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Abstract. The ISO/IEC 17024:2012 describes best-practices regarding compe-
tence assessment. The standard emphasizes validity and sound processes to create
high-quality competence assessments. The question is how to comply with the
ISO/IEC standard when creating large-scale, worldwide assessments. In addition,
the competence framework describes competences that require years of experi-
ence as part of the competence. We determine to what extent of mastery candi-
dates need to master the competence to start working. We assess this by testing
the requisite knowledge with a multiple-choice exam and the required minimum
level of mastery of the competence with a Practical Assignment. This assignment
is assessed by trainers, which creates the need for supervision and accreditation
of the trainers. This paper shows an example of a certification scheme to explain
how we comply with the ISO/IEC standard. The creation of the certification
scheme and the accreditation of the trainers are described. The compliance with
the ISO/IEC standard is explained.
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1 Introduction

1.1 Testing Competences

Competences are a combination of knowledge, skills and attitudes [1, 2]. Testing knowl-
edge can be done fairly easily, by using multiple-choice exams. Testing competences is
more complex.

Proving that a candidate masters a competence is difficult. Some competence frame-
works describe a competence by defining the knowledge, skills and attitude of a profes-
sional working in that area for a longer period of time. The e-CF framework for ICT
competences [3] that we work with is one of those frameworks. Even though the compe-
tences are described for professionals with at least 5 years of experience, a professional
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starting out in a job is not completely void of any competence; rather they master part
of the competence as described in the framework. Employers still want to know in which
competences a professional has started working towards complete mastery. Therefore,
exams can be designed in a way that allow candidates to show their partial mastery.

Sometimes, this means that the exams need to give the candidates the opportunity
to show that they have the requisite background knowledge. In that case, we can show
the partial mastery with a multiple-choice exam. In other cases, a professional needs to
show that they master basic tasks, have the requisite background knowledge and have
an adequate attitude, to work towards full mastery of the competence. Consequently,
some certification schemes will incorporate only multiple-choice exams, while others
will have a mix of both multiple-choice exams and practical assignments.

For example, when creating an exam for a starting Scrum Master, it must be deter-
mined to what extent a described competence must be shown by a starter. Suppose that
a relevant competence states that the candidate: “Takes proactive action and develops
organizational processes to address the development needs of individuals, teams and the
entire workforce.” (Manage, D.9. Personnel Development, level 4) [3]. It might be rele-
vant for employers to attract a starting Scrum Master that has shown that she knows how
to take action to help individual team members to develop their competences. The
proactivity and the team needs could only be relevant for professionals with a few years
of experience.

When testing partial mastery of competences, the test goal and exam specifications
must specify exactly which competences are tested to exactly what extent. In addition,
it must be explained why the experts judge the partial mastery to be enough for starting
professionals. In some cases, it might be that showing the requisite knowledge is enough
to start working. We take a pragmatists view to competence testing in this case.

For instance, suppose that we want to create an exam that shows that a Software
Developer can start developing in PHP. It is judged enough to test whether the candidate
has the necessary knowledge. Suppose that a relevant competence is: “Acts under guid-
ance to develop, test and document applications.” (Build, B.1. Application Develop-
ment, level 1) [3]. The same competence asks for the following knowledge components:
“The candidate is familiar with

— the appropriate software programs/modules;

— hardware components, tools and hardware architectures;

= [etc....]” (Build, B.1. Application Development, Dimension 4, 1* 2 knowledge
examples) [3]

In this case it is reasonable to test whether the candidate knows enough PHP to start
coding under guidance of a more experienced coder.

1.2 Worldwide Examination

When assessing competences all over the world, a few challenges are introduced.
Firstly, the validity of the certification scheme must be proven in an international

context. We do this by collaborating with international subject matter experts and training

providers, but it stays important to test localizations for validity within that local context.
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Secondly, when competences are tested, training and practical assignments are
always part of the certification scheme. However, trainers and supervisors are not EXIN
employees, so that we can maintain impartiality. As a certification body, we are respon-
sible for assessing and scoring. By allowing the trainers and supervisors to act as asses-
sors, we outsource part of our work. The challenge lies in ensuring that competent and
honest trainers and supervisors do the assessments.

