or

Concepts, terms and facts from other disciplines should be introduced or referenced in order to convey their
application in software or systems engineering KAs. The terminology and concepts from the other discipline
should be accurately used or referenced within a systems or software engineering BOK, but not covered in depth.

5.7 Objectivity and verifiability

Source knowledge material and references should be written as true factual statements, written objectively
and where possible backed up by supporting references, including origin and authorship of referenced
source materials.
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Subjective statements, opinions and unsupported or unverified content should be avoided.

5.8 Presentation of practical knowledge versus pure theory

Where a BOK is presenting information or knowledge relevant to professionals, it is possible that the
material is not entirely proven. It may be the case that practical topics or knowledge are presented as current
accepted practice, not as pure knowledge which has been proven beyond dispute. Such caveats should be
annotated to these descriptions.

In such cases where practical knowledge is presented, various approaches or applications of theory may
apply. Different schools of thought may exist and be accepted within the profession. Methods and techniques
may be introduced in industry by professionals, but may not be proven or valid in all contexts. These should
be presented as widely accepted or credible views, not as proven fact.

5.9 Bibli

While a BO
5.3). The cq
for the read

The referen

5.10 Valig

The BOK f
validated.

Where pos
scholarly p
profession3

Reviews sh
should

NOTE
well as

may bg
orthog

of a KA

of a KA
that K/

should

ography and referenced source materials

K may reference external documents and source materials, the referencing should be |
mplete bibliographic information should be contained within the BOK in order to m3
er and reviewer.

ced external source materials should also be available to the public.

Jation of BOK

br systems and software engineering disciplines shoild"be authoritative and thus

sible and especially where BOK topics make 4is¢” of external reference materials
hpers, conference proceedings), such materials.ishould be reviewed and accepted in ac
| sense.

puld occur during development. A review:
include experts and various stakeholders;

Stakeholders for a BOK can iriclude academics, professional bodies, employers and indust
echnical experts and individualprofessionals.

done on a per KA basis, provided the BOK is well structured and the topics are
bnal;

should include/the’summary text for that KA as well as the detailed content;

should include verification of all cited external references, and the rationale for in
)

also.be held at the time of BOK / KA integration, in order to:

brecise (see
ke it easier

should be

(e.g. texts,
ademic and

ry groups as

reasonably

rlusion into

h 1> C ] ] : A D 1 1 4 s e oo 1ZA
— ChecTKTor UCTPTIIUCTIUITS, TTIAUUILSITIPS, UVETIAdPS Ul CUIILT AUIULIUILS UCLWTECTIT INAS,

— check for missing or duplicated content;

validate the BOK as a whole.

5.11 Maintenance of BOK

The BOK can contain (directly) a great deal of knowledge and factual information which is superseded or

made obsol

tools;

ete. For example, frequently changing knowledge can be related to:

— techniques;
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empirical evidence or statistical data related to the discipline and practice.

In order to be of value in the long term, the BOK should be modular in design and maintainable in the first
place. In addition, planning and preparation for maintenance (correction or addition of content), updates
and reviews should take place prior to the publication of the BOK. This strategy helps to keep the BOK up to
date on an ongoing basis and is preferable to an ad-hoc or irregular approach to updates.

Maintenance should include provision for feedback and corrections from BOK stakeholders and BOK users
after publication. Following the strategy of planning in advance for maintenance, the published BOK itself
should contain a declaration of BOK maintenance policies, and information which provides instructions for
users regarding the feedback mechanism.

The certification body is responsible for maintaining all elements of a certification scheme. See
[SO/IEC 17924:2042-8-5fertherelevantrequiremen +

] i
JIUVUILD LI IreIiIcvarIitt \4\1\.&!1 CITICIIC,.

Consequen
that the ch
(including 4
referencing
The changs
(examinati

[y, the updates and maintenance of the BOK should be done under controlled-step
hnges to the BOK are consistent with changes to the other elements of the certificat
cope). The certification body should evaluate the impact of any change to the BOK (in
external sources or BOKs which may have changed) upon their operationalcertificat
s to BOK content should be reviewed and approved. Other elements 0fithe certificat
bns, job review, competency definitions and assessment methods) shotlild be re valida

the updatedl BOK prior to implementing a change to the certification scheme(as a whole.

The issues

review

fo consider with respect to BOK updates and changes include:

and approval of the new BOK version;

planni

planni

6 Recor

6.1 Skill

When cons
relationshi
relationshi

Skills can b

Skills can
intended rd

Thus, if a cq

g, scheduling and promotion of the introduction of@new version;

planning, scheduling and promotion of the retirement of an old BOK version;

g and support for any overlap in use of the old and new BOK versions.

hnmendations — Description of skills

5 are related both to knowledge and competency

jdering and defining skillsiin the domain of systems engineering and software engiy
b of each skill to both.knowledge and to competency should be examined. Figure 1
D.

hlso be refated to competency, which is the ability to apply knowledge and skills
sults.

rtification body is considering skills definition, it can be helpful to use as a starting p|

5 to ensure
ion scheme
luding KAs
on scheme.
ion scheme
ted against

leering, the
Hepicts this

e related to knowledge in the sense that a skill can represent the application of knowledge.

to achieve

oint:

a BOK,

1T 1T already exists; 1or each KA or topic 1n the BUK, one may consider: how IS this

applied?”;

knowledge

— a set of tasks, or work products as a starting point; for each task or work product, one may consider:
“what skills are involved or required in performing this task or producing this work product?”.

The required skills and their performance levels should be enough to fulfil the competencies required by
a scheme. The underlying BOK should cover the knowledge required to execute the skills at the required
performance levels.

“Generic competencies” and "Other professional competencies” are described in 7.6 and 7.7. The certification
body may define these specific abilities in the Scheme. The certification body may choose to define these
abilities as skills, following the guidance in this clause.
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6.2 SKkills are acquired and developed

Some general (abstract cognitive) skill categories include:
— reasoning;
analytical skills;

problem solving;

innovation.

However, a certification body should identify in the certification scheme those practical skills (in areas such
as systems analysis, software construction, testing) in the professional domain which are more closely

related to specific KAs and competencies as appropriate for the certification scheme.

Skills are npt intended only to reflect pure knowledge, but they can be viewed as the sucgéssful
of such knowledge.

For example, while a BOK may contain a KA related to software testing, and mdy include kn
certain tesfing standards, testing techniques and testing tools, the practical skills associated

may include:

— ability to identify when a particular standard or test technique is need€d;

— ability fo write a test conforming to a standard;

— ability fo successfully apply or use a tool to implement a test.

6.3 Skills differ from individual (personal) attributes

Personal attributes like honesty, work ethic, cooperative attitude may be identified as
certificatiop scheme and form part of assessment.of@ candidate. However, while such person
may be observable, they may be difficult to evaluate consistently and objectively. These persona
are also difficult to relate objectively to software engineering and systems engineering compe
additional dliscussion of individual personal attributes, refer to 8.1.

6.4 SKkills have performance leyels

Skills are defined but the performance of a particular skill varies from individual to individual. P

levels are defined for a given skill and this relationship is depicted in Figure 1.
When definfing and describingan individual skill, levels of performance for that skill should be consi

3

application

owledge of
vith testing

art of the
attributes
| attributes
tencies. For

brformance

Hered. Since

it is assumgd that a skill ‘tan be acquired or developed,[3] it is expected that an individual may gajin that skill

incrementally. In othér'words, the description of a skill can take into account some ability at one p|
level (say at a minimum performance level or nominal performance level), while the descriptio
addresses the highest ability, which corresponds to the highest performance level defined for that s

erformance
n then also
kill.

6.5 Gro

Skills can be defined in groups or hierarchies, so that more specific skills can be addressed as part of a group

of skills. This flexibility allows the certification body to add detailed skills of interest to the c

ertification

scheme. However, a certification scheme should contain not only very detailed and specific skills, but also
broad skills and competencies, since the nature of software engineering and systems engineering domains

is broad.

© ISO/IEC 2024 - All rights reserved
9


https://iecnorm.com/api/?name=a8f97ed8a515902fa8a591f736d586f6

ISO/IEC 24773-2:2024(en)

Existing skill and competency frameworks in software and systems engineering (such as SWECOMUI and
INCOSE Competency Framework[13]) and general ICT (such as e-CF[16], SFIA Framework[17], and iCD[18]) may
help identify specific skills and competencies.

NOTE ISO/IEC 24773-3[19 contains requirements for skills in certification schemes for systems engineering
professionals. ISO/IEC 24773-4[20] contains requirements for skills in certification schemes for software engineering
professionals.

6.6 Maintenance of skills definitions and performance levels

The certification body is responsible for maintaining all elements of a certification scheme. See
ISO/IEC 17024:2012, 8.5 for the relevant requirement.

nents of the
definitions
bnd greatly

The certifigati Tews; Tl =

certificatiop scheme, including the skills definitions and performance levels. The detailed skills
and associgted performance level criteria defined and used in a certification scheme canh dep
upon technjical knowledge, tools and technology which may be superseded or made obselete.