1.3 Large-Scale Assessments

We sell around 150,000 exams per year. Most of these exams are exams that only test
the requisite knowledge of candidates to start their professional careers. These are
multiple-choice exams. About 64 % of these exams are taken online using Online Proc-
toring. The candidate is required to log onto a secure web-environment, show proof of
identification and to allow that for each exam sound and video are recorded. All videos
are looked at fully (on high-speed) by an employee to signal any indication of fraud.

The other 36 % are paper-based exams. These exams have bubble-sheets that allow
for automated scoring of the exams. The forms are read in by scanner and email, or by
mobile application through a photograph. Only supervisors are allowed to send in the
exam forms.

The scoring of practical assignments cannot be automated, because the criteria
always need to be interpreted by an expert. However, we are in the process of allowing
trainers or assessors to directly input their scoring of the individual candidates into our
database. As of the writing of this paper, this is not fully done yet. Currently, supervisors
and trainers score the candidates on paper, using the provided observation criteria, and
only report the result (passed/failed) to our database. Changing this will involve training
the supervisors and trainers to use the system correctly.

2 The ISO/IEC 17024:2012 Standard

The ISO/IEC 17024:2012 standard [2] describes best practices regarding assessing
competences. As an exam institute, it is important for us to be ISO/IEC 17024:2012
certified. Not only does certification give us more credibility as an exam institute issuing
certificates, we are also genuinely concerned with quality and think that the ISO/IEC
standard reflects best practices.

In this paper we will define certification scheme as it is described in the ISO/IEC
standard (Article 3.2) [2]: the “competence and other requirements related to specific
occupational or skilled categories of persons”. In a certification scheme, all require-
ments, that a candidate needs to fulfill before obtaining a certificate, are described.

For the purposes of clarity, exam is here defined as a multiple-choice test of the
knowledge of candidates on a certain topic. Assessment, is defined as any test that allows
a candidate to demonstrate their extent of mastery of a competence.

The ISO/IEC norms do not always specify exactly which processes you need to
follow. While getting certified, additional questions were asked about the processes of
creating the certification scheme, maintaining impartiality whilst working with a select
few experts and ensuring high validity exams.
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We will shortly discuss the ISO/IEC 17024:2012 papers that elicited questions, to
show what auditors asked after most (in our case). A short definition of validity, that we
can agree with, is given as well, since the ISO/IEC standard does not define the concept
of validity.

The NEN-EN-ISO/IEC 17024:2012 standard [2] is a best-practices guideline when
creating the certification scheme. However, although it gives recommendations on what
elements regarding the certification scheme must be described (ISO 17024:2012, Paper 8)
[2], it does not give practical guidelines or examples.

Specifically, there is no information in the standard on creating large-scale and
worldwide competence assessments, nor on how to deal with testing partial mastery of
competences. For us, it was difficult to justify exactly how we complied with the
ISO/IEC standard, even though we felt we were on the right track. We show how one
might argue this compliance. We show a real example of a certification scheme used for
worldwide competence assessment. We also describe how we have solved the issue of
taking full responsibility for the quality of the assessment, while outsourcing the assess-
ment.

2.1 Compliance with ISO/IEC 17024:2012

The ISO/IEC 17024:2012 standard [2] is quite extensive and, therefore, this paper does
not cover all parts of it. However, three of the papers are relevant here: Paper 8 regarding
the validity of the certification scheme, Paper 5 regarding the impartiality of the certif-
ication body and Paper 6 regarding outsourcing work.

Validity. ISO/IEC 17024:2012 states that:
“A certification scheme shall contain the following elements:

(a) scope of certification;

(b) job and task description;

(c) required competence;

(d) abilities (when applicable);

(e) prerequisites (when applicable);

(f) code of conduct (when applicable).” (Paper 8.2) [2]

These elements in the certification scheme help build a validity argument (see also
Sect. 2.1). These instructions also underline the importance of specifying the partial
competences tested, complete with a specification of the knowledge and skill elements
that need to be mastered (and thus tested). The example will show one way of building
these elements.