As with the other elements of the certification scheme, the skills definitions and shotild’lbe modular in design
and maintgdinable in the first place. In addition, planning and preparation for maintenance (cqrrection or
addition of|content), reviews and updates of skills and performance levels should take place regularly.

Maintenange should include provision for feedback and corrections from experts and stakeholders.

The changes to skills definitions, performance levels should be reviewéddnd approved. Other elerpents of the
certificatioph scheme (examinations, job review, competency definitions and assessment methodg) should be
re validatedl against the updated skills definition prior to implementing a change to the certification scheme
as a whole.

The issues fo consider with respect to skills definition updates and changes include:
— review| validation and approval of the updates togskills definitions;
— review|of any required changes to BOK KAs @r competencies;

— validatjon of updated skills definitions *with respect to competency definitions and pssessment
techniques;

— planning, scheduling and promotieh of the introduction of the updated skills with a new rejease of the
certifidation scheme;

— planning, scheduling and.promotion of the retirement of any older version of skills definjition (older
version] of certificatiomscheme);

— planning and support for any overlap in use of the old and updated skills definitions (new gertification
schem¢ release):

7 Recominendations — Description of competencies

7.1 General
Competencies are related to both knowledge and skills. This relationship is depicted in Figure 1.

A skill can represent the performance of a simple action, the production of a single work product, or
completion of a single step within a complex sequence. In contrast a competency can represent the
completion of a complex activity, or the achievement of a larger goal (with broader scope than a single action
or single step requiring the application of a skill).

Competencies can incorporate the application of multiple skills and knowledge, because these are all needed
in order to complete the more complex activities and achieve larger more complex outcomes/outputs.
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The certification body should take care to verify that all competencies defined are consistent with, and
sufficiently supported by the skills and KAs defined in the certification scheme.

The required competencies and their proficiency levels should be enough to fulfil the required tasks.

As defined in ISO/IEC 24773-1, competencies are closely related to major functions activities and tasks
performed by the professional.

Competency involves the successful completion of a set of activities or steps, where the output or result is as
expected at the professional level.

Merely performing a series of steps or activities, and completing them, does not imply competence. A person
who is non-competent may perform activities or steps and may apply certain skills and knowledge, but may

not achieve

the successful outcome defined for that competency.

In order tg
knowledge

level of quallity expected of a professional.

In some si
example, “d
UML: conve

In other c3
knowledge
be a compe
verificatior
judgement
risks and d

A given corj
more than

title are no
certificatio

description.

perform and complete an activity and successfully produce a result or outcone
are applied. Judgement may need to be applied to complete the activity successfully a

nple cases a competency may be described clearly by relating it tosa‘\very specif
reating a class diagram” is a smaller scale competency which may invelve skills quite
ntions and a diagramming tool.

ses, a competency may be defined which require various\(broader higher level]
from several knowledge/topic areas. For example, “plannjng software assurance actj
tency which involves knowledge of security, software design, software constructior
and validation. It may include knowledge of relevantyeriteria and standards, and
pf the professional regarding the project specific context (scope of the system, the en
bmain specific criteria).

hpetency can be related to, or required in, a.cértain job. A given competency can be
bne job. However, the names and definition of jobs and the competencies required for
F defined in the ISO/IEC 24773 series and.are not required elements of a conformant s
h body should define competencies clearly without referring to specific jobs or job

7.2 Gen

Since compktencies are more closely related to specific tasks and specific work products, it can b

approach t
profession3

A certificat
as softwar
of the certi
the certific
by the cert

ral objectives in describing competencies

e competencies from ‘the viewpoint of “what should the certificant be able to accom
1 level.

e engineerifigor systems engineering professionals within a certain domain - the
fication scheme itself should contain a declaration regarding the nature of the “task’
htion schieme (see ISO/IEC 24773-1:2019, 6.2.1 and 6.2.2). Then the set of competend
fication scheme should be consistent with the nature of the activities to which the @

skills and
nd with the

c skill. For
 specific to

skills and
vities” may
, as well as
involve the
vironment,

required in
a given job
cheme. The
itles in the

e helpful to
blish” — at a

ion scheme is.defined with respect to a certain scope, for a particular set of certificafts working

description
or focus of
ies defined
ertification

scheme is f

pelsed.