We define a valid exam as an exam where the score yields information that you can
use to make decisions about a candidate [4, 5]. Validity can be made plausible by
showing the link between all tasks the candidate may encounter as a professional, the
competences necessary for performing those tasks and the chosen questions and assign-
ments for the certification scheme [5, 6] as described in the test goal and the exam
specifications.
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We ensure validity of the certification schemes by allowing professionals (often
subject matter experts) and trainers to be involved in the creation of the scope, the job
and task description, the required competences and abilities. In addition, we discuss the
prerequisites and codes of conducts for certification with subject matter experts.

Impartiality. In order for candidates to be assessed fairly, it is often recommended to
separate the training provider and the certification body [7-17]. EXIN is an independent
certification body and does not provide training to candidates, which makes it easy to
comply with the ISO/IEC 17024:2012 (Paper 5.2), which states that “Offering training
and certification for persons within the same legal entity constitutes a threat to impar-
tiality [2].”

Since we do not train candidates, there is absolute impartiality; we do not benefit
from candidates passing or failing assessments. However, not training candidates also
means that there are no opportunities for our employees to come directly into contact
with candidates during their performances for their assessments. This means that we
need professionals and trainers to help us ensure validity, and thus we need to outsource
part of the work on a certification scheme.

QOutsourcing Work. According to the ISO/IEC 17024:2012 standard, the certification
body remains responsible for the outsourced work and thus must “ensure that the body
conducting outsourced work is competent and complies with the applicable provisions
of this International Standard;” (Paper 6.3.2.b) [2]. A challenge lies in ensuring that
assessors that you rely upon to assess a candidate’s performance are competent and
comply with the rules you have set for the assessment.

We ensure that assessors comply with our rules by accrediting our training providers,
training the trainers and auditing them on a regular basis. In order to ensure competence
of the assessors, we ask for work experience in a relevant area, references that confirm
the work-experience and the successful completion of the exam that they will assess.
Trainers with ample work experience in a relevant area are exempt from the mandatory
training and practical assessment. Other candidates never are.

3 Example: EXIN Agile Scrum Master

This part of the paper will give a description of the processes used to create the certifi-
cation scheme for Agile Scrum Master. Please note that the certification scheme was
still in development whilst writing this paper. All examples given are subject to change
during the development, but they do reflect an example of what the final product could
look like. The processes followed to create this certification scheme give insight in how
we deal with maintaining impartiality, ensuring validity and outsourcing work regarding
the creation of the certification scheme and the assessment of the candidates.

3.1 Certification Scheme

The Preparation Guide is our central documentation of the certification scheme. This
guide is freely available to anyone on our website. It contains all elements for a
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certification scheme as listed by the ISO/IEC 17024:2012 standard. Candidates and
trainers can refer to this document to prepare for the assessments.

Scope of Certification. Agile Scrum is a project management method for software
development. A small team (3-9 people) works in short iterations of time, to deliver
new functionality. Every new iteration, the list of requirements for the software is
updated and prioritized. This creates great flexibility for the customer.

Scrum knows three major roles: Product Owner, Scrum Master and Development
Team member. The team is self-managing. Therefore, there is no need for a traditional
project manager. Instead, the Product Owner is the voice of the customer and helps
prioritize features for the next iteration. The Scrum Master coaches the team to be self-
managing through servant leadership and training. A Scrum Master also keeps track of
the progress of the project.

Process. The scope of the certification is determined based on market research. A
survey was sent out under 54 partners (mostly training companies) and candidates, to
generate the scope of the exam. Allowing our partners and candidates to give input on
new certification schemes shows the market value and adds to the validity.

Test Goal. The goal of the Agile Scrum Master certification scheme is to gather enough
information on the competences of the candidate to determine whether a candidate is
ready to perform the desired tasks to the desired level, and thus deserves a certificate.
This means that a candidate with an Agile Scrum Master certificate must be able to
function in the role of Scrum Master. The candidate is not expected to master the
competences as a professional with a few years of experience would. Rather, the candi-
date must show that she has just enough competence to start working as a Scrum Master
for the first time. In addition, the candidate must show that she has the requisite knowl-
edge to perform the function.

Job and Task Description. In this case, there is already a solid framework that
describes full competences: European e-Competence Framework (e-CF) [3]. Instead of
defining our own competences for every single certification scheme, all EXIN certifi-
cation schemes use the e-CF as a common framework. The complete e-CF represents
the practice domain of the Agile Scrum Master. The selection of the competences repre-
sents the competence domain.

European e-Competence Framework. The practice domain is described in the e-CF
[3]. The e-CF describes ICT competences in the five main areas Plan, Build, Run, Enable
and Manage. The levels within each competence give an indication of the level of
responsibility that is required: a higher level indicates more responsibility. In essence,
the e-CF is a job and task analysis for the five main areas; professionals in the ICT work
field collaborated to create the e-CF.

Process. EXIN employs exam experts, that are trained on best practices in assessment
and exam creation. Since the certification portfolio covers a broad part of the ICT work
field, we rely on subject matter experts for the content of the questions and practical
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assignments. Since we certify candidates worldwide, we work together with subject
matter experts from all over the world. We use online authoring methods to work
together on content and questions. The content of the job and task description is supplied
by subject matter experts. We select the subject matter experts on the basis of their
demonstrated or verified experience and earned certificates.

For Agile Scrum Master, two exam experts guided two international subject matter
experts in building the job task analysis from the e-CF. Firstly, both subject matter
experts individually selected the relevant competences from the framework. Then an
online video conference was held under supervision of the exam experts, where the
subject matter experts agreed on the relevant competences and level. The result is shown
in Table 1.

Table 1. Example e-CF mapping for agile scrum master

Area Competence name e-Level | Extent
Plan A.2. Service Level Management 4 Superficial
Plan A.5. Architecture Design 3 Superficial
Build B.2. Component Integration 3 Superficial
Build B.3. Testing 3 Superficial
Enable | D.3. Education and Training Provision | 3 Partial
Enable | D.9. Personnel Development 2 Partial
Manage | E.3. Risk Management 3 Partial
Manage | E.5. Process Improvement 3 Partial

Mastery of Competences. The e-CF mapping alone is not enough to start developing
the assessment. In addition to the mapping, it must be decided to what extent the compe-
tence level should be represented in the certification scheme. Furthermore, it should be
decided which knowledge components a candidate should be able to show.

Process. The extent to which a candidate must show mastery of a competence could
fall into one of the following categories: general, partial or superficial. For each compe-
tence in the e-CF, we have developed a set of observation criteria. The full set of criteria
for each competence is extensive, but when a candidate has shown that they can perform
all tasks listed in the criteria (as a professional with experience often can), they are
awarded credit for the full competence.

The extent of the mastery that is tested within a certain certification scheme is decided
by the number of observation criteria that are assessed through the practical assignments.
When 1 % to 29 % of the total number of criteria are assessed, the competence is regarded
as covered superficially. Between 30 % and 69 % coverage of the criteria is regarded as
partial. When 70 % or more of the criteria of a competence level are covered by the
certification scheme, we regard the competence as generally covered. The subject matter
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experts, under guidance of the exam experts, decided which observation criteria are
relevant for the scope of the exam and the test goal.

After this was decided, the subject matter experts and the exam experts agreed on
the relevant knowledge components and translated these to the exam requirements,
which form the basis for developing questions for the multiple choice exam.

Assessment Process. The Agile Scrum certification scheme consists of a multiple-
choice exam, a mandatory training and successful completion of the Practical Assign-
ments. The trainers are responsible for assessing whether the candidate has shown
adequate competence, in the Practical Assignments. What is ‘adequate’ is determined
by the chosen observation criteria. The trainers are provided with material and obser-
vation criteria that show under which conditions a candidate is eligible for successful
completion of the Practical Assignments. The trainers must use the Practical Assign-
ments issued, but they may adapt to their context, in order to allow candidates to show
their mastery of the competences. Where possible, the assignments have a clear rating
scale, to help the trainer assess.

As mentioned earlier, we keep control over the assessment by accrediting the
trainers. In addition, the required multiple-choice exam ensures that we directly control
at least half of the scoring of the assessment.