Competencies may be grouped into competency areas. Competencies should be defined which apply
to professionals across the professions of systems engineering and software engineering, and not be
tied specifically to a specific concrete job title or job description (see 7.3). Professionals in the fields of
systems engineering and software may possess a set of competencies, regardless of their current job
title or employment. For this reason, a certification scheme should define and assess a broad spectrum of
competencies.

The scope declared for a given certification scheme may not cover all the systems engineering competencies
described in ISO/IEC 24773-3, or the software engineering competencies described in [SO/IEC 24773-4.

However, it is a general objective for a certification scheme that all competencies within the scope of that
scheme be declared and defined.
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A competency shall be associated with appropriate proficiency levels (see ISO/IEC 24773-1:2019, 6.5.3)
and see also 7.8 and 7.9). This also means that a given competency can be defined which allows for various
outputs or outcomes at various proficiency levels.

7.3 Separation of competencies from titles or roles within organizations

Competency definitions may be related to job titles/roles. Within the context of a competency definition
the system or software engineering professional who meets the criteria (proficiency level) defined for that

competency should:

produc

perform certain tasks;

e certain deliverables;

make d

achievg

However, j
with a parf
technologie
employers
competenc
tightly bou

Many job d
for the job,

Certification bodies may define skills in their schemes in gvder to address the use and applicat

specific tog
and the apy

However, the certification body may define competeéncies in order to address the broader tasks 9

which may
outcomes

A role or jg
authority v
to perform

and systems engineering professionals may include making large scale strategic engineering

reviewing ¢
standards;

However, i
functions. ]
even if they
of a managg

ecisions or evaluations;
results.

bb descriptions within industry may also associate these tasks, deliverables an

s, or even specific work products. However not all job titles are standardized, and
may vary the particular job description over time. For this reason, it is appropriat
es for software engineering and systems engineering profesSionals in a manner w
nd to an industry job title or an employer specific job description.

bscriptions in industry are brief and may focus on listing'specific tools or technologi
and not the broader aspects of a software or systems eéngineering competency.

Is or technologies. A skill can be defined to cover'the ability to apply a specific tool of
ropriate specific output from the application-of that tool or technique.

involve the application of many skillspand which may involve judgement in order to
ssociated with that competency.

b title may also be associated.with various management functions, and with decis
Fithin an organization. At higher levels of competency, engineering professionals ar

nd improving quality; research and development; and mentoring of other professiona
and evaluating the work of other engineering professionals.

h some engineéring organizations, managers are appointed to perform some or
'hey may-hé given job titles and authority, which can imply a high level of engineering c
do notaetually possess the appropriate engineering competencies. For this reason,
r onlfemployee should not be used as an indicator of engineering competence, and the ¢

1 decisions

icular role or job title. A role or job title may be associated with certain specific deliverables,

individual
e to define
rhich is not

es required

ion of such
technique;

I activities,
satisfy the

ion-making
e expected

functions beyond the simple application of a skill. The higher-level competencies f¢r software

r decisions;
Is; defining

1l of these
pmpetence,
the job title
ertification

body shoul

l.d€fine competencies without direct reference to job titles.

7.4 Lower-level competencies and work products

As mentioned in 7.1, skills can be defined by the certification body and associated with the production of
smaller individual work products. Work products in software and systems engineering vary in scale and
complexity. For example, the term work product can be used to refer to a simple configuration status report,
or it can be used to refer to a completed sub-system.

Competencies are suitable and appropriate when related specifically to larger broader outcomes and results
(such as the implementation of an engineering lifecycle process, or the successful completion of a sub-
system).
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The certification body defines specific skills and competencies for the certification scheme, and so may
choose to associate a skill or a competency with a specific work product.

In order to be effective, a competency definition that refers to a specific engineering work product should
use an industry standard definition of the work product, and any work product attributes.

7.5 Use of external competency definitions

The certification body is faced with the responsibility of defining competencies of software engineering or
systems engineering professionals covered within the scope of its certification scheme. However, if external
competency definitions already exist the certification body may reference them.

All competency descriptions should be associated with proficiency levels and evaluation methods, so the
certificatioh body should address these if referring to externally written competency descriptions.

7.6 Gengric competencies
A professiopal requires ability beyond the technical skills which are most frequently‘cited.

Generic cor]
the individ

hpetencies are generally non-technical in nature and can be acquired,\practiced and inproved by
hal professional. The competence may be essential in certain roles-

ISO/IEC 24

All professi
or business

generic competence beyond those listed as requirements in ISQ/ZIEC 24773-1.