Skills and Attitude Assessment. As can be seen from Table 1, Agile Scrum Master
does not cover any of the relevant competences generally. It is important to specify
which observation criteria are seen as relevant for Agile Scrum Master, so that all trainers
may assess candidates as uniformly as possible.

The observation criteria for the competence D.3. Education and Training Provision
(level 3) are: The candidate can...

— address organizational skills needs and gaps

— adapt training plans to address changing demands

— promote and market training provision

— design curricula and training programs

— establish a feedback mechanism

— implement continuous improvement of education and training delivery
— assess added value of training provision

Of these criteria, the italicized criteria were chosen by the subject matter experts as
relevant for a starting Agile Scrum Master. These are 4 out of 7 criteria, or 57 %, so we
call the competence covered partially. The same process was repeated for all other
competences in this certification scheme.

Knowledge Assessment. After determining the competences relevant for the certifi-
cation scheme, we asked the subject matter expert to identify all the requisite knowledge
for a starting Scrum Master. This list of requisite knowledge is captured in the exam
blueprint, which is made available for trainers and candidates in the Preparation Guide.
The resulting exam blueprint is shown in Table 2. The Agile Scrum Master exam consists
of 40 multiple-choice questions, divided over the exam requirements. The questions
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allow the candidate to show that she possesses the requisite knowledge to start as a first-
time Scrum Master.

Table 2. Example exam blueprint for agile scrum master

Exam requirements # Questions

1. Agile Way of Thinking

1.1 Agile concepts 2
1.2 Continuously improving the process 1
1.3 Other Frameworks and other Agile frameworks 2

1.4 Applying Agile principles to IT Service Managements | 1

2. Scrum Master Role

2.1 Responsibilities and Commitment 3
2.2 Coaching the Team and Mediating 3
2.3 Other roles (Product Owner, Development Team) 3

3. Agile Estimating, Planning, Monitoring and Control

3.1 Writing and maintaining the Product and Sprint Backlog | 3
32 Agile Planning 2
33 Agile Estimation 4
34 Tracking and communicating progress 3
3.5 Staying in control 1
4. Complex Projects
4.1 Scaling Agile Projects 2
4.2 Suitability of Agile for different types of projects 2
4.3 Agile administration in tooling and tool integration 1
5. Adopting Agile
5.1 Introducing Agile 3
5.2 Self-organization 2
53 Agile requirements and proper environment 2

Total 40
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The subject matter experts individually brainstormed about the requisite knowledge
and then agreed in a video-conference on the final blueprint, under guidance of the exam
experts. Subsequently, the exam requirements were worked out into exam specifications.

For example, the exam specifications for the exam requirement 2.3 Scrum Master
are: The candidate can...

— identify which tasks are related to the role of Scrum Master.
— explain the competences required for performing the role of the Scrum Master.
— explain the tasks, responsibilities and authorities of the Scrum Master.

As can be seen from Table 2, the exam includes 3 questions for this exam require-
ment, so that each of the exam specifications can be represented in the exam. We try to
assure that there is an equal number of questions and exam specifications, to ensure
consistent exams.

When there are more exam specifications than questions in the exam, the subject
matter experts are asked to agree beforehand on the exam specifications that are inter-
changeable in the exam. When there are fewer exam specifications than questions in the
exam, the subject matter experts must agree on which specifications are represented by
more than one question.

As soon as the exam specifications and requirements are accepted by both the subject
matter experts and the exam experts, other international subject matter experts are asked
to create the content for the actual multiple choice questions, under the guidance of the
exam experts. The question creation process includes a review by both a subject matter
expert and an exam expert, to ensure validity and quality. By asking different subject
matter experts to determine and create the content of the assessment, we ensure inter-
national relevance and validity.

Prerequisites and Code of Conduct. The Preparation Guide includes all the prereq-
uisites for the exam. In this case, all exams that show that the candidate understands the
Agile Scrum framework were accepted as prerequisites. The code of conduct is not
applicable for this certification scheme. (It would be applicable for a certification scheme
Ethical Hacking, for instance.)

4 Discussion

We use the European e-Competence Framework (e-CF) [3] to create certification
schemes. Since this framework describes competences that require work-experience,
we test whether candidates have adequate mastery of the competence to start working
with a Practical Assignment. Additionally, we test whether they possess the requisite
knowledge to start working with a multiple-choice exam.

The example certification scheme for Agile Scrum Master complies with the
ISO/IEC 17024:2012 standard for certification of competences. We have shown the
processes we use to create all elements that need to be present in the certification scheme
according to Article 8.2 [2]. We use subject matter experts to create valid, internationally
relevant exams. To ensure the competence of the subject matter experts, we ask them
to prove their experience and expertise to us, by means of work history and earned
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certificates. In addition, we train the subject matter experts ourselves in item develop-
ment best practices, using online training and self-study. In order to ensure impartiality,
we always work with at least two experts, preferably from different countries, guided
by at least one of our own exam experts.

We have shown how we determine the scope of the certification. By using both the
e-CF and market research, we add validity and relevance to our exams. If we combine
the scope of the exam with the input of at least two subject matter experts, we can create
a very relevant, and thus valid, certification scheme. This combination is a form of the
job and task description, as mentioned in the ISO/IEC standard.

We realize that there are other ways of conducting a job and task analysis. However,
the main steps that need to be taken, are already undertaken in the creation of the e-CF:
all competences have been described, complete with knowledge and skills examples. It
seems efficient to use this information. We allow the subject matter experts to decide
which competences of the e-CF enable the candidate to fulfill the scope of the certifi-
cation. Nevertheless, we could have chosen to re-do that work, or to do the job and task
analysis for all parts of the world separately.

We are also aware that adding more subject matter experts will change the outcome
of discussions. In principle, the determination of the scope, as with any further work on
the certification scheme, is not limited to two subject matter experts. In many cases, we
work with more than two subject matter experts. However, we are bound by constraints
of time and budget. We try to balance the implications of adding another expert to the
development team with our constraints.

We have described a process of determining the extent to which we measure each
competence. By using a fixed set of observation criteria for all competences to determine
the extent, this is done in a repeatable way, making it less subjective and more compa-
rable between certification schemes.

We realize that the fixed set of criteria does impose a limit. We could miss important
criteria, by not allowing the subject matter experts to create new criteria for competences
and abilities that fit the certification scheme better. However, we feel that the benefits
of comparability and objectivity outweigh the consequences of the inflexibility. Further-
more, it is beneficial for candidates to work with a single framework and fixed criteria;
it makes it easier to show the value of their certificate in an international context. (Or at
least, where the e-CF is recognized.)

The Preparation Guide describes all these elements to the candidates and lists the
pre-requisites and code of conduct, when applicable. This document, which is freely
available, helps comply fully to Article 8 of the ISO/IEC standard.

We have a relative easy job of staying impartial, since we do not train the candidate.
Therefore, we comply with the mentioned Article 5.2.1 concerning impartiality.
However, being impartial creates a new challenge. We must outsource both part of the
creation of the certification scheme to subject matter experts and outsource part of the
assessment to trainers.

In keeping control whilst outsourcing part of the creation of the certification scheme,
the solution is to keep a review by our own experts in the process. This ensures that an
EXIN employee ultimately decides on the content of the certification scheme, giving us
control.
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The responsibility for the assessment part is a little more difficult. Outsourcing the
authentic assessment is a threat to keeping full responsibility for the quality of the
certification scheme (ISO/IEC standard Article 6.3.2) [2]. We solve this issue by accred-
iting the training organizations and the trainers. We ensure that the trainers are familiar
with best practices for assessing candidates and we regularly inspect the assessments.
To ensure that the work of the trainers is in compliance with the exam regulations, we
audit the training organizations and we keep records of the audits.

By accrediting training organizations and trainers, we aim to keep high quality
assessment and honest assessment. Since trainers are only allowed to change the context
of assignments and not the assessment criteria themselves, we keep more control over
the assessment, complying with Article 6.3.2. By demanding that the candidate not only
shows skills (and is assessed in the training), but also shows their knowledge and insight
in a multiple-choice exam, we keep grip on the certification.

The system is not water-tight and we are well aware of that. On the other hand, the
system is affordable and easy to implement, even for large-scale assessments in an
international context.
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