A certificat
work with

pnals should possess generic competence, in order to work effectively with othersinafp

F73-1:2019, 6.5.6 contains the requirement(s) for generic competéncies at a minimum

environment. The certification body should include in-the certification scheme somjg

ion scheme can address relevant generic competénce needed by the targeted profg
folleagues, managers, clients, and peers in a business and professional engineering en

rofessional
b additional

ssionals to
vironment.

Generic corppetence can include:

commynications skills, including writing and presentations;
negotigtions and business/professional relationship management;
team ldadership, cultural sensitivity;
time mpnagement;
awareijess of professional ¥egulations, obligations;41.[6].[71.[9].[10]
awareness of professional ethics;[4].[6].[Z].[9]

sustairn
engine

ability and environmental impact awareness, and incorporation of these considefations into

bring practices; 47119

awarel|

e$s of equity, and other social development principles.[41.[Z].12]

These competences are not unique to systems engineering and software engineering professionals, but
they are common to all professionals and therefore should be part of any certification scheme which targets
professionals and therefore should be part of any certification scheme which targets professionals. For this
reason, not all generic competences are specified or listed in detail as requirements of ISO/IEC 24773-1.

See also 8.1.

The certification body may choose to treat generic competencies as "skills" rather than "competencies".
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7.7 Other professional competencies

ISO/IEC 24773-1 contains general requirements related to the inclusion of competencies in the certification
scheme. ISO/IEC 24773-3 and ISO/IEC 24773-4 contain specific technical competencies related to systems
and software engineering respectively.

Other professional competencies, similar to technical competencies, require the application of knowledge,
skill, experience, and judgement based on other professional disciplines outside of software and systems
engineering. Other professional competencies are related to the practice of engineering, not individual skills.

Certification bodies can define and incorporate into the certification scheme other professional competencies
beyond those required by ISO/IEC 24773-1.

Other prof;
competenc
competenc

Other prof]
application|

ssional competencies can-be cludec : certification-scheme to cove engineering
es (in other disciplines) such as contracts, economics and finance, or marketing, if these
es are required for the activities of the targeted professionals in software or systems ejngineering.

essional competencies can also be defined with an emphasis on the ohgoing practice and
of certain skills, knowledge and judgement in making better decisions,and obtaining outcomes

which bengfit the profession, stakeholders, the environment and society as a whaole,

Examples df other professional competencies include:

competencies in other professional (non-engineering) disciplines suchvas contract law, ecohomics and

financd;

)

respongibility for planning, executing, managing one’s own CPD, learning and self-development;

mentoring, development of colleagues and other professionals;

development and advancement of the profession.

The UK St3
description
behaviour,

ndard for Professional Engineering Comfietence and Commitmentl8] contains a usg
of various “areas of professional competence”. These include technical competencies, 1
Fesponsibility and commitment.

ful general
rofessional

The certification body may choose to treat other professional competencies as "skills" rather than

"competengies".

7.8 Profjciency Levels

The certifid 773-1:2019,

5.5and 6.5

ation scheme shalldeclare and describe the proficiencylevel definitions. See ISO/IEC 24
3 for the relevantrequirement.

bs, for each
fic meaning

In addition|
specific cof

to generahydescriptions of proficiency levels, the certification scheme also describ
hpetency,the proficiency level(s) which apply to that competency, and also the speci
ent criteria (at each proficiency level) for that competency.

and assess
For the sanpe.¥eason as explained in 7.3
roles within organizations.

, proficiency levels should also be defined separately fromn titles and

The certification scheme may use an externally defined competency model and may also use the proficiency
level definitions in an externally defined model.

NOTE One example of an externally defined competency model which contains proficiency level definitions is
SWECOM.[I In the SWECOM model, the proficiency levels are referred to as “competency levels” (named Technician,
Entry Level Practitioner, Practitioner, Technical Leader, and Senior Software Engineer). The general levels are
described in SWECOM and associated with typical roles and jobs. See also discussion about proficiency levels and
titles in 7.3.
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Proficiency levels can be defined and utilized in several ways by a certification body within a scheme:

a)

a standard structure or rating for proficiency levels applies to all individual competencies (e.g. there is a

base definition for proficiency level “3” which is consistent across all individual competencies);

b)

a standard for a summative proficiency level for the professional (i.e. at summative proficiency level “3”,

the professional is defined to have attained at least a minimum appropriate proficiency level in each of
the following individual competencies...).

Years of experience should be de-composed into meaningful activities, achievements, development of skills,
demonstration of appropriate judgement. This implies that the certification scheme should not directly
include “years of experience" in its competency definitions and proficiency level definitions.

This is pa
population
experience
year of exp
for another

7.9 Mair

All element
standards

When a ce
assessment
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Any updatg
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As with thq
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(correction|
should take

of professionals in software engineering and systems engineering. The nomin

erience (for one given professional, with one given employer) is equivalent to a‘year of
professional.

Itenance of competency definitions and proficiency levels

s of the certification scheme should be maintained, reviewed and kept up to date wi
see also 5.11 for maintenance of the BOK).

rtification body incorporates and references externally~defined competency defi
criteria, these should be reviewed, validated before incorporation. Since an externg
i definition may change, the certification body showld constantly monitor changes, a
pf any changes.

s or potential changes to the competency definition(s) and associated proficiency le
d and all other elements of the certification‘\scheme should maintain consistency if g
mented.

cation body is responsible for maintaining all elements of a certification s
24:2012, 8.5 for the relevant requirement.

ation body should plan for regular reviews, maintenance and re-validation of all elen
h scheme, including the comipetency definitions and proficiency levels. The detailed ¢
and associated proficiengy level criteria defined and used in a certification scheme

n technical knowledge, a particular domain of practice, techniques and technology
or made obsolete.

e other elements/of the certification scheme, the competency definitions and profic
modular ip;"design and maintainable. In addition, planning and preparation for m
or addition of content), reviews and updates of competency definitions and profic
placexregularly.

Maintenan

esshould include provision for feedback and corrections from experts and stakeholde

ticularly important for a certification scheme, which is meant to he valid across the vast

hl years of

reported by a given professional may be significant, but there is no method of-ensyring that a
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The changes to competency definitions, proficiency levels should be reviewed and approved. Other elements
of the certification scheme (BOK or KAs, job review, skills definitions and assessment methods) should be
re-validated against the updated competency definition prior to implementing a change to the certification
scheme as a whole.

The issues to consider with respect to competency definition updates and changes include:

— review,

— review

validation and approval of the updates to competency definitions;

of any required changes to BOK, KAs, or skills related to the changed competencies;

— validation of updated skills definitions with respect to competency definitions and assessment
techniques;
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planning, scheduling and promotion of the introduction of the updated competency definitions with a
new release of the certification scheme;

planning, scheduling and promotion of the retirement of any older version of competency definition
(older version of certification scheme);

planning and support for any overlap in use of the old and updated competency definitions (new
certification scheme release).

8 Other general recommendations

8.1 Individual attributes

ndividual personal attributes are those individual characteristics and behaviours w]Lich are not
addressed or required at the level of professional qualities or behaviour.

In general,
specifically

cion of such individual attributes enables the professional to work with others; and to
environment. In some cases, the lack of such individual attributes)\can preven
re of work and professional activities.

The posses
in a work
performan

participate
t adequate

Examples df individual attributes include:

honest

y, integrity or trustworthiness;
initiatiye;
self-coptrol and self-awareness;
positive attitude, enthusiasm;
basic spcial skills and courtesy;
basic communications;
team of group interaction;

respect for others, cultural sensitivity;

emotiopal intelligence.

1.

Individual j

However, s
can be desd
individual 4

personal attributes dre not directly addressed by the requirements in ISO/IEC 24773-

bveral “generic€competencies” are mentioned in ISO/IEC 24773-1:2019, 6.5.3, and so
ribed as inditridual attributes. Subclause 7.6 contains a discussion of the generic comp
ittributesavhich are required.

me of these
etencies or

specifically

In construgting the certification scheme, a certification body may (but is not required to)
define individual attributes required of candidates. However, these should be considered and included
as requirelt']lents in the certification scheme, if they play a valid role in the professional behaviour and
performance of a certificant in the domains of software engineering and systems engineering. If the
certification scheme defines individual attributes and includes them as requirements, these individual
attributes should be expressed in a way that is observable and assessable.

NOTE Ethical and principled behaviour by an individual is not easily defined and is not included as a potential
individual attribute in the above list. The inclusion of a code of ethics in the certification scheme is mandatory (see
ISO/IEC 24773-1:2019, 6.6) and such a code can be simpler for the certification body to define than an individual
attribute relating to ethical and principled behaviour. The inclusion of such a code within the certification scheme
implies an understanding of that code — and an agreement to comply with that code — on the part of the certificant.
However, such a code can cite principles, and is not necessarily written in the form of individual attributes to be
assessed. More guidance concerning the code of ethics is provided in 8.3.
